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Afew years ago, I wrote an article about what I want
from health research when I am a patient (Chalmers
1995). I tried to make clear that I want decisions
about my care to be based on reliable evidence
about the effects of treatments. I can’t imagine that
many patients or health professionals would sug-
gest that this is an unreasonable wish, but they
might well vary quite a lot in what they regard as
‘reliable evidence’.

I illustrated the issue by noting that, after about
five treatments from a chiropractor to whom she
had been referred by her general practitioner, my
wife believed that she had reliable evidence that
chiropractic could help relieve her chronic shoul-
der and back pain. By contrast, although I was
delighted that her longstanding symptoms had
subsided, I noted that I would begin to believe in the
benefits of chiropractic when a systematic review of
the relevant controlled trials suggested that it could
be helpful.

Sometimes the effects of treatments are dramatic,
as they had been for my wife. For example, after
my general practitioner referred me for physiother-
apy for a very painful right shoulder injury, the
experienced physiotherapist tried a number of
technological approaches using some impressive-
looking kit; nothing seemed to be helping. Then
she decided to treat my right supraspinatus ten-
don with what I understand are called Cyriax’s fric-
tions. The relief was instantaneous and dramatic,
and I needed no persuasion that it was as the result
of the treatment.

If treatments never did any harm and were uni-
versally available in unlimited variety and supply,

basing decisions in health care on the individual
experiences of patients and professionals would
not present any problems. But treatments do have
the capacity for doing harm. Chest physiotherapy
in very low birthweight infants, for example, came
under suspicion of causing brain damage (Harding
et al 1998). Even though doubt remains as to
whether the associations observed at the time
reflected an adverse effect of neonatal physiother-
apy (Knight et al 2001), it would have been reassur-
ing if it had been possible to point to a strong
evidence base justifying the use of physiotherapy
in these fragile infants. Even if treatments don’t
harm the people for whom they are prescribed, if
they don’t do any good they use limited resources
that could be deployed more profitably elsewhere.

I don’t know how frequently physiotherapy has
dramatic effects. But if it is anything like medical
care, dramatic effects of treatment are very rare. 
In these circumstances, it is important to assess
whether particular forms of care are likely to do
more good than harm, and this entails doing care-
fully designed research.

A decade ago, I sustained a fractured fibula
while on holiday in the USA. The orthopaedic sur-
geon there advised me that, when the swelling
had subsided after my impending return to the
UK, I would have a plaster cast applied for 6 weeks.
Two days later a British orthopaedic surgeon said
that the advice that I had received was rubbish,
and that I was to have a supportive bandage and
to walk on the ankle until it hurt, and then some
more! When I asked whether I might be entered into
a randomized trial to find out whether he or his
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‘colleague’ across the Atlantic was correct, he told
me dismissively that randomized trials were for
people who were uncertain whether or not they
were right, and he was certain that he was right!

Several questions were posed in the account of
this experience published in the Journal of Bone and
Joint Surgery (Chalmers et al 1992). Which of these
orthopaedic surgeons was right? Were they both
right, but interested in different outcomes of treat-
ment? What were the consequences, in terms of
short term and long term pain and function (and the
costs of treatment), of acquiescing in the advice of
the second rather than the first? And what was
known about the effects of the various forms of
physiotherapy which were subsequently prescribed
(Chalmers et al 1992)? In the decade since that
experience, there has been a welcome increase in the
likelihood of patients and professionals obtaining
answers to questions like these, and this impressive
new book constitutes an important milestone in
these developments.

Reliable identification of modest but worthwhile
effects of physiotherapy poses a substantially
greater challenge than reliable evaluation of the
effects of most drugs and some other forms of health
care. Not only is it often difficult to characterize
physiotherapy interventions in words that allow
readers to understand what was done, but taking

account of the social and psychologically mediated
effects of physiotherapists themselves may also
pose interpretive conundrums. I remember being
impressed by the results of a randomized compari-
son of routine instruction for post-natal pelvic floor
exercises with personal encouragement from a
physiotherapist, done by colleagues in a unit where
I worked at the time (Sleep & Grant 1987). No dif-
ferences were detected in the frequency of urinary
or faecal incontinence between the two groups of
women 3 months after delivery, but those who had
received personal advice and encouragement from
the physiotherapist were less likely to report peri-
neal pain and feelings of depression.

Physiotherapists who recognize that they have
a professional responsibility to do their best to
ensure that their treatments are likely to do more
good than harm, and that they are a sensible use of
limited resources for health care, will find that
Practical Evidence-Based Physiotherapy is a veritable
goldmine of useful information. I am confident
that next time I am referred for physiotherapy this
book will have helped to ensure that I will be
offered treatment that is likely to be good value for
both my time and my taxes.

Sir Iain Chalmers
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How does it come to happen that four physiother-
apists from three countries write a book together?
We first met at the World Confederation of Physical
Therapy’s (WCPT) Expert Meeting on Evidence-
Based Practice in London in 2001. By then we
knew of each others’ work, but at that meeting we
discovered kindred spirits who had been thinking
about similar issues, albeit from quite different
perspectives.

We had all been thinking and writing about 
evidence-based practice. Judy Mead had co-edited
and co-authored the first textbook on evidence-
based health care in 1998 (Bury & Mead, 1998).
Kåre Birger Hagen and Gro Jamtvedt were work-
ing on a Norwegian textbook on evidence-based
physiotherapy (subsequently published as Jamtvedt
et al, 2003). And Rob Herbert and his colleagues at
the Centre for Evidence-Based Physiotherapy had
launched the PEDro database on the internet late in
1999. Together we had been teaching skills of evi-
dence-based practice, carrying out clinical research
and advising health policy makers. The ground had
been laid for collaboration on a text with a broader
perspective than any of us could write on our own. 

The catalyst for the book was Heidi Harrison,
commissioning editor at Elsevier. During the WCPT
Congress at Barcelona in 2003, Heidi twisted eight
arms and extracted four commitments to the writ-
ing of this book. We are grateful to Heidi for get-
ting us started, and for providing ongoing support
over the year that it took to write the book.

Is there a need for another textbook on evidence-
based practice? We think so. Few textbooks on 

evidence-based practice have been written with
physiotherapists in mind. This book considers how
physiotherapists can use clinical research to answer
questions about physiotherapy practice. In that
respect at least we think this book is unique.

We hope this book can meet the needs of a
diverse readership. We want it to provide an intro-
duction to the skills of evidence-based practice for
undergraduate students and practising physio-
therapists who have not previously been exposed
to the ideas of evidence-based practice. Throughout
the book we have highlighted critical points in the
hope that those who are new to these ideas will
not ‘lose the forest for the trees’. We also hope to
provide a useful resource for those who already
practise physiotherapy in an evidence-based way.
We do that by providing a more detailed presenta-
tion of strategies for searching for evidence, critical
appraisal of evidence, and using clinical practice
guidelines than is available in other texts. We have
gone beyond the boundaries that usually encom-
pass texts on evidence-based practice by consider-
ing how evidence about feelings and experiences
can be used in clinical decision-making. There is
an extensive use of footnotes that we hope will
stimulate the interest of advanced readers.

Some books are great labours. This one was
exciting, challenging and fun. It has been a shared
process in which all contributed their different
perspectives. We have discussed, struggled with
difficult ideas, resolved disagreements, and learned
a lot. We also learned about each other and became
good friends. For two wonderful weeks we met
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and worked together intensively: first in the snowy
mountains of Norway in mid-winter, and later in a
quiet village near Oxford in spring.

We would like to thank the people who
reviewed part or all of the manuscript and gave
useful feedback. They are, in alphabetical order,
Trudy Bekkering, Mark Elkins, Claire Glenton,

Mark Hancock, Hans Lund, Sue Madden, Chris
Maher, Anne Moore, Anne Moseley and Cathie
Sherrington. All remaining shortcomings are our
own.

Rob Herbert, Gro Jamtvedt, 
Judy Mead and Kåre Birger Hagen, 2005
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Chapter 1

Evidence-based physiotherapy:
what, why and how?
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OVERVIEW

This chapter introduces the authors’ interpretation
and rationale for the term ‘evidence-based
physiotherapy’. Evidence-based physiotherapy is
physiotherapy informed by relevant, high quality
clinical research. The practice of evidence-based
physiotherapy should involve the integration of
evidence (high quality clinical research), patient

preferences and perspectives, practice-generated
knowledge and other factors. The chapter provides
a brief outline of the history of evidence-based
health care and why it is important. Steps for
practising evidence-based physiotherapy are
described, setting out a preview of the rest of 
the book.
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The aim of this book is to give physiotherapists a practical guide to 
evidence-based physiotherapy.

What do we mean by ‘evidence-based physiotherapy’? 

Evidence-based physiotherapy is physiotherapy informed by relevant,
high quality clinical research. 

This implies that when we refer to ‘evidence’ we mean high quality clini-
cal research.

High quality clinical research Evidence-based physiotherapy

Although evidence-based physiotherapy must be informed by high
quality clinical research, we do not believe that high quality clinical
research is the only information required for practice. There are several
reasons for this. The most obvious is that research alone does not make
good or bad decisions – people do. When patients, health professionals
and policy makers make health care decisions, they bring to their decisions
a range of values, preferences, experiences and knowledge. Thus decision-
making in physiotherapy, as with any other aspect of health care, is a com-
plex process involving more than just research. Decisions should be
informed by patient preferences and physiotherapists’ practice knowl-
edge. High quality clinical research is therefore essential for evidence-
based practice, but practice should be based on more than just evidence.

The practice of evidence-based physiotherapy should be informed by
relevant, high quality clinical research, patients’ preferences and
physiotherapists’ practice knowledge.

High quality Professional Patient 
clinical research knowledge preferences

The practice of evidence-based physiotherapy

Our definition of evidence-based physiotherapy differs from earlier
definitions, because in earlier definitions evidence was considered to be
more than just high quality clinical research. Previous authors considered
evidence-based physiotherapy involved the use of ‘the best available 
evidence’ (Bury & Mead 1998, Sackett et al 2000), which includes high
quality clinical research or, where high quality clinical research is not avail-
able, lower quality clinical research, consensus views and clinical experience.
In our view, practice can only be evidence-based when it uses high quality
clinical research. However, we do not deny the legitimate basis of areas of
physiotherapy where there is a lack of high quality clinical research. Where
high quality clinical research does not exist, good practice must be informed
by knowledge derived from other sources of information, such as experts
or trusted colleagues, personal or shared practice experience (practice-
generated knowledge), patient preferences and lower quality research.

EVIDENCE-BASED PHYSIOTHERAPY: WHAT, WHY AND HOW?2

WHAT IS ‘EVIDENCE-BASED PHYSIOTHERAPY’?
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We recognize that physiotherapists live with uncertainty because there
is often a lack of reliable, relevant evidence. But decisions still have to be
made, and physiotherapists need to use the best information that is avail-
able to them when making clinical decisions. Our position is simply that
we should reserve the term ‘evidence-based physiotherapy’ for physio-
therapy practice that is based on high quality clinical research. The need
to include patient preferences and practice knowledge in decision-making
is relevant to all practice, whether evidence-based or not.

The term clinical research is usually used to mean research on patients,
conducted in clinical settings.1 It is empirical in nature, which means that
it generates knowledge with experiment or observation rather than theo-
ry. There is an enormous volume of clinical research, but not all of it is of
high quality. From the point of view of consumers of research, high quality
clinical research is that which is carried out in a way that allows us to
trust the results (it has a low risk of bias2) and is relevant to our questions.
This book is designed to help you appraise the validity or trustworthi-
ness of qualitative and quantitative clinical research, and to assess its rele-
vance to you and your patients, and apply the evidence to your practice.

The book will focus on studies that provide answers to questions that
arise in physiotherapy practice. We are most interested in those studies
whose results impact directly on decisions that need to be made by physio-
therapists and patients. We will not focus on practice epistemology3 or on
questions that researchers might ask to develop practice knowledge, or
on research into the processes of generating the knowledge or theories
that underpin practice. Nor will this book focus in detail on how physio-
therapists learn and develop practice-generated knowledge, skills and
experience, or how to develop theories.

The traditional clinical model has been one in which physiotherapists
make decisions about therapy for their patients. In recent years there has
been a movement towards consumer involvement in decision-making
and patients have developed expectations that they will be given an
opportunity to contribute to, and share, decisions involving their health
(Edwards & Elwyn 2001). In contemporary models of clinical decision-
making, patients are encouraged to contribute information about their

What is ‘evidence-based physiotherapy’? 3

WHAT DO WE MEAN
BY ‘HIGH QUALITY

CLINICAL RESEARCH’?

WHAT DO WE MEAN
BY ‘PATIENT

PREFERENCES’?

1Clinical research may not always be carried out on patients. It could include in-depth
interviews with carers, for example. Similarly, the setting may not always be a clinical one –
it could include patients’ homes or other community environments, or public health
activities such as community-based health promotion programmes.
2One way of defining bias is that it is a systematic deviation from the truth.
3Epistemology is the branch of philosophy that investigates the origins, nature, methods
and limits of human knowledge. Practice epistemology refers to study of the nature of
knowledge and the processes of generating knowledge that underlie practice
(Richardson et al 2004).
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experience, their preferences and what is most important to them. There
is a move away from the situation where the physiotherapist or the doctor
alone makes decisions for the patient, towards the situation in which the
patient makes informed choices or decisions that are shared between 
the health professional and the patient. Patients are invited to contribute
their experiences, preferences and values to the decision-making process.
This is an important cultural change. It requires that physiotherapists are
able to communicate to patients the risks and benefits of alternative
actions, and it requires communication skills, empathy and flexibility
from physiotherapists.

Practice knowledge is knowledge arising from professional practice and
experience (Higgs & Titchen 2001). Consciously or subconsciously, physio-
therapists add to their personal knowledge base during each patient
encounter. This knowledge is used on a day-to-day basis, along with
many other sources of information, including high quality clinical
research, to inform future practice. Practice knowledge is created through
reflective processes that enable practitioners to evaluate their practice
and learn from their experience. Practice knowledge is used in clinical
reasoning and the highly skilled judgements that have to be made 
in patient encounters. Titchen & Ersser (2001) comment that practice
knowledge ‘underpins the practitioner’s rapid and fluent response to a
situation’. It is what differentiates competent well-educated new gradu-
ates and experienced physiotherapists.

Practice knowledge is not ‘evidence’ as we have defined it. Nonetheless,
practice knowledge should always be brought to the decision-making
process. Practice knowledge contributes to the professional judgements
that have to be made with patients. For example, practice knowledge
might suggest alternative interventions even if the evidence indicates 
a particular intervention is effective. There is some evidence that upper
extremity casting for children with cerebral palsy may increase the qual-
ity and range of upper extremity movement (Law et al 1991). However,
an experienced physiotherapist might suggest alternative interventions
if his or her practice knowledge indicates that casting will cause the child
distress, or if the child or the child’s parents are unlikely to tolerate the
intervention well.

According to our definition, the practice of evidence-based physiother-
apy involves integration of three elements: high quality clinical research,
patient preferences and practice knowledge. But other factors influence
practice as well. Any decision or action will always take place within 
a particular context, and this context interacts with the availability of
research, patient preferences and practice knowledge. The context includes
culture, setting, resources and politics. We all work within different set-
tings and work environments and these influence both our way of posing
practice-related questions and the way we communicate with patients and
populations. Good practice is responsive to a range of contextual factors.

EVIDENCE-BASED PHYSIOTHERAPY: WHAT, WHY AND HOW?4

WHAT DO WE MEAN
BY ‘PRACTICE

KNOWLEDGE’?

ADDITIONAL FACTORS
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The availability of resources often influences clinical decisions. For
example, the most effective intervention for a particular problem could
require an expensive piece of equipment that is not available, in which
case a less effective intervention would have to be used. Another resource
to be considered may be the skills of the physiotherapist. In making
shared decisions about an appropriate intervention, physiotherapists
need to judge whether they have the skills and competence needed to
provide treatment safely and effectively. If not, the patient should be
referred to another physiotherapist who does have the necessary skills
and expertise. When considering how services should be provided for
your patients you may also need to consider whether services are avail-
able in other settings (for example, in the community instead of a hos-
pital) and, if there is a choice, which setting would provide the greater
benefit for the patient.

If we look at physiotherapy from a global perspective we can see huge
variations in the spectrum of conditions that are treated and in the resources
provided for health care. Comparisons of morbidity and mortality world-
wide clearly show how important these factors are. This also has impli-
cations for what kinds of patients and problems physiotherapists are
concerned with, and how they make clinical decisions.

In addition, there are important cultural influences that shape how
physiotherapy should be practised. Culture affects patient and physio-
therapist expectations, attitudes to illness and the provision of health
care, communication and patient–physiotherapist interaction, and the
ways in which interventions are administered. This means that it might
be quite appropriate for physiotherapy to be practised very differently in
different countries. We acknowledge that some cultures, particularly those
with strong social hierarchies, provide contexts that are less conducive to
evidence-based practice or shared decision-making. In multicultural soci-
eties physiotherapists may need to be able to accommodate to the range
of cultural backgrounds of their patients.

At the heart of the practice of evidence-based physiotherapy is the
process of clinical decision-making. Clinical decision-making brings
together information from high quality clinical research, information
from patients about their preferences, and information from
physiotherapists within a particular cultural, economic and political
context.

Clinical decision-making is complex. It requires clinical reasoning to
analyse, synthesize, interpret and communicate relevant information
from and to the patient in a dynamic and interactive way. Practice knowl-
edge, evidence and information from patients are integrated using pro-
fessional judgement. ‘Clinical reasoning needs to be seen as a pivotal
point of knowledge management in practice, utilizing the principles of
evidence-based practice and the findings of research, but also using pro-
fessional judgement to interpret and make research relevant to the spe-
cific patient and the current clinical situation’ (Higgs et al 2004). Only

What is ‘evidence-based physiotherapy’? 5

THE PROCESS 
OF CLINICAL

DECISION-MAKING
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EVIDENCE-BASED PHYSIOTHERAPY: WHAT, WHY AND HOW?6

when physiotherapy is practised in this way can we ‘claim to be adopting
credible practice that is not only evidence-based, but also client-centred and
context-relevant’ (Higgs et al 2004).

While acknowledging the importance of clinical reasoning and the
development of practice knowledge, the focus of this book is narrower –
we aim to help physiotherapists inform their practice with relevant, high
quality clinical research. Readers who are specifically interested in clini-
cal reasoning and development of practice knowledge could consult
Higgs & Jones (2000) and Higgs et al (2004).

Evidence-based physiotherapy is important for patients because it implies
that, within the limitations of current knowledge they will be offered the
safest and most effective interventions. The expectation is that this will
produce the best possible clinical outcomes.

Patients are increasingly demanding information about their disease 
or clinical problem and the options available for treatment. Many patients
have access to a wide range of information sources, but not all of these
sources provide reliable information. The most widely used source of
information is probably the internet, but the internet provides the full
spectrum of information quality, from reliable to spurious data. If
patients are to make informed contributions to decisions about the man-
agement of their conditions they will need assistance to identify high
quality clinical research.

In some countries, such as the United Kingdom, patients’ demands for
information have been nurtured and encouraged. A number of high pri-
ority government programmes have promoted shared decision-making
and choice by giving people reliable evidence-based information (National
Institute for Clinical Excellence; Coulter et al 1999), and by supporting
patients to help each other understand about disease processes (NHS
Executive 2001).

Physiotherapists assert that they are ‘professionals’. Koehn (1994) argues
that a particularly unique characteristic of being a professional is trust-
worthiness – the expectation is that professionals strive to do good, have
the patient’s best interests at heart and have high ethical standards. A tan-
gible demonstration of a profession’s interests in the welfare of its patients
is its preparedness to act on the basis of objective evidence about good
practice, regardless of how unpalatable the evidence might be. A pre-
requisite is that the profession must be aware of what the evidence says.
If we don’t know whether the evidence indicates that the interventions
we offer are effective, or might cause harm, or just make no difference,
our claim to be ‘professionals’ is questionable. Physiotherapy qualifies as
a profession in so far as practice is informed by evidence. And in so far as
it is not, there is a risk of losing the respect and trust of patients and the
public at large.

FOR PATIENTS

FOR
PHYSIOTHERAPISTS

AND THE PROFESSION

WHY IS EVIDENCE-BASED PHYSIOTHERAPY IMPORTANT?
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The profession of physiotherapy has changed enormously in the last 60
years. There has been a transition from doing what doctors told physiother-
apists to do, which was usually accepted quite uncritically, to using experi-
ence and intuition on which to base decisions, to the current position where
evidence-based practice has been promoted as a model for physiotherapy
practice (Gibson & Martin 2003). Our new-found professional autonomy
should be exercised responsibly. With autonomy comes responsibility for
ensuring that patients are given accurate diagnoses and prognoses, and are
well-informed about benefits, harms and risks of intervention.

Whether physiotherapy services are funded by the public, through the
taxes they pay, or by individuals in a fee-for-service or insurance pay-
ment, we want to be confident that health care does good, and not harm.
Policy-makers, managers and purchasers of health services have an inter-
est in ensuring value for money and health benefits in situations where
health resources are always scarce. Decisions have to be made about
where and how to invest to benefit the health of the population as a
whole. Decisions on investment of health services need to be based on
evidence (Gray 1997).

History of evidence-based health care 7

FOR FUNDERS OF
PHYSIOTHERAPY

SERVICES

HISTORY OF EVIDENCE-BASED HEALTH CARE

The term ‘evidence-based medicine’ was first introduced in 1992 by a team
at McMaster University, Canada, led by Gordon Guyatt (Evidence-Based
Medicine Working Group 1992). They produced a series of guides to help
those teaching medicine to introduce the notion of finding, appraising and
using high quality evidence to improve the effectiveness of the care given
to patients (Oxman et al 1993, Guyatt et al 1994, Jaeschke et al 1994).

Why did the term evolve? What were the drivers? There had been
growing concern in some countries that the gap between research and
practice was too great. For example, in 1991, the Director of Research and
Development for the Department of Health in England noted that ‘strongly
held views based on belief rather than sound information still exert too
much influence in health care’ (Department of Health 1991). High quality
medical research was not being used in practice even though evidence
showed the potential to save many lives and prevent disability. For example,
by 1980 there were sufficient studies to demonstrate that prescription of
clot-busting drugs (thrombolytic therapy) for people who had suffered 
heart attacks would produce a significant reduction in mortality. But in
the 1990s, thromobolytic therapy was still not recommended as a routine
treatment except in a minority of medical textbooks (Antman 1992).
Similarly, despite high quality evidence that showed bed rest was inef-
fective in the treatment of acute back pain, physicians were still advising
patients to take to their beds (Cherkin et al 1995).

Another driver was the rapidly increasing volume of literature. New
research was being produced too quickly for doctors to cope with it. At
the same time, there was a recognition that much of the published research
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was of poor quality. Doctors had a daily need for reliable information
about diagnosis, prognosis, therapy and prevention (Sackett et al 2000).

One way of dealing with the growing volume of literature has been the
development of systematic reviews, or systematically developed sum-
maries of high quality evidence, which will be discussed in many chap-
ters in this book. In 1992 the Cochrane Collaboration4 was established.
The Cochrane Collaboration’s purpose is the development of high qual-
ity systematic reviews, which are now carried out through 50 Cochrane
Review Groups, supported by 12 Cochrane Centres around the world.
The Collaboration has had a huge impact on making high quality evi-
dence more accessible to large numbers of people.

One of the early drivers of evidence-based physiotherapy was the
Department of Epidemiology at the University of Maastricht in the
Netherlands. Since the early 1990s this department has trained several
‘generations’ of excellent researchers who have produced an enormous
volume of high quality clinical research relevant to physiotherapy. In
1998, the precursor to this book, Evidence-based Healthcare: a practical guide
for therapists (Bury & Mead 1998), was published, providing a basic text to
help therapists understand what evidence-based practice was and what
it meant in relation to their clinical practice. And from 1999 PEDro, a data-
base of randomized trials, has given physiotherapists easy access to high
quality evidence about effects of intervention.

Now every physiotherapist has heard of evidence-based practice, and
evidence-based practice has initiated much discussion and also some
scepticism. Some feel the concept threatens the importance of skills,
experience and practice knowledge and the pre-eminence of interaction
with individual patients. We will discuss these issues further in this book.

EVIDENCE-BASED PHYSIOTHERAPY: WHAT, WHY AND HOW?8

HOW WILL THIS BOOK HELP YOU TO PRACTISE EVIDENCE-BASED
PHYSIOTHERAPY?

This book provides a step-by-step explanation of how to practise 
evidence-based physiotherapy. The focus is on using evidence to support
decision-making that pertains to individual patients or small group of
patients, but much of what is presented applies equally to decision-
making about physiotherapy policy and public health issues.

Evidence-based practice involves the following steps (Sackett et al 2000):

Step 1 Convert information needs into answerable questions.
Step 2 Track down the best evidence with which to answer those questions.
Step 3 Critically appraise the evidence for its validity, impact and

applicability.

STEPS FOR
PRACTISING

EVIDENCE-BASED
PHYSIOTHERAPY

4The Cochrane Collaboration was named after Archie Cochrane, a British epidemiologist
who was driven by the need to assess the effectiveness and efficiency of medical 
treatments and procedures. More information about Archie Cochrane and the 
Cochrane Collaboration can be found at www.cochrane.org/index0.htm.
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Step 4 Integrate the evidence with clinical expertise and with patients’
unique biologies, values and circumstances.

Step 5 Evaluate the effectiveness and efficiency in executing steps 1–4
and seek ways to improve them both for next time.

These steps form the basis for the outline of this book.

Evidence-based physiotherapy will only occur when two conditions
are met: there has to be a sense of uncertainty about the best course of
action, and there has to be recognition that high quality clinical research
could resolve some of the uncertainty. Once these conditions are met, the
first step in delivering evidence-based physiotherapy is to identify, often
with the patient, what the clinical problem is. Framing the problem or
question in a structured way makes it easier to identify the information
you need. Chapter 2 is designed to help you to frame answerable ques-
tions. We focus on four types of clinical questions: those about the effects
of intervention; attitudes and experiences; prognosis; and the accuracy of
diagnostic tests.

Each type of clinical question is best answered with a particular type of
research. Chapter 3 considers the types of research that best answer each
of the four types of clinical question.

You will need to do a search of relevant databases to find evidence to
answer your clinical questions. Chapter 4 tells you about which data-
bases to search, and how to search in a way that will be most likely to give
you the information you need in an efficient way.

Not all research is of sufficient quality to be used for clinical decision-
making. Once you have accessed the research evidence, you need to be
able to assess whether or not it can be believed. Chapter 5 describes a
process for appraising the trustworthiness or validity of clinical research.

If the research is of high quality, you will need to decide if it is relevant to the
particular clinical circumstances of your patient or patients, and, if so, what
the evidence means for clinical practice. Chapter 6 considers how to assess
the relevance of clinical research and how to interpret research findings.

Properly developed clinical guidelines provide recommendations for prac-
tice based on a synthesis of the research evidence that is integrated with
contributions from clinical experts and patients. Chapter 7 describes how
to decide whether clinical practice guidelines are sufficiently trustworthy
to apply in practice.

It can be hard to get high quality clinical research into practice. Chapter 8
discusses barriers to changing practice and ways of improving profes-
sional practice.

How will this book help you to practise evidence-based physiotherapy? 9

Chapter 2: What do I
need to know?

Chapter 3: What
constitutes evidence?

Chapter 4: How can I
find relevant evidence?

Chapter 5: Can I trust
this evidence?

Chapter 6: What does
this evidence mean for

my practice?

Chapter 7: Clinical
practice guidelines

Chapter 8: Making it
happen
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Lifelong learning requires self-reflection and self-evaluation. In Chapter 9
we discuss self-evaluation, both of how well evidence is used to inform
practice, and of how well evidence-based practices are implemented. In
addition, we consider clinical evaluation of the effects of intervention on
individual patients.

Chapter 9: Am I on the
right track?
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Let us imagine that you are a full time practitioner in an outpatient clinic.
One day you are faced with the following patient:

Mr Y is 43 years old. He presents with low back pain of relatively acute
onset (about 2 weeks) with pain radiating down his left leg. He has no
apparent neurological deficits. The problem has arisen during a period of
heavy lifting at work and has become progressively worse over subsequent
days. Mr Y’s general practitioner prescribed analgesics, anti-inflammatory
drugs and bed rest for 5 days, but this brought little improvement. He was
then referred to you for treatment to relieve his pain and restore physical
functioning.

This scenario will probably make many physiotherapists think how they
would manage this patient. Most of us will admit that there is quite a lot

OVERVIEW

The first step in evidence-based practice is to ask
relevant clinical questions. In this book we consider
questions about the effects of intervention,
experiences, prognosis and the accuracy of

diagnostic tests. By structuring questions well,
relevant evidence can be found more efficiently 
and easily.

H8820-Ch02.qxd  3/1/05  11:49 AM  Page 11



we do not know about what the evidence says is the best treatment for
patients with back pain. Uncertainty prompts clinical questions, so it is a
precondition for evidence-based physiotherapy.

A well known saying is that ‘the beginning of all wisdom lies not in the
answer, but in the question’. The first step in evidence-based practice is to
formulate a specific question. The question you have concerning your
practice should be formulated so it is possible to find a scientific answer
to the question. Posing specific questions relevant to a patient’s problem
provides a focus to thinking, and it helps in the formulation of search
strategies and in the process of critical appraisal of evidence.

Most physiotherapists frequently ask a wide variety of questions dur-
ing patient encounters. Some information, such as about how the prob-
lem affects the patient’s day-to-day life, is best obtained by asking the
patient. Other information needs are met by practice knowledge that is 
at our fingertips. But some information needs are best provided by high
quality clinical research. This information may be hard to find, and track-
ing it down is always difficult in the pressurized atmosphere of a busy
practice. The intention of this book is to help physiotherapists quickly
find important evidence.

In the scenario we have before us, you are faced with the problem of 
a man with low back pain of relatively acute onset. What questions does
this scenario stimulate you to ask? You may have thought of some or all
of the following:

• Is heavy lifting the most likely cause of his problem?
• Could this problem, which I frequently see in my practice, be prevented?
• How can I decide if he has nerve root involvement?
• Which tests would be useful to rule out more serious conditions, such

as malignancy?
• What is his principal underlying concern about the condition?
• If my aim is to improve his functional capacity, should I advise him to

stay active or to rest in bed?
• What does he feel about staying in bed or returning to work?
• What is the probability that the problem will resolve by itself within a

month?
• What can I do to relieve his pain during this period?
• Is there anything I can do to speed up his recovery?

All these questions are important. Each is answered with a different kind
of evidence. The questions can be categorized as shown in Table 2.1.

The most important clinical questions are those concerning:

• effects of intervention
• patients’ experiences
• the course of a condition (prognosis)
• the accuracy of diagnostic tests.

RELEVANT CLINICAL QUESTIONS

WHAT DO I NEED TO KNOW?12
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Clinical research that answers these sorts of questions is therefore the
most important research for clinical practice. In this book we consider
how to answer them with high quality clinical research.

We have chosen to start with questions about the effects of intervention
because these can be considered the most important sorts of questions for
practice. Most of the thinking and concepts in evidence-based physiother-
apy have been developed from research on the effects of intervention. Then
we will consider questions about patients’ experiences because these ques-
tions are often complementary to and closely linked with questions about
effectiveness. Finally, we consider questions about prognosis and diagnosis.

The separation of clinical questions into those about intervention,
experiences, prognosis and accuracy of diagnostic tests is a little con-
trived. In practice, many clinical questions are complex and require the
synthesis of findings of several types of research. A clinical question
about whether or not to apply a particular intervention may require
information about the effects of that intervention, but it may also need 
to be informed by studies about prognosis and about patients’ experien-
ces. For example, consider a middle-aged man who presents to a physio-
therapy department with acute neck pain. He has been told by his
general practitioner that a course of cervical mobilization and manipula-
tion will relieve his pain. When deciding how to proceed, his physiother-
apist could consider evidence from studies of the effectiveness of
mobilization and manipulation, which show a moderate effect on pain

Relevant clinical questions 13

Question Requires evidence 
about

■ Could this problem, which I frequently see 
in my practice, be prevented?

■ If my aim is to improve his functional
capacity, should I advise him to stay active
or to rest in bed? Effects of intervention

■ What can I do to relieve his pain during �
this period?

■ Is there anything I can do to speed up his 
recovery?

■ What does he feel about staying in bed or
returning to work?

Experiences
■ What is his principal underlying concern �

about the condition?

■ What is the probability that the problem Prognosis
will resolve by itself within a month?

■ How can I decide if he has nerve root 
involvement?

■ Which tests would be useful to rule out more � Diagnosis

serious conditions, such as malignancy?

■ Is heavy lifting the most likely cause of his problem? Harm or aetiology

Table 2.1 Categorization of
questions
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and disability (Gross et al 2004), as well as research on the natural course of
this condition, which indicates a quite favourable prognosis (Borghouts 
et al 1998). The physiotherapist might also be interested in what the evi-
dence has to say about patients’ expectations of manual therapy, and what
it is that most patients hope to be able to achieve with physiotherapy. For
the patient, these issues are closely entwined. However, if the physiother-
apist is to think clearly about these issues and find relevant research, he or
she will do better to break the global question about how to treat into its
components concerning effects of intervention, prognosis and experiences.

Our impression is that physiotherapists frequently ask another class of
question, about harm or aetiology. (And, in our example we asked about
whether heavy lifting is the most likely cause of the patient’s problem.)
These questions are of great theoretical importance, but they are usually
not immediately relevant to practice. To see why, consider the following
example. A substantial body of evidence suggests that being overweight
exacerbates symptoms of osteoarthritis of the knee (for example, Felson
et al 1992, Coggon et al 2001). While that is useful information for
researchers, it does not, on its own, indicate that interventions aimed at
weight loss are indicated. This is because the causes of most diseases are
multifactorial, so intervention that modifies one aetiological factor may
have little effect on the course of the disease. Also, interventions aimed at
producing weight loss may not have sufficient long term effects to be
worthwhile. In general, studies of aetiology suggest interventions but do
not confirm their effectiveness. Questions about aetiology could be con-
sidered preclinical questions. Consequently, we shall not consider ques-
tions about aetiology further in this book.

However, there is one type of aetiological research that is of immediate
clinical importance: research into unintended harmful effects of interven-
tion. Physiotherapists seldom believe that their treatment could cause
harm, but it might be possible for some modalities to do so. Cervical
manipulation is one intervention that is known to produce occasional
harm (Di Fabio 1999). It causes harm so infrequently that studies of
effects of cervical manipulation do not provide a useful estimate of the
harm that is caused. The research on harm caused by cervical manipula-
tion is therefore most often of the same type as the traditional aetiological
research. In general, evidence of the harmful effects of intervention will
often come from aetiological research.

WHAT DO I NEED TO KNOW?14

REFINING YOUR QUESTION

Before we begin the hunt for evidence that relates to our clinical ques-
tions, we need to spend some time making the questions specific.
Structuring and refining the question makes it easier to find an answer.
One way to do this is to break the problem into parts. Below we provide
some suggestions for breaking questions about effects of intervention,
experiences, prognosis and diagnosis into parts. We will use some simple
tables to help us formulate well-structured questions.
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We usually break questions about the effects of intervention into four parts
(Sackett et al 2000):

• Patient or problem
• Intervention or management strategy
• Comparative intervention
• Outcome.

A useful mnemonic is PICO (Glasziou et al 2003).
The first part identifies the patient or the problem.1 This involves iden-

tifying those characteristics of the patient or problem that are most likely
to influence the effects of the intervention. If you specify the patient or
problem in a very detailed way you will probably not get an answer,
because the evidence is usually not capable of providing very specific
answers. (More on this in Chapter 6.) So a compromise has to be reached
between specifying enough detail to get a relevant answer, but not too
much detail to preclude getting any answer at all.

The second and third parts concern the interventions. Here we specify
the intervention that we are interested in and what we want to compare
the effect of that intervention to. We may want to compare the effect of an
intervention to no intervention, or to a sham intervention (more on sham
interventions in Chapter 5) or to another active intervention.

The fourth part of the question specifies what outcomes we are inter-
ested in. In some circumstances it may be worth spending some time with
the patient to identify precisely what outcomes they are interested in. For
example, when considering whether to refer an injured worker to a work-
hardening programme it may be important to determine whether the
patient is primarily interested in reductions in pain, or reductions in dis-
ability, or returning to work, or some other outcome. Traditionally there
has been little involvement of patients when it comes to defining the
desired outcomes of intervention. There is now an increasing recognition
that the patient is the main stakeholder when it comes to choosing out-
come measures, and involvement of patients in setting the goals of inter-
vention is an important element in a shared decision-making process.

Let us return to the scenario of the man who presents with acute back pain
and ask a question about the effects of intervention. You are considering
whether to advise this man to stay in bed or to continue his daily routine as
actively as possible. He has been explicit that he wants you to do something
to relieve his pain and restore his physical functioning. Consequently, your
four-part question is: ‘In patients with acute low back pain, does bed rest or
advice to stay active produce greater reductions in pain and disability?’

Refining your question 15

EFFECTS OF
INTERVENTION

1The example we use is one of an individual patient. However, health care interventions
do not always concern patients. For example, questions related to organizing and funding
health services may also be of interest to physiotherapists. This book will, however,
focus on problems of individual patients.

Patient Intervention Comparison intervention Outcome

Adult with acute Bed rest Advice to stay active Pain and disability
low back pain
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Questions about experiences can relate to any aspect of clinical practice.
Because such questions are potentially very diverse they must be relatively
open. We recommend that, when formulating questions about experiences,
you specify the patient or problem and the phenomena of interest.

Returning to our example, you may be interested in your patient’s 
attitudes to his condition. In a similar scenario in your own practice you
recently heard a patient expressing concern about whether his complaint
might become chronic, or whether he might have a serious illness. You
become interested in knowing more about the concerns of patients with
acute low back pain. Consequently your two-part question is: ‘What are
the principal concerns of adults with acute low back pain?’

When asking questions about prognosis you should specify (again) the
patient or problem, and the outcome you are interested in. The question
may be about the expected amount of the outcome or about the probability
of the outcome. (We will consider this distinction in more depth in
Chapter 6.) Often it is worthwhile specifying the time frame of the out-
come as well. In general we can ask questions about the prognosis of people
who do not receive treatment (the natural history of the condition) or
about the prognosis of people receiving intervention (the clinical course
of the condition).

When you discuss different management strategies with your patient
he asks you if he is likely to recover within the next 6 weeks, because he
has some important things planned at that time. So your first question
about prognosis is a broad question about the prognosis in the hetero-
geneous population of people with acute low back pain. The question is:
‘In patients with acute low back pain, what is the probability of being
pain-free within 6 weeks?’

WHAT DO I NEED TO KNOW?16

Patient Outcome and time frame

Adult with acute low back pain Probability of being pain-free within 6 weeks

Patient Indicator Outcome and time frame

Adult with acute low back pain No previous spells of Probability of being 
low back pain pain-free at 6 weeks

Patient Phenomena

Adult with acute low back pain Principal concerns

PROGNOSIS

The patient has previously told you that this is his first-ever spell of
low back pain, and you start thinking about whether that is a good or bad
indicator for rapid recovery. This is a more detailed question, where you
ask about the prognosis for a specific subgroup of patients or the impact
of one particular prognostic factor. You try to refine your prognosis by
asking: ‘In people with first-episode acute low back pain, what is the
probability of being pain-free within 6 weeks?’

EXPERIENCES
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It is important to understand that questions about prognosis are ques-
tions about what will happen in the future, not questions about the
causes of what will happen in the future. When we ask questions about
the clinical course of a person’s condition we want to know what that
person’s outcome will be, not why it will be what it will be.

Even the best diagnostic tests occasionally misclassify patients. Misclassifi-
cation and misdiagnosis are an unavoidable part of professional practice.
It is useful to know the probability of misclassification so we can know
how much certainty to attach to diagnoses based on a test’s findings. The
research literature can help us to obtain relatively unbiased estimates of
the accuracy of diagnostic tests. When asking questions about diagnostic
test accuracy it is useful to specify the patient or problem, the diagnostic
test and the diagnosis for which you are testing.

Our patient’s general practitioner has told him that he does not have
sciatica. You first interpret this to mean there were no neurological
deficits, but after the patient describes radiating pain corresponding with
the L5 dermatome you are not sure. You are aware that general practi-
tioners often do not examine patients with low back pain very thor-
oughly so you start thinking about doing further clinical examinations,
perhaps using Lasègue’s test amongst others, to find out if there is nerve
root compromise. So you ask: ‘In adults with acute low back pain, how
accurate is Lasègue’s test as a test for nerve root compromise?’

References 17

Patient Test Diagnosis

Adult with acute low back pain Lasègue’s test Nerve root compromise

DIAGNOSIS

These four clinical questions are best answered with different types 
of research. Chapter 3 will describe the sorts of research that best answer
each type of question.
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OVERVIEW

Readers looking for evidence of the effects of
intervention, experiences, prognosis or accuracy of
diagnostic tests should look first for relevant
systematic reviews. If relevant systematic reviews
cannot be found, the reader can consult reports of
individual studies. The best (least biased) evidence of

effects of intervention comes from randomized
clinical trials. Evidence of experiences can be
obtained from qualitative research that typically
involves in-depth interviews, observation of
behaviours, or focus groups. Evidence of prognosis
can be obtained from longitudinal studies. The
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WHAT CONSTITUTES EVIDENCE?20

WHAT CONSTITUTES EVIDENCE ABOUT EFFECTS OF INTERVENTIONS?

The preceding chapter described four important types of clinical ques-
tions: questions about the effects of intervention, experiences, prognosis
and diagnostic tests. In this chapter we consider the types of clinical
research that can be used to answer these questions.

The practice of physiotherapy has always been based, at least in part, on
clinical observation.

Day-to-day clinical practice provides physiotherapists with many obser-
vations of their patients’ conditions. Some physiotherapists supplement
their clinical observations with careful measures of outcomes using vali-
dated measurement tools. Over time, experienced practitioners accumulate
large numbers of such observations. Distillation of clinical observations
generates ‘practice knowledge’ or ‘professional craft knowledge’ (Higgs et al
2001). The practice knowledge of veteran physiotherapists may be shared
with less experienced colleagues in practice or at conferences or workshops.

The simplest way to interpret observations of clinical outcomes is as
the effect of intervention. If the condition of most patients improves with
intervention then, according to this simple interpretation, the interven-
tion must be effective. Alternatively, if the intervention is designed to
prevent adverse outcomes, the observation that most people who receive
the intervention do not experience an adverse outcome might be inter-
preted as indicating that the intervention is effective. The confusion of
outcomes and effects of interventions is reinforced by patients. Patients
often interpret an improvement in their condition as evidence that inter-
vention was effective, and patients whose condition does not improve
may feel dissatisfied with the intervention.

This way of reasoning is attractive but potentially seriously mislead-
ing. Many factors determine clinical outcomes.

It may be incorrect to interpret clinical observations of successful outcomes
as evidence of a beneficial effect of intervention because sometimes factors
other than the intervention are the primary determinants of outcome.

In epidemiology-speak, the effects of intervention are ‘confounded’ by
‘extraneous factors’. What extraneous factors confound simple cause–
effect interpretations of interventions and outcomes?

One important source of confounding is natural recovery. Natural
recovery occurs when conditions resolve without intervention. Examples
of conditions which can resolve without intervention are acute low back
pain and post-surgical respiratory complications. People with these 

CLINICAL
OBSERVATION

preferred study type is the prospective cohort study,
but sometimes good prognostic information can be
obtained from retrospective cohort studies or clinical
trials. Evidence of the accuracy of diagnostic tests

comes from cross-sectional studies that compare the
findings of the test of interest with a reference
standard.
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conditions can experience satisfactory outcomes even if they are not
given any intervention, or if they are given ineffective interventions.
Clinical observations are not always helpful in determining the effects of
intervention because it can be difficult, in the course of normal clinical
practice, to determine what part of the improvement was due to inter-
vention and what would have occurred without intervention.

Natural recovery may occur because the underlying course of the con-
dition is one of gradual improvement, but it will also tend to occur in
chronic conditions that are episodic or that tend to fluctuate in severity.
Two common examples of episodic conditions are arthritic pain and 
respiratory infections. By their very nature, episodic conditions tend to
resolve even without intervention, and then they relapse again.

Statisticians consider the spontaneous resolution of episodic disease as
an example of a more general phenomenon called statistical regression.
The statistical way of thinking about episodic disease is that the disease
has a random component to its severity. Sometimes, when the symptoms
become particularly bothersome or serious (when random fluctuations
are in the direction of worsening of symptoms), patients are driven to
seek care. At this stage, when the patient’s condition is more severe than
usual, still more severe symptoms are relatively unlikely – it is more
likely that subsequent random fluctuations will be towards more average
symptom levels (see Figure 3.1; Bland & Altman 1994). Consequently
conditions of fluctuating intensity, once they become severe, are most
likely to resolve, even without intervention.

A third confounder of clinical observations applies when information
about outcomes is supplied by the patient rather than directly observed
by the physiotherapist. In practice, most useful information about clini-
cal outcomes is obtained in this way.1 (Two important examples are 

What constitutes evidence about effects of interventions? 21
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therapy

Figure 3.1 Statistical
regression. Patients with
episodic disease seek
intervention when the severity
of the condition exceeds some
threshold value. Subsequent
fluctuations are more likely 
to be in the direction of a
reduction in disease severity,
even if the intervention does
not have any effect on the
course of the condition.

1The real test of most interventions is how they make recipients of the intervention 
feel. (More on this in Chapter 6.) Consequently the constructs that we most need to
know about are intrinsically subjective. The subjectiveness of many clinical outcome
measures is a strength, not a weakness, of the measures.
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information about pain severity and function, both of which are almost
always supplied by the patient.) The only practical way to find out about
these types of outcome is to ask patients to tell us whether or not their
conditions have improved. But self-reports of outcomes are potentially 
misleading because patients’ responses to questioning about outcomes
can be distorted by the social mores that guide interactions between ther-
apists and patients (Kienle & Kiene 1997). Patients understand that most
therapists try hard to do their best for their patients, and some patients
may find it difficult to report that their condition has not substantially
improved. Politeness or a sense of obligation may cause some patients to
report improvements that did not occur, or to report exaggerated
improvements. In this way, sensitive and polite patients can make inter-
vention look more effective than it truly is. The confounding effect of
polite patients is an example of a more general phenomenon, sometimes
called the ‘Hawthorne effect’, which refers to the fact that participants in
research may change their behaviours as a result of knowing that their
behaviours are under study (Wickstrom & Bendix 2000).

A closely related confounder is the placebo effect (Beecher 1955, Kienle &
Kiene 1997, Hrobjartsson & Gotzsche 2003). Placebo effects are improve-
ments in the patient’s condition that result from the ‘treatment ritual’
(Hrobjartsson 2002), as evidenced by effects of inert (sham) interventions.
It is widely believed that placebo effects contribute substantially to the
benefits of most interventions. For example, a survey showed that many
Australian physiotherapists believe that the apparent effects of ultra-
sound are due largely to placebo effects (Chipchase & Trinkle 2003). Insofar
as ultrasound exerts placebo effects, there must be powerful mechanisms
that convert the psychological phenomenon of an expectation of effective
therapy into the biopsychosocial phenomenon of recovery. But there is
considerable controversy surrounding the placebo effect. One point of
disagreement is whether placebo effects should be considered confounders
or effects of therapy in their own right (Vickers & de Craen 2000). A more
radical point of view holds that the placebo effect is an artefact of poorly
designed research. We will examine the placebo effect in more detail in
Chapter 5.

Interpretations of clinical observations of outcomes may also be con-
founded by recall bias. Recall bias occurs because the task of keeping
track of clinical observations is difficult: experienced physiotherapists
who have applied an intervention many times need to maintain an accur-
ate mental ledger of typical outcomes with that therapy. In practice,
patients who fared particularly well or particularly badly may feature
most prominently in memory. We tend to remember our most successful
and most disastrous cases, so our memories of clinical outcomes may be
unduly optimistic or unduly pessimistic. Thus accumulation of large
numbers of observations of clinical outcomes does not guarantee a reduc-
tion in bias.

The preceding paragraphs suggest that simple cause–effect interpret-
ations of clinical observations can be biased (Table 3.1). Most of the biases
we have considered act to inflate estimates of effects of interventions; that
is, simple cause–effect interpretations of clinical observations tend to
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overestimate effects of interventions. History points to the same conclu-
sion. There are many examples from the history of medicine where clini-
cal observations have suggested that a therapy was effective yet
subsequent investigations have shown the therapy to be ineffective or
harmful.2 The simple conclusion is that everyday clinical observations
may provide misleading estimates of the effects of interventions.

In some areas of physiotherapy practice the primary justification for
intervention is provided not by clinical observations but by theory. The
justification is not that the intervention has been observed to be effective
but that what we know about the mechanisms of the intervention leads
us to believe that intervention should be effective.

There are many examples: physiotherapists began to use ultrasound to
treat musculoskeletal lesions back in the 1950s because they believed that
ultrasound increased the permeability of cell membranes, which was
thought to facilitate healing (Wedlick 1954). The techniques of proprio-
ceptive neuromuscular facilitation (Voss et al 1985), and their successors
such as the muscle energy techniques (Chaitow 2001), are based on neu-
rophysiological concepts such as reciprocal inhibition. And many people
stretch after sport because they have been told that stretching reduces
muscle spasm which causes delayed onset muscle soreness (de Vries 1961).

We need to have theories about the mechanisms of interventions.
Properly used, theories about mechanisms can provide hypotheses about
which interventions might be effective. Good theories make it possible
for us to administer interventions that have the greatest chance of being
effective. But theories about mechanisms, on their own, provide very
inferior evidence of the effects of intervention. Why?
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THEORIES ABOUT
MECHANISMS

Cause of bias Effect

Natural recovery Condition tends to resolve even without intervention

Statistical regression Patients with episodic disease present for therapy
when the condition is severe, but when the condition
is severe random fluctuations in severity are likely to
be in the direction of a reduction of severity

Polite patients Polite patients may exaggerate recovery

Placebo effects The ritual of intervention, rather than the
intervention itself, may produce beneficial effects

Recall bias Extreme cases (successes and disasters) feature most
prominently in memory

Table 3.1 Summary of
major potential causes of 
bias when using clinical
observations to make 
inferences about effects of
intervention

2For an extreme example of misleading clinical observations, see Whitehead’s description,
in 1901, of the use of a tape seton for treatment of migraine. Whitehead treated migraine
by passing a dressmaker’s tape through an incision in the skin on the back of the neck. 
He wrote of his experiences with this therapy that: ‘During the last five and twenty years 
I have never failed to treat successfully the most inveterate and severe cases of migraine.’
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Physiotherapy involves the application of complex interventions to
complex problems, so it should not be surprising that our theories are
almost always incomplete. Theories about mechanisms usually have the
status of working hypotheses rather than comprehensive and accurate
representations of the truth. Theories should be, and usually are, subject
to frequent revision. We can rarely know, with any certainty, that theories
about intervention are true.

There is another problem with using theory to justify intervention.
Theories might tell us about the direction of effects of interventions, but
they can never tell us about the size of effects of interventions. Laboratory
studies of the effects of ultrasound might show that insonation of fibro-
blasts increases their secretion of collagen, or that ultrasound hastens liga-
ment healing, and these findings might suggest that ultrasound will
bring about clinically useful effects such as returning subjects to sport
faster than would otherwise occur. But how much faster? The theory,
even if true, cannot tell us if the application of ultrasound therapy will
get patients back to sport one week faster, or one day faster, or one minute
faster. We might consider a therapy that gets patients back to sport one
week faster is effective, and a therapy that gets patients back to sport just
one minute faster than an alternative intervention is ineffective. Theory
cannot distinguish between the two. Making rational treatment decisions
involves considering the size of treatment effects, and theory cannot tell
us about the size of treatment effects.

Theories of mechanisms can help us develop and refine interventions,
but they provide a very poor source of information about the effects of
intervention.

We need more than theory.

Clinical research potentially provides us with a better source of information
about the effects of intervention than clinical observation or theories about
mechanisms. High quality clinical research is able to prevent (‘control for’)
much of the bias associated with simplistic interpretations of clinical obser-
vations and, unlike theories about mechanisms, can provide us with esti-
mates of the size of treatment effects.

High quality clinical research can provide us with unbiased estimates of
the size of the effects of intervention, so it potentially provides us 
with the best way of assessing effectiveness of interventions.

The systematic and critical use of high quality clinical research in clini-
cal decision-making is what differentiates evidence-based physiotherapy
from other models of physiotherapy practice. That is why, in this book,
we use the word ‘evidence’ to mean high quality clinical research.

Unfortunately most clinical research is not of high quality. Surveys of
the methodological quality of clinical research have invariably found that
most published research does not satisfy basic requirements of good
research design (see Chapter 5). One of the consequences is that the find-
ings of many studies cannot be relied upon. It is possible to find studies

WHAT CONSTITUTES EVIDENCE?24

CLINICAL RESEARCH

H8820-Ch03.qxd  3/1/05  11:50 AM  Page 24



which purport to demonstrate clinically important effects of particular
interventions alongside other studies which draw exactly the opposite
conclusions. Undiscriminating readers may find this disconcerting!
Readers who have the ability to discriminate between high quality and
low quality studies will be more able to make sense of the literature, and
should be more able to discern the true effects of interventions. A pre-
requisite of evidence-based physiotherapy is the ability to discriminate
low quality and high quality clinical research. One of the aims of this
book is to provide readers with the skills to discriminate between low
and high quality clinical research.

What sorts of clinical research give us the best answers about effects of
intervention? There are many ways to design clinical studies of the effec-
tiveness of interventions, but some research designs are more suitable
than others.

The simplest studies of the effects of intervention simply involve assess-
ing patients presenting with the condition of interest, applying the inter-
vention, and determining if, on average, the patients’ condition improves.
Such studies are sometimes called ‘case series’. The simplistic interpret-
ation often applied by authors of such studies is that if, on average,
patients get better, the intervention is, on average, effective.

These very simple studies just involve systematic recording of normal
clinical practice. Like clinical practice they involve the accumulation of
observations. And like any clinical observations of the effects of interven-
tion they are prone to bias because extraneous factors, other than treat-
ment, can masquerade as effective treatment. These sorts of studies are
prone to serious bias from natural recovery, statistical regression, placebo
effects and polite patients. Therefore they provide very weak evidence of
the effects of intervention.

More sophisticated studies compare outcomes in people who do and
do not receive the intervention of interest. In such studies the focus is on
whether people who receive the intervention of interest have better out-
comes than patients who do not receive the intervention. Comparison of
outcomes in people who do and do not receive the intervention of inter-
est is thought to provide better ‘control’ of bias than case series, so these
studies are called controlled trials.

Controlled trials potentially provide control of bias because both
groups (the group that receives the intervention of interest and the group
that does not) experience natural recovery and both groups experience
statistical regression (and, depending on other features of the design,
both groups’ outcomes may be influenced by placebo effects or patients’
politeness). Therefore, it is reasoned, the differences in outcomes of the
two groups cannot be due to natural recovery or statistical regression or,
in some studies, to placebo effects or polite patients. As these sources of
bias have been controlled for, it is more reasonable to attribute differences
between the groups’ outcomes to the intervention.

A common misunderstanding is the belief that the control group in a
controlled trial must receive ‘no intervention’. This is not the case. In fact

What constitutes evidence about effects of interventions? 25

Case series and
controlled trials

H8820-Ch03.qxd  3/1/05  11:50 AM  Page 25



we can distinguish three sorts of controlled studies that differ in the
nature of intervention and control:

1. One group receives intervention and the other group receives no 
intervention.

2. One group receives standard intervention and the other group receives
standard intervention plus a new intervention.

3. One group receives a particular intervention and the other group
receives a different intervention.3

In the rest of this book we will refer, when discussing controlled trials, to the
‘intervention group’ and ‘control group’, although we acknowledge that, in
the third type of study at least, it may not be clear which group is which.

A common feature of all three designs is that differences in outcomes of
the two groups are attributed to differences in the interventions the groups
receive. Thus the first sort of study tells us about the effects of intervention
over and above no intervention. The second tells about whether there is any
benefit in adding the new intervention to standard intervention. The third
tells us which of the two interventions is most effective. All three designs tell
us something useful, but each tells us something different.

An important assumption of controlled studies is that the two groups are
comparable. That is, it is assumed that had the two groups received the
same intervention they would experience the same outcomes. When this
condition is not met (when the groups consist of subjects that are different
in some important way so that they would experience different outcomes
even if they received the same intervention) then differences between the
groups’ outcomes could be attributable, at least in part, to subject character-
istics. That is, when the groups are not comparable, differences between
outcomes of the two groups cannot be assumed to reflect solely the effects
of intervention. (This is called ‘allocation bias’ or sometimes, less accurately,
‘selection bias’. Another way of saying the same thing is to say that the
effects of the intervention are confounded by subject characteristics.)

Controlled studies can only be assumed to provide unbiased estimates of
the effects of intervention if the two groups are comparable.

In many studies, groups are self-selected. That is, the grouping occurs
naturally, without the intervention of the researcher. For example, in a study
of the effects of a movement and swimming programme on respiratory out-
comes in children with cerebral palsy, Hutzler and colleagues (1998) com-
pared outcomes of children attending two kindergartens that offered a
movement and swimming programme with outcomes of children attend-
ing two kindergartens that offered a standard land-based exercise pro-
gramme. The study found greater improvements in respiratory outcomes
among the children receiving the movement and swimming programme.
However, this study is unconvincing because it is quite plausible that the
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differences in outcomes might be due to different characteristics of the chil-
dren at the different kindergartens, rather than to the greater effectiveness
of the movement and swimming programme. In general, when groups self-
select, the groups will not have identical characteristics; some characteris-
tics of the subjects or their experiences causes them to be allocated to one
group rather than the other. If those characteristics are related to outcome,
the groups will not be comparable. Consequently, controlled trials in which
subjects self-select groups are particularly prone to allocation bias.

How is it possible to assemble two groups of comparable patients? Some
researchers try to ‘match’ subjects in treatment and control groups on
characteristics that are thought to be important. For example, in their
study of the effects of exercise on lipid profiles in children, Tolfrey and
colleagues (1998) matched children undergoing exercise with maturity-
matched children not undergoing exercise. Matching on its own is gener-
ally unsatisfactory for two reasons. First, there are limitations to the
number of variables that can be matched – it is practically impossible to
match subjects on more than two or three variables – so the groups may
not have equal distributions of other variables that were not matched.
Some statistical techniques allow the researchers to statistically match the
two groups on many more variables, although these techniques are also
limited in the number of variables that can be matched. And, anyhow, it
is still necessary to measure all of those variables on all subjects in the
study, which may not be practical.4 Moreover, we usually do not know
what all the important prognostic variables are. And if we don’t know
what is important, we can’t match the groups with respect to those vari-
ables. In general, the approach of attempting to match groups of patients
is generally unsatisfactory because we can never be satisfied that this will
produce groups that are comparable in all important respects.

There is only one way we can assemble intervention and control groups
that will give us a high probability of comparable groups, and that is to
randomize subjects to groups.

In a randomized trial, subjects agree to be allocated to either the inter-
vention or the control group. Then, when they enter the trial, a random
process (sometimes just coin-tossing, but usually a computer-generated
random process) allocates each subject to one group or the other.

Random allocation is a marvellous thing. Paradoxically, even though
each subject’s allocation is indeterminate, the effect of randomizing many
subjects is predictable. When many subjects are randomized to groups
we can expect that the groups will be comparable. Randomization protects
against allocation bias; it prevents confounding of the effects of the inter-
vention by differences between groups.
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Randomized trials

4There is another, more technical limitation of these statistical techniques. They can only
properly adjust for imbalances in prognostic variables if the prognostic variable is 
measured without error. In practice most prognostic variables, and almost all prognostic
variables measured on a continuous scale, are measured with error. As a consequence,
the statistical techniques tend to underadjust. This is called regression dilution bias.
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While randomization ensures groups will be comparable, it does not
ensure that they will be identical. There will always be small random 
differences between groups, which means that randomized trials may
underestimate or overestimate the true effects of intervention. Herein lies
another important benefit of randomization: random processes can be
modelled mathematically. This means that it is possible to determine how
much uncertainty is associated with estimates of the size of the effects of
intervention. We will look at how to ascertain the degree of uncertainty
associated with estimates of effects of intervention in Chapter 6.

There are many examples in which randomized and non-randomized
trials have examined the effectiveness of the same intervention and have
come up with different conclusions. A particularly clear example comes
in studies of extracorporeal shock therapy for treatment of plantar fasci-
itis. Several early but non-randomized studies had shown impressive
effects for extracorporeal shock therapy (for example, Chen et al 2001)
but subsequent randomized trials found that this therapy had little or no
effect (Buchbinder et al 2002, Haake et al 2003). Indeed, some data sug-
gest that this is usually the case: there is a general tendency for random-
ized trials to be less biased than non-randomized trials. Kunz & Oxman
(1998) systematically reviewed studies that had compared estimates from
randomized and non-randomized trials of effects of particular interven-
tions and found that non-randomized controlled trials tended to show
larger treatment effects than randomized trials. In contrast, systematic
reviews of individual trials by Concato et al (2000) and Benson & Hartz
(2000) found that studies with non-randomized but contemporaneous
controls produced similar estimates of effects to those of randomized trials.

The existing data are, therefore, ambivalent. While there is a substantial
body of evidence that suggests non-randomized trials tend to be biased, this
has not been unequivocally demonstrated, and there are some examples
where non-randomized trials give similar answers to randomized trials.
Nonetheless, there is a strong justification for relying on randomized trials
for evidence of the effects of intervention.5 Randomization provides the
only mechanism that is known to control allocation bias. In our opinion,
therefore, randomized trials provide the only way of obtaining estimates of
effects of interventions that can be expected to be unbiased. For this reason
we should look to randomized trials for evidence of the effects of interven-
tion. There are of course ethical and practical considerations that preclude
the conduct of randomized trials in some situations (Box 3.1); in those situ-
ations we may have to rely on less rigorous evidence.

Randomized trials come in different flavours and colours. In the sim-
plest designs, subjects are randomly allocated to either a treatment or a
control group and outcomes are measured only at the end of the trial. 
In other trials, measurements may be taken before and after the intervention
period, or at several time points during and after the intervention period.
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5Taken to its extreme, the view that only randomized trials can provide unbiased 
estimates of the effects of therapy is clearly untenable. Some interventions are obviously
effective. Smith & Pell (2003) make this case in their systematic review of ‘Parachute 
use to prevent death and major trauma related to gravitational challenge.’
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Some trials randomly allocate subjects to more than two groups,7 per-
haps a control and two intervention groups. Other trials (called factorial
trials) examine the effects of more than one intervention by randomly
allocating all subjects to receive either one intervention or its control and
then randomizing the same subjects to also receive another intervention
or its control. (For example, van der Heijden et al (1999) randomized

It is often said that some randomized trials cannot
be carried out because it is not ethical to do so.
When is it not ethical to conduct randomized trials
of the effects of interventions?

The ethics of randomized trials has been discussed
intensely for many decades. One point of view is that
it is unethical to randomize subjects to intervention
and control conditions unless the clinician is
completely ambivalent about which intervention is
the better of the two. (This is sometimes called
‘equipoise’.) One problem with the requirement of
equipoise is that it permits randomization to be
vetoed by the clinician, rather than the patient.
Arguably, decisions about the acceptability of
randomization should be made by properly informed
patients, not by clinicians (Lilford 2003). Also, it has
been argued that the requirement of equipoise is
impractical (clinicians rarely express complete
ambivalence), inconsistent with many other
apparently ethical behaviours, and not necessarily in
the individual patient’s best interests (Piantadosi
1997). A more practical and arguably more
consistent position is that randomization of properly
informed, consenting patients could be considered
provided there is not clear evidence that one
alternative is superior to the other. In our opinion it
only becomes unethical to randomize subjects to
groups when it is not plausible that, from an informed
patient’s perspective, either alternative could be the
best available therapy.6

There are some situations in which randomized
trials cannot practically be conducted (Black 1996).
Some interventions, such as the introduction of
management strategies, are conducted at the level of
organizations. In theory it may be possible to
randomize parts of an organization to receive
reforms and others not, but in most circumstances
this would be logistically impossible. Other
circumstances in which randomized trials cannot be
conducted are when the intervention involves
significant lifestyle modifications, particularly those
that must be implemented over long periods of time,
or when the outcome of interest is very rare. For
example, it may be impossible to use randomized
trials to determine if decades of regular exercise
increase longevity because few people would be
prepared to exercise regularly or not for decades on
the basis of random allocation. Also, it could be
prohibitively expensive to monitor large numbers of
subjects over decades. When the outcome of interest
is a rare event it is necessary to study large numbers
of subjects, so it is often difficult to use randomized
trials to determine the effects of interventions
designed to prevent rare events. At the other
extreme, it may be wasteful to perform a randomized
trial to investigate the effects of a simple,
inexpensive and harmless intervention that
supplements other therapies, because there may be
little to be gained from knowing of the intervention’s
effects.

Box 3.1 Ethical and practical impediments to the conduct of randomized trials

6There should be systems in place to safeguard the rights,
dignity and welfare of people participating in research. The
most common mechanism is a Research Ethics Committee
(REC) within a hospital or other health care facility.
Members of a REC are specially trained in research ethics

and often have the sort of experience that will be useful in
scrutinizing the ethical aspects of a research proposal. These
include patients and members of the public as well as health
professionals, academics and people with specific ethical
expertise.

7The groups in a clinical trial are sometimes referred to as ‘arms’. Thus a clinical trial
that compares three groups might be called a three-armed trial.
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subjects with painful shoulders to receive either interferential or sham
interferential therapy and ultrasound or sham ultrasound therapy. This
made it possible to assess the effects of both interferential therapy and
ultrasound, and the combination of both in one trial.) In randomized cross-
over trials, all subjects receive both the treatment and control conditions in
random order. (For example, Moseley (1997) randomly allocated head-
injured patients with plantar flexor contractures to receive either a period
of serial casting followed by a period of no casting or a period of no casting
followed by a period of casting.) In some types of trial (cluster randomized
trials), small groups (clusters) of subjects, rather than individual subjects,
are randomly allocated to intervention and control conditions. (For exam-
ple, in their study of over 6000 people with low back pain, Scheel and col-
leagues (2002) randomized 65 municipalities of subjects to one of two
groups.) Although the designs of these studies differ, they all have a com-
mon characteristic. All are protected from allocation bias by randomization.

Randomized trials give us probabilistic answers about average effects of
interventions: they tell us about the expectation of the effects of interven-
tion.8 But most patients are uninterested in this technical point. They
want to know: ‘Will the treatment benefit me?’ Unfortunately, random-
ized trials cannot usually tell us what the effect of intervention will be on
any individual patient.

There is, however, one way to determine if a particular treatment is ben-
eficial for an individual patient. This involves conducting a trial on that
patient. If the patient receives both the treatment and control condition in
random order it is possible to determine if the intervention is more effec-
tive than a control condition for that patient. To distinguish random effects
from real effects, both the treatment and control conditions are adminis-
tered to the subject several times, or even many times, and a comparison is
made between the average outcomes during treated and control condi-
tions. This approach, called the n-of-1 randomized design,9 has been
described in detail (Sackett et al 1991; see also Barlow & Herson 1984).

As with conventional trials, it is necessary to control for potential
sources of bias in single-subject trials. If the order of the experimental and
control treatment is randomized and the treatment assignment is con-
cealed from the patient and outcome assessor (and perhaps also the ther-
apist), the most important sources of bias are eliminated. We will discuss
these features of clinical trials in more detail, in the context of conven-
tional randomized trials, in Chapter 5.
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N-of-1 randomized
trials

8We will consider what is meant by ‘probabilistic answers about average effects of inter-
ventions’ in Chapter 6.
9There is a long history of n-of-1 trials that precedes their recent discovery in medicine. 
The methodology was extensively developed by psychologists, notably Herson & Barlow
(1984). Psychologists call these studies ‘single-case experimental designs’. But the 
terminology is used inconsistently: the term ‘n-of-1 design’ is sometimes used 
inappropriately to describe case series or case studies which do not involve experimental
alternation of treatment conditions, and the term ‘single-case experimental design’ is 
often used to described studies that are not true experiments because they do not involve
random assignment of conditions.
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As with cross-over trials, n-of-1 trials are only suitable for certain sorts
of conditions and interventions. First, the condition should be chronic,
because there is little point in conducting a trial if the condition resolves
during the trial. Also, the intervention should be one that produces only
transient effects so that when the intervention is withdrawn the condi-
tion returns to its baseline level. The beneficial effect should appear rela-
tively quickly when the treatment starts and disappear quickly when the
treatment is withdrawn, otherwise the relationship between intervention
and outcome will be obscured. As a consequence, n-of-1 trials are most
useful for palliative interventions for chronic conditions.

The physiotherapy literature contains many n-of-1 trials, but very few
are n-of-1 randomized designs. Some examples are trials of orthoses for
growing pains in children (Evans 2003) and a trial contrasting effects of
graded exposure and graded activity approaches to management of
chronic low back pain (Vlaeyen et al 2001).

The strength of n-of-1 trials is also their limitation. N-of-1 trials permit
inferences to be made about the effects of intervention on a particular
patient, but they provide no logical basis upon which the findings on a
single patient can be extrapolated to other patients. Thus n-of-1 trials are
of most use for making decisions about that patient, but may be less use
for making broader inferences about the effects of an intervention. Some
investigators replicate n-of-1 trials on a number of patients, in the belief
that this may enable broader inference about the effects of therapy.
Replication of n-of-1 trials may enable some degree of generalization.

A well-designed randomized trial can provide strong evidence of the
effects of an intervention. However, readers are entitled to be unconvinced
by a single randomized trial. With any single trial there is always the con-
cern that there was some feature of the trial, perhaps a feature that is not
apparent in the trial report, that provided aberrant results. For example,
there may have been some characteristic of the subjects in the trial that
made them unusually responsive or unresponsive to therapy. Alternatively,
the intervention may have been administered by an outstanding therapist
or, for that matter, a very unskilled therapist. We will consider these issues
at greater length in Chapter 6. For now it is sufficient to say that factors that
are not easily discerned on reading a trial report may cause an individual
trial to unfairly represent the true effects of intervention.

It is reassuring, then, when several trials have investigated the effects of
the same intervention and provide data which support the same con-
clusion. In that case the findings are said to be ‘robust’. Conversely, when
several trials produce data supporting different conclusions the findings of
any one of those trials must be considered less convincing. The combined
evidence provided by many clinical trials may provide a truer picture of
the effects of intervention than any individual trial. This is one reason why
it is best, wherever possible, to use reviews of several trials, rather than
individual trials, to answer questions about the effects of interventions.

There is another reason why reviews may provide a better source of
information about the effects of intervention than an individual clinical
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trial. Literature reviews have at their disposal all of the data from all of
the trials they review. One of the consequences of having more data is an
increase in precision – literature reviews potentially provide more precise
estimates of the size of the effects of therapy. This will be considered in
more detail in Chapter 6.

We can distinguish two types of review. In the traditional type of
review, now called a ‘narrative review’, an expert in the field locates rele-
vant studies and writes a synthesis of what those studies have to say.
Narrative reviews are attractive to readers because they often summarize
a vast literature. However, narrative reviews have fallen out of favour
because of concerns about bias.

Serious problems with narrative reviews were becoming apparent to
psychologists in the late 1970s. By that time the psychological literature
had grown to an enormous size and it had become impossible for prac-
tising psychologists to read all of the relevant studies pertaining to a par-
ticular clinical question; they were forced, instead, to rely on reviews of
the literature. But unfortunately there were examples where reviewers
had gone to the same literature and come to very different conclusions.
For example, Glass and colleagues describe three reviews, completed
within about 5 years of each other, that compared effects of drug therapy
plus psychotherapy to drug therapy alone. The reviews variously con-
cluded that ‘the advantage for combined treatment is striking’ and ‘there
is little difference between psychotherapy plus drug and drug therapy
alone’ and ‘the existing studies by no means permit firm conclusions as
to the nature of the interaction between combined psychotherapy and
medication’ (Glass et al 1981: 18–20).

It is worthwhile contemplating why the different reviewers came up
with different conclusions. One explanation is that reviewers had differ-
ent philosophical orientations that made them see the problems, inter-
ventions and outcomes in different ways. Perhaps they were attracted to
different parts of the literature and they made different judgements about
which studies were and were not important. Unfortunately, the way in
which reviewers selected studies and made judgements about study
quality was usually not transparent. This is a characteristic of narrative
reviews: the process of narrative reviews is usually inscrutable.

The inscrutability of the review process and the inconsistency of
review conclusions led to a crisis of confidence. Methodologists began to
look for alternatives to narrative reviews. In a short space of time in the late
1970s and early 1980s there was a rapid development of new methods of
conducting reviews (Glass et al 1981, Hunter et al 1982, Hedges & Olkin
1985). Soon after, these methods were discovered by medical researchers,
and they have since become widely adopted in all areas of health care,
including physiotherapy. The new approach to the conduct of reviews is
called the ‘systematic review’ (Egger et al 2001). In systematic reviews the
aim is to make the review methodology transparent to the reader and to
minimize potential sources of bias.

As their name implies, systematic reviews are conducted using a sys-
tematic and explicit methodology. They are usually easily recognizable
because, unlike narrative reviews, there is a section of the systematic

WHAT CONSTITUTES EVIDENCE?32

H8820-Ch03.qxd  3/1/05  11:50 AM  Page 32



review which describes the methods used to conduct the review.
Typically the Methods section outlines the precise review question and
describes criteria used to select studies for inclusion in the review and
methods used to assess the quality of those studies, extract data from the
studies, and synthesize findings of the studies. As the best studies of
effects of intervention are randomized trials, most (but not all) systematic
reviews of the effects of interventions only review randomized trials.10

High quality systematic reviews provide comprehensive, transparent and
minimally biased overviews of the research literature. Systematic reviews
of randomized trials often constitute the best single source of
information about the effects of particular interventions.

A particularly important source of systematic reviews of the effects of
health interventions is the Cochrane Collaboration, an international net-
work of researchers dedicated to producing systematic reviews of effects
of interventions in all areas of health care. Since its inception in 1993, the
Collaboration has produced 3440 reviews (Issue 4 of the Cochrane
Library 2004). Cochrane reviews tend to be of high quality (Jadad et al
1998), so they are a very useful source of information about the effects of
intervention. Where available, relevant Cochrane systematic reviews
often provide the best single source of information about effects of par-
ticular health interventions.

There is some inconsistency in the terminology used to describe system-
atic reviews. The first systematic reviews were called ‘meta-analyses’.
(Another name is ‘overviews’.) But over time the term meta-analysis came
to mean a class of statistical methods used in systematic reviews (Hedges
& Olkin 1985). Now the term meta-analysis is usually reserved to describe
certain statistical methods, and the term is no longer used as a synonym
for systematic reviews. In contemporary parlance, a meta-analysis is part
of a review. Meta-analysis can be part of a systematic review or part of a
non-systematic (narrative) review. The relationship between systematic
reviews, non-systematic reviews and meta-analysis is shown in Figure 3.2.

In the conventional systematic review, published data from random-
ized trials are used to make inferences about the effects of therapies.
Unfortunately, many trial reports provide incomplete data, or present
data in an ambiguous way, or present data in a way that is not easily com-
bined with or compared to other studies. To circumvent these problems
some reviewers ask the authors of individual trial reports to provide the
reviewers with raw data from the original trial. This enables the review-
ers to re-analyse the data in an optimal and consistent way. The resulting
systematic reviews of individual patient data are generally considered more
rigorous than conventional systematic reviews. There are, however, very
few systematic reviews of individual patient data relevant to physiother-
apy. (For an example, see Kelley & Kelley 2004.)
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10 In other areas, such as social policy research, most systematic reviews include non-
randomized trials.
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One concern with systematic reviews is that they are usually conducted
retrospectively. That is, the review is usually designed and conducted
after most of the relevant trials have been conducted. When this is the case
it is possible that the reviewers’ knowledge of the trials, prior to designing
the review, could influence the criteria used to select studies for inclusion
in the review, assess the quality of those studies, and extract data. A new
kind of systematic review, the prospective systematic review, has been
designed to control for these kinds of bias (for example, Sacks et al 2000).
As the name suggests, prospective reviews are designed prior to the com-
pletion of the trials that they review. This ensures that the design of the
review cannot be influenced by knowledge of trial results. Prospective
reviews of individual patient data from high quality trials potentially pro-
vide the strongest possible evidence of effects of an intervention. Unfortu-
nately, prospective systematic reviews tend to be very difficult to perform
and take many years to complete, so they are very rare. An example rele-
vant to physiotherapy is the prospective meta-analysis of the FICSIT trials
of measures to reduce the risk of falls (Province et al 1995).

In the preceding section we considered a number of sources of informa-
tion about effects of intervention. It was argued that high quality clinical
research usually provides better information about effects of intervention
than clinical observations and theory. In general, case series and non-
randomized controlled studies do not provide trustworthy sources of
information about the effects of therapy so they do not, in our opinion,
constitute substantial evidence. The best evidence of effects of interven-
tions is provided by randomized trials or systematic reviews of random-
ized trials.

There are differing points of view about whether the best evidence of
effects of a therapy is provided by a systematic review of relevant trials or
by the best individual trial. The answer must be that it depends on how
well the review and the best trial were conducted. We encourage physio-
therapists seeking answers to clinical questions to first seek systematic
reviews relevant to their questions. If the review indicates that there is
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one trial that is clearly superior to other relevant trials, it may be worth-
while consulting that trial as well.

We conclude this section on evidence of effects of intervention with a
comment about a limitation of randomized trials and systematic reviews.
The experimental control and lack of bias provided by randomized trials
and systematic reviews comes at a cost (Herbert & Higgs 2004). Freedom
from bias is achieved by quantifying differences in outcomes of subjects
in intervention and control groups. But the act of quantification pre-
cludes a deep exploration of subjects’ experiences of the intervention
(and, for that matter, their experiences of the control condition). Even in
trials which examine quality of life or perceptions of the effects of ther-
apy, trials can only provide low-dimensional descriptions of outcomes. A
deep understanding of patients’ experiences of therapy, and of a number
of other clinical phenomena, requires different research approaches. This
is the subject of the next section.
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WHAT CONSTITUTES EVIDENCE ABOUT EXPERIENCES?

Questions about effects of physiotherapy are crucial in everyday practice.
Physiotherapists and patients alike seek information about whether a
particular intervention is effective or whether one kind of intervention is
better than another. They might also want to know if an intervention
causes harmful side-effects. Heads of departments might seek informa-
tion about cost-effectiveness to help prioritize activities among staff.
Where available, evidence of effectiveness and cost-effectiveness from
high quality randomized trials should be used to inform decisions about
intervention.

But you might have other information needs as well. You might be
concerned about how to set up an interdisciplinary team to run an
asthma school, how the team should be organized, what opposition you
might meet from staff in setting up an interdisciplinary team, or how 
to handle conflicting views. You may also have questions about which 
elements of the interventions are the most important and what should be 
core content. At the same time you might like to know about the experi-
ences of children attending asthma schools, and the experiences of the
parents of those children, or how you could motivate families from
deprived areas to attend. Most of these questions cannot be answered by
clinical trials. Randomized trials and systematic reviews of randomized
trials can tell us whether interventions are effective, but not why they are
effective, what happened, how it happened or how interventions should
be implemented.

Questions such as these, about experiences, attitudes and processes,
constitute a separate class of clinical questions. How can we answer these
questions? We could start by asking our professional colleagues, or the
patients and users of health services, or we could draw on our own
observations in practice. Or we could use high quality clinical research
designed to answer these questions in a systematic way.
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You can learn a great deal by asking your patients about their experi-
ences. Skilled physiotherapists develop strategies and skills to ascertain
patients’ thoughts and values because this information is important for
everyday practice. With practice, most physiotherapists become better at
understanding how patients regard therapy, and how experiences differ
between patients. By talking and listening to patients and observing and
reflecting on what happens, skilled physiotherapists learn to better inter-
act and communicate with their patients, and they develop a better
understanding of their patients’ feelings and perceptions.

However, if you really need to explore a social phenomenon, or dig
deep into a question that involves feelings or experiences, there are limi-
tations to what you can find out from clinical observations. Two import-
ant limitations are time and resources. Deep exploration of experiences 
is difficult in the course of everyday clinical practice. An alternative to
relying on clinical observations is to look for relevant high quality clinical
research.

Questions about experiences are best answered by qualitative methods.

Qualitative research methods, also called methods of naturalistic inquiry,
were developed in the social and human sciences and refer to theories on
interpretation (hermeneutics) and human experience (phenomenology)
(Malterud 2001). Qualitative methods are useful for the study of human
and social experience, communication, thoughts, expectations, meanings,
attitudes and processes, especially those related to interaction, relations,
development, interpretation, movement and activity (Malterud 2001).
Often an aim is to understand the meaning that underpins behaviours.

Qualitative methods can be used to address a diverse spectrum of clini-
cal questions. In this book we refer to those questions as questions about
‘experiences’. This term is used as a shorthand for referring to many sorts
of questions, including questions about communication, thoughts,
expectations, meanings, attitudes and behaviours.

Qualitative research paradigms are rooted in a different philosophical
tradition to quantitative research. Consequently, qualitative and quanti-
tative research methods provide complementary ways of understanding
the world (Herbert & Higgs 2004). Qualitative research focuses on
‘understanding the complex world of lived experience from the point of
view of those who live it’ (Jones 1995). It is concerned with understand-
ing the views of those being researched. Typically these studies answer
questions relating to ‘how’ and ‘why’ and ‘what is it like’. Answering
these sorts of questions requires moving beyond an objective view of the
world. Unlike quantitative research, which may aim to find out about
‘the’ truth, qualitative research aspires to understand a variety of truths.
So qualitative and quantitative research methods are based on different
ways of knowing, and they produce different types of knowledge (Seers
1999).

The term ‘qualitative methods’ is an umbrella term for a range of
approaches and strategies for collecting, analysing and interpreting

WHAT CONSTITUTES EVIDENCE?36

CLINICAL
OBSERVATION

CLINICAL RESEARCH

H8820-Ch03.qxd  3/1/05  11:50 AM  Page 36



data. Each has its own philosophical perspective and its own
methodologies.

Gibson and Martin’s useful overview of research questions and qualitative
approaches is shown in Table 3.2 (Gibson & Martin 2003). For further read-
ing see Pope & Mays (2000). Data may be collected by use of in-depth inter-
viewing with individuals or groups (focus groups), through observation
with or without the participation of the observer, by keeping field notes, by
means of open-ended survey questions, or from action research, where
data sources are multiple and complex (Malterud 2001).

Qualitative research can contribute to evidence-based practice in a
number of ways. It can challenge taken-for-granted practices, illuminate
factors that shape client and clinical behaviour, suggest new
interventions based on clients’ experiences, identify and evaluate
optimal measures of care, enhance understanding of organizational
culture and the management of change, and evaluate service delivery
(Popay et al 1998).

Common areas of research relevant to clinical practice include the motives,
assumptions and perceptions of individuals and groups, and interactions
between individuals or between groups. A topic of particular importance
is the influence of patient–physiotherapist relationships on health care
outcomes. Many studies of patient–physiotherapist relationships have
demonstrated the importance of effective communication skills within
physiotherapy (Klaber-Mofett & Richardson 1997, Potter et al 2003). Such
studies can suggest ways of improving therapeutic relationships.

Another area in which qualitative research methods have been widely
used in physiotherapy is in the development of theory. An important part
of this research has used qualitative research to inform theories of occu-
pation, particularly about the processes of generating practice knowl-
edge and professional knowledge. We regard this kind of research as
important for developing professional practice and clinical expertise but,
in the main, this research does not address questions that arise in every-
day clinical practice. Physiotherapists in clinical practice will probably
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Research question Qualitative approach Common methods

What is the meaning Phenomenology In-depth interviews
attached to this (philosophy) Analysis of personal writings
phenomenon?

What is life like for this Ethnography Participant observation
group? (anthropology) Formal and informal interviews

Video or photographic analysis

What is happening? Grounded theory In-depth interviews
Why is it happening? (sociology) Focus groups

What are they Discourse analysis Document analysis
communicating? How are (sociology, linguistics)
they communicating?

Table 3.2 Research
questions and qualitative
approaches (Gibson & Martin
2003)
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find the most immediately useful qualitative research is that which
explores patients’ health-related perceptions and feelings, particularly
those that are a consequence of physiotherapy interventions.

By combining qualitative and quantitative research methods the short-
comings of both approaches can be offset. Consequently it is not surpris-
ing that many research projects combine qualitative and quantitative
methods. Morgan (1998) classifies combinations of qualitative and quan-
titative research into four categories: preliminary qualitative methods in
a quantitative study, preliminary quantitative methods in a qualitative
study, follow-up qualitative methods in a quantitative study and follow-up
quantitative methods in a qualitative study. Qualitative research may be
conducted prior to quantitative research to set the direction for explor-
ation with quantitative methods, or as follow-up to quantitative studies,
where it can aid in interpretation. Researchers frequently use qualitative
methods to develop projects, interventions and outcome measures.
Before carrying out a survey, qualitative methods are often used to
develop a questionnaire, and in-depth interviews can be used to identify
attitudes and barriers to phenomena (such as regular exercise) before the
development of an intervention that aims to influence it.

Some qualitative research that accompanies quantitative research is
not of immediate clinical importance; its primary importance is that it
provides insights for researchers into requirements for design and analy-
sis. But other qualitative research is directly relevant to clinical decision-
making because it provides insights into the way in which an
intervention is experienced by those involved in developing, delivering
or receiving the intervention. Qualitative research can also help identify
which aspects of the intervention are valued, or not, and why (Cochrane
Qualitative Research Methods Group & Campbell Process Implementation
Methods Group 2003). So it can be useful to read both a study evaluating
the effects of an intervention and a complementary study exploring par-
ticipants’ experiences of the intervention.

Such studies can also help by explaining why some patients do not
‘comply’ with intervention. This information can be used to tailor inter-
ventions to individual needs. For example, researchers evaluating 
the effectiveness and cost-effectiveness of a progressive exercise pro-
gramme for patients with low back pain carried out a study that explored
associations between factors that influence changes in physical activity
and the way individuals perceive and behave with their low back pain,
and the impact of those perceptions and behaviours on physical activity
(Keen et al 1999). The study found that an aversion to physical activity
and fear of pain were the two main factors that hindered increases in
physical activity, even though the majority of informants believed
strongly that being physically active was beneficial. The study suggests it
may be helpful to identify an aversion to physical activity or fear of pain
at the earliest stage in order to tailor advice accordingly.

Another example of how qualitative research can complement quan-
titative research comes from a study of a sports injury prevention 
programme. The study sought to describe lessons learned from the
implementation of a rugby injury prevention programme carried out as a
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cohort study (Chalmers et al 2004). Qualitative research methods, includ-
ing informant interviews, participant observation and the scrutiny of
written, visual and archival material, were used to describe the process of
implementation of the programme. Among the lessons learned were the
difficulties in implementing complex interventions, the advantages of a
formal agreement between partners in the implementation of a pro-
gramme, the central role played by coaches in promoting injury preven-
tion strategies, and the value of describing the process of implementation
and monitoring injury outcomes and changes in knowledge, attitudes
and behaviour. The authors suggested that professionals wishing to
develop injury prevention programmes in other sports could learn from
these experiences.

Qualitative research can influence how outcomes are measured and
interpreted, as in a trial that tested the effect of a package of physiother-
apy interventions for patellofemoral osteoarthritis. This study identified
discrepancies in outcomes assessed with qualitative in-depth interviews
and a quantitative questionnaire (Campbell et al 2003). The lack of agree-
ment between the two measures provided some insights into how inter-
ventions benefit patients, how clinicians could measure outcomes of
therapy, and the need for patient-centred outcome measures. It is obvious
that this knowledge is of importance for researchers and teachers, and for
promoting new high quality studies, but it might also be helpful to clin-
icians by suggesting relevant dimensions of health outcome measures.

There are other areas of qualitative research that are highly relevant to
practice. Studies that have as their objective to understand clients’ health-
related perceptions and explore patients’ experiences with therapy can be
very useful. For example, a study describing how parents experienced liv-
ing with a child with asthma uncovered four main themes related to man-
agement of asthma (Trollvik & Severinsson 2004). One important finding
was that parents felt they were not respected by health professionals and
that their competence was questioned. The findings emphasize the import-
ance of a mutual dialogue between health care professionals and parents
to enable parents to develop the competence necessary for the care of their
children. Another study explored how the process of discharge from
physiotherapy following stroke was managed and experienced by
patients and physiotherapists (Wiles et al 2004). The study found that
patients’ expectations and optimism about recovery were not confronted
at discharge. The notion of natural recovery that was raised with patients
by physiotherapists at discharge, and the information physiotherapists
gave about exercise post-discharge, had the effect of maintaining patients’
high expectations and hopes for recovery. This might suggest that physio-
therapists can make a positive contribution to the process of adaptation
and adjustment that stroke survivors experience following discharge.

Qualitative research can also form a basis for developing patient infor-
mation based on patients’ information needs. Much information has been
developed over the years based on health professionals’ perceptions of
patients’ needs without asking patients themselves what they perceive
their needs to be. By integrating valid and relevant results from research
carried out with qualitative methods into clinical practice, physiotherapists
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may be more able to understand their patients, develop empathy and
understanding with them, and convey relevant information to them. Two
examples of studies that can inform provision of health information are
projects designed to develop patient information for people with low
back pain (Skelton et al 1995, Glenton 2002). These studies concluded that
patient information should be presented in the user’s own language, at
several levels of understanding, and should include both evidence-based
and experienced-based knowledge.

Importantly, while qualitative research gives insights into attitudes to
and experiences of therapy and prevention, this evidence cannot provide
definitive answers to questions about effects of interventions. There is a
particular danger in using research that is designed to answer ‘what’ and
‘why’ questions as justification for a particular intervention. For example,
evidence that patients with low back pain enjoy massage should not neces-
sarily be interpreted as indicating that massage should be used to treat
back pain. It is often easy to ‘jump’ directly from information about experi-
ences and attitudes to making inferences about practical interventions.
Such interpretations should be made carefully.

If clinicians are going to use qualitative research in decision-making, the
findings of qualitative research need to be accessible and aggregated in a
meaningful way. Summaries of existing studies facilitate the dissemin-
ation of findings of qualitative research. Gibson & Martin (2003) have
called for international collaboration among qualitative researchers to
develop methods for meta-synthesis and the translation of evidence into
practice. This is difficult because there are many challenges in combining
different philosophical approaches in qualitative research syntheses.

There is extensive work going on to integrate studies with qualitative
methods into systematic reviews of interventions. The Cochrane Colla-
boration has established a methods group, the Cochrane Qualitative
Methods Group, focusing on the inclusion of evidence from qualitative
studies into systematic reviews (Cochrane Qualitative Research Methods
Group & Campbell Process Implementation Methods Group 2003). The
group argues that studies of qualitative methods can provide insight into
‘internal’ factors, including aspects of professional, managerial or consumer
behaviour, and ‘external’ factors such as policy developments, which facili-
tate or hinder successful implementation of a programme or service and
how it might need to be adapted for large scale roll-out. Such studies can
also generate qualitative data on the outcomes of interventions.

The findings from qualitative research studies can therefore help to
answer questions about the impact, appropriateness and acceptability of
interventions and thus enhance the scope, relevance and utility of
effectiveness reviews (Cochrane Qualitative Research Methods Group &
Campbell Process Implementation Methods Group 2003).

The Cochrane Collaboration’s ‘sister’ organization, the Campbell
Collaboration, which aims to prepare systematic reviews of social and
educational policies and practices, is currently investigating how to
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review studies of qualitative methods that have evaluated health pro-
grammes and health service delivery. Some organizations have pub-
lished reports that integrate qualitative research with trials in systematic
reviews (Thomas et al 2004). An example is a review of the effects of inter-
ventions to promote physical activity among children and young people.
The review includes an overview of the barriers and motivators extracted
from qualitative research (EPPI-Centre 2003).
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WHAT CONSTITUTES EVIDENCE ABOUT PROGNOSIS?

Often our patients ask us when or if or how much their condition will
improve. These are questions about prognosis. How can we learn to
make accurate prognoses?

In general we can obtain information about prognosis from clinical
observation and from clinical research. We consider these in turn.

One source of information about prognosis is clinical observation.
Experienced clinicians accumulate many observations of patients with a
particular condition over the course of their careers. Some therapists may
be able to distil their experiences into an accurate statement about typical
outcomes. That is, some physiotherapists gain accurate impressions of
the prognosis of conditions they see. Astute physiotherapists may go one
step further. They may be able to see patterns in the characteristics of
patients who subsequently have good outcomes and those who do not.
In other words, some physiotherapists may develop the ability to recog-
nize prognostic factors.

Several factors make it difficult for physiotherapists to generate accu-
rate estimates of prognosis or the importance of prognostic factors from
their clinical observations. First, we are often particularly interested in
long term prognoses, and many physiotherapists do not routinely see
patients for long term follow-up. Second, follow-up is usually conducted
on a subset of patients, rather than on all patients, and the subset on
whom follow-ups are conducted may not be representative, in terms of
their prognoses, of all patients initially seen by the physiotherapist.
Lastly, in order to obtain reasonably accurate estimates of the prognoses
of some conditions, it may be necessary to see several hundred patients
with the condition of interest, and, if the condition is not very common,
few physiotherapists may ever see enough of the condition to gain accu-
rate impressions of the prognosis (de Bie 2001). For these reasons, deriving
prognoses for particular patients or conditions often necessitates supple-
menting clinical experience with clinical research.

The requirements of a good study of prognosis are less stringent than the
requirements of a good study of the effects of intervention. To generate
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good information about prognosis, researchers must identify a group of
people with the condition of interest and see how those peoples’ condi-
tion changes over time. Such studies are called longitudinal studies – the
term ‘longitudinal’ implies that observations on any one subject are
made at more than one point in time.

The particular type of longitudinal study that involves observing rep-
resentative samples of people with specific characteristics is called a
‘cohort’ study. Here the term ‘cohort’ simply refers to a group of people
with some shared characteristics, such as a shared diagnosis. In many,
but not all, cohort studies there is more than one cohort. Thus, in most
cohort studies the researchers identify two or more groups of people, per-
haps with the same diagnosis but differing clinical presentations, and 
follow them over time. These sorts of studies can provide us with 
information about prognosis, and may also provide us with information
about how we can refine the prognosis based on certain prognostic 
factors.

If the cohorts are identified before the follow-up data are obtained (that
is, if subjects are followed forwards in time) then the study is a ‘prospective
cohort study’.11

Prospective cohort studies are a particularly useful source of
information about prognosis.12

In other sorts of cohort studies, follow-up data are obtained before the
cohort is identified. For example, outcome data may have been collected
in the course of routine clinical care and archived in medical records
before the researcher initiated the study. In that case the researcher can
extract follow-up data that pre-existed identification of the cohort. Such
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11Some authorities make a slightly different distinction between prospective and 
retrospective studies. According to Rothman & Greenland (1998), prospective studies
are those in which exposure status is measured prior to the onset of disease. We prefer
to define prospective studies as those in which the cohort is identified prior to the 
measurement of outcome because this definition is more broadly applicable: it applies
just as well to studies of prognosis (where exposure might be of no interest, and where
we may be interested in the evolution of the severity of disease) as it does to studies of
aetiology.
12Prospective cohort studies are often also the best design for answering another sort of
question: questions about aetiology (or ‘harm’). Questions about aetiology concern what
causes disease. (That is, they identify factors that are the last-satisfied component in a
series of components necessary for the disease; Rothman & Greenland 1998).
Establishing causation is more difficult than describing or predicting outcomes. And
although understanding aetiology is important for the development of interventions, 
it is of less immediate importance to clinical practice than obtaining accurate prognoses.
This is because even if we know about risk factors it is not always obvious how to
change those risk factors, nor is it necessarily true that changing the risk factors will
substantively reduce risk. We will not consider questions about aetiology any further in
this book.
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studies are called ‘retrospective cohort studies’. Sometimes retrospective
cohort studies can also provide us with useful prognostic data.

An example of a prospective cohort study was reported by Albert et al
(2001). These authors monitored the presence or absence of pelvic pain in
405 women who had pelvic pain at 33 weeks of pregnancy. In this study,
each subject was identified as eligible for participation in the study before
her outcome measures were obtained, so this was a prospective cohort
study. In contrast Shelbourne & Heinrich (2004) performed a retrospec-
tive cohort study to determine the prognosis of patients with meniscal
tears that were not treated at the time of knee reconstruction for anterior
cruciate ligament injury. Outcome data were obtained from a database of
clinical outcomes measured over a 13-year period prior to the study. As
these data were obtained prior to identification of the cohort, this study
was retrospective.

We can obtain information about prognosis from other sorts of longitu-
dinal studies too. Another sort of longitudinal study design that can pro-
vide information about prognosis is the clinical trial. Clinical trials are
designed to determine the effects of intervention but they almost always
involve longitudinal observation of specific cohorts. Even though the aim
of clinical trials is to determine the effects of intervention, they can some-
times generate useful information about prognosis along the way.

The fact that prognostic information exists incidentally in some studies
that are designed with a different purpose means that the authors of a clini-
cal trial may not even appreciate that the study contains prognostic infor-
mation. So prognostic information may be buried, unrecognized and
hidden, in reports of clinical trials.13 This makes finding prognostic infor-
mation more difficult than finding information about effects of intervention.

Importantly, clinical trials do not have to be randomized trials to pro-
vide prognostic information. They do not even have to be controlled
trials. Studies of the effects of intervention must have control groups to
distinguish the effects of intervention from the effects of other variables
that affect outcomes, but studies of prognosis do not require control
groups because the aim of studies of prognosis is not to determine what
caused the outcome, just to describe what the outcome is.

An example of a clinical trial that contains useful information about
prognosis is a randomized trial of the effects of specific stabilizing exercises
for people with first-episode low back pain (Hides et al 2001). The pri-
mary aim of this study was to determine the effectiveness of a particular
type of exercise, so subjects were randomly allocated to a group which
exercised or a group that did not. But because this study followed subjects
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Clinical trials

13Another reason that prognostic information may be hard to find is that many
researchers are more interested in prognostic factors (factors that are related to 
prognosis) than in the prognosis itself. Consequently many research reports contain
detailed presentations of information about prognostic factors but little or no 
information about the prognosis.
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for 3 years it incidentally provides information about the 3-year progno-
sis for people with first-episode low back pain.

Some authors have reviewed the literature on prognosis for particular
conditions. As with narrative reviews of effects of interventions, narra-
tive reviews of prognosis are prone to the same sorts of biases as narra-
tive reviews of the effects of intervention. Consequently, over the last
decade, methodologists have begun to develop methods for conducting
systematic reviews of prognosis. (See, for example, Altman 2001.)14

High quality systematic reviews potentially provide us with a
transparent and minimally biased overview of all the best data on the
prognosis of a particular condition, so, when they are available, they
may constitute the best single source of information about the
prognosis for that condition.

Some recent examples of systematic reviews of prognosis are those by
Scholten-Peeters et al (2003), on the prognosis of whiplash-associated dis-
orders, and Pengel et al (2003), on the prognosis of acute low back pain.

In summary, we can obtain information about prognosis from prospec-
tive and retrospective cohort studies and clinical trials, or from systematic
reviews of these studies. Of course, not all such studies provide good
information about prognosis. In Chapter 5 we shall examine how to dif-
ferentiate high quality and low quality information about prognosis.
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WHAT CONSTITUTES EVIDENCE ABOUT THE ACCURACY OF DIAGNOSTIC  
AND SCREENING TESTS?

How can we get good information about the accuracy of diagnostic tests?
We could rely on clinical observations or we could consult the research
literature.

To find out about the accuracy of a diagnostic test we need to apply the
test to many people and then see how well the test’s findings correspond
with what subsequently proves to be the correct diagnosis. It may be pos-
sible to do this in routine clinical practice but more often than not cir-
cumstances conspire to make it difficult to obtain unbiased estimates of
the accuracy of diagnostic tests in the course of routine clinical practice.
Why is that so?

In routine clinical practice the true diagnosis may be obtained from
subsequent investigations. For example, a clinician’s impressions about

CLINICAL
OBSERVATION

14The chapter by Altman (2001) is primarily concerned with studies of prognostic 
factors, rather than prognosis itself. Nonetheless much of it is relevant to systematic
reviews of prognosis.
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the presence of a rotator cuff tear, based on tests such as O’Brien’s test,
may subsequently be confirmed or refuted by arthroscopy. Usually, how-
ever, information about the correct diagnosis is not routinely available,
because usually not all patients are subjected to subsequent investigation.
Consequently, clinical observations of the concordance of clinical tests
and the true diagnosis are almost always based on a (sometimes small)
subset of patients that are tested. Insofar as it is possible that the accuracy
of the diagnostic test may be higher or lower in that subgroup, clinical
observations of the accuracy of the diagnostic test may underestimate or
overestimate the accuracy of the test. This makes it difficult to generate
accurate estimates of diagnostic accuracy on the basis of unstructured
clinical observations alone.

Better estimate of the accuracy of diagnostic tests may be obtained
from high quality clinical research.

Like clinical observations, clinical studies of the accuracy of diagnostic
tests involve applying the test to many people and then determining how
well the test’s findings correspond with the correct diagnosis. Such study
designs are usually called cross-sectional studies, to distinguish them
from longitudinal studies. Studies of the accuracy of diagnostic tests are
cross-sectional studies because they are concerned with how accurately a
test can determine if a disease or condition is present at the time the test
is conducted (Knottnerus 2002).

In cross-sectional studies of diagnostic tests, a group of subjects is sub-
jected to the test of interest. We will call this the clinical test. The same
subjects are also tested with some other test that is thought to establish
the true diagnosis. The test used to establish the correct diagnosis is often
called the ‘gold standard’ or ‘reference standard’ test. Reference stand-
ards are often tests that are more invasive or more expensive than the
clinical test that is the subject of the research. For example, a recent study
compared the findings of a range of simple clinical tests for lumbosacral
nerve root compression in people with sciatica (questions such as
whether pain was worse in the leg than in the back, straight leg raise test,
weakness, absence of tendon reflexes, and so on) with the findings of
magnetic resonance imaging (MRI; Vroomen et al 2002). In this study,
MRI was the reference standard.

Sometimes the reference standard is hindsight, because the true diag-
nosis only becomes apparent with time. An example is provided by stud-
ies of ‘red flags’ used in the assessment of low back pain (Deyo & Diehl
1988). Red flags such as recent unexplained weight loss may be sugges-
tive of cancer. But there is no satisfactory reference standard for immedi-
ate diagnosis of cancer in people presenting with low back pain. It is
possible that some sorts of cancer might not be easily detected, even with
invasive or expensive diagnostic tools. The diagnosis might only be
established some time later when the disease has advanced. In that case
the reference standard may involve extended monitoring of patients. The
correct diagnosis at the time of the initial test might be considered to be
cancer if extended follow-up subsequently detects cancer, and the diagnosis
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is considered to be something other than cancer if extended follow-up does
not detect cancer.15,16

Two sorts of cross-sectional studies can be distinguished, based on
how the researchers go about recruiting (‘sampling’) subjects for the
study. The most useful sorts of studies seek to sample from the popula-
tion of subjects suspected of the diagnosis. For example, the study of clini-
cal tests for lumbosacral nerve root compression cited above (Vroomen 
et al 2002) recruited subjects with back pain radiating into the leg because
this is the population in whom the diagnosis of lumbosacral nerve root
compression is suspected. As expected, MRI subsequently confirmed
nerve root compression in some but not all subjects. The true diagnosis
for each subject was not known until after the subject entered the study.
Such studies are sometimes called, somewhat confusingly, ‘cohort studies’.17

In an alternative approach, the researchers recruit two groups of sub-
jects: one group consists of subjects who are thought to have the diagno-
sis, and the other group consists of subjects thought not to have the
diagnosis. For example Bruske et al (2002) investigated the accuracy of
Phalen’s test for diagnosis of carpal tunnel syndrome by recruiting two
groups of subjects: one group had clinically and electromyographically
confirmed carpal tunnel syndrome and the other was a group of volun-
teers who did not complain of any hand symptoms. The researchers
sought to determine if Phalen’s test could accurately discriminate
between the two groups of subjects. Studies such as these are sometimes
called ‘case–control’ studies, although again the terminology is a little
confusing. In Chapter 5 we shall see that cohort studies provide a much
better source of information about the accuracy of diagnostic tests than
case–control studies.

Theoretically, we could use randomized trials to tell us about diagnostic
tests. Trials do not necessarily tell us about the accuracy of diagnostic
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Randomized trials

15Technically, such studies are cross-sectional studies and not, as it first appears, 
longitudinal studies, even though they involve following patients over time
(Knottnerus 2002). This is because the focus of the study is the test findings and 
diagnosis at the time that the initial test was conducted. In studies of diagnostic tests,
extended follow-up is intended to provide information about the diagnosis at the 
time of the initial test, not the subsequent prognosis.
16One problem with diagnostic test studies in which the reference standard involves
extended follow-up is that the disease may develop between the time of the initial 
testing and the follow-up. This would cause the study to be biased in the direction 
of making the test appear less accurate than it really is.
17The application of the terms ‘cohort study’ and ‘case–control study’ to cross-
sectional studies is confusing because many people think of cohort studies and
case–control studies as types of longitudinal studies. Epidemiologists who apply the
terms ‘cohort study’ and ‘case–control study’ to cross-sectional studies of diagnostic
tests argue that the essential characteristic of cohort studies and case–control studies is
the method of sampling. In cohort studies the researcher seeks to sample in a 
representative way from the population about which inferences are to be made. In
case–control studies of diagnostic tests the researcher intentionally samples separately
from two populations: a population with the diagnosis and a population without the
diagnosis.
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tests, but they can tell us about the effects of using a diagnostic test on
patients’ outcomes.

The principle of using randomized trials to investigate the effects of
diagnostic tests is simple. Subjects are randomly allocated to groups that
either receive or do not receive the diagnostic test of interest18 and the
outcomes of the two groups are compared. If the test provides accurate
diagnostic information that supports better decisions about manage-
ment, this will be reflected in better health outcomes in the group that is
tested. On the other hand, if the diagnostic test does not provide accurate
information, or if it does provide accurate information but that informa-
tion does not contribute to better management, the tested group will not
have better outcomes.

Several randomized trials have been conducted to determine the value
of routine X-rays in primary care of people with low back pain. In the 
trials by Kerry et al (2000) and Miller P et al (2002), patients presenting to
general medical practitioners with low back pain were either routinely
referred for X-rays or not, and the outcomes of the two groups (such as
disability, subsequent medical consultations and health care costs) were
compared.

We can differentiate two sorts of diagnostic testing. The first is the testing
we considered in the preceding section: the test is applied when people
present with a particular problem and we use the test to determine a
diagnosis to explain that problem. A second sort of test is a screening test.
Screening tests are tests that we apply to people who we have no particular
reason to suspect of having the diagnosis. The screening may be practice-
based (for example, patients presenting with low back pain may be
screened for depression; Levy et al 2002) or it may be part of a community-
based programme (for example, in some countries adolescent girls are
screened for scoliosis in school-based screening programmes; Yawn et al
1999). The potential value of screening is that it makes it possible inciden-
tally to detect disease early. And for some diseases early detection may
enable more effective management.

Screening programmes are best evaluated with randomized trials
because randomized trials provide information about the end-benefit of
screening. The screening test will only produce demonstrable beneficial
effects if it is capable of accurately detecting the condition of interest and
detection occurs significantly earlier than it otherwise would and early
detection means that intervention can be more effective and these benefi-
cial effects are not outweighed by the harm produced by false-positive
and false-negative screening tests.

Most of the randomized trials of diagnostic procedures have been trials
of medical screening tests. Some important examples are randomized trials
of the effects of mammogram screening for breast cancer and PAP smears
for cervical cancer (Miller AB et al 2002, Batal et al 2000). Clinical trials of
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18Alternatively, both groups could be tested but the results of the tests made available
for only one group.
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screening tests usually have to study very large numbers of patients, so they
are often very expensive. Consequently there are very few randomized 
trials of diagnostic or screening tests used by physiotherapists – possibly
none! Until randomized trials are conducted, many physiotherapists will
continue to screen for a range of conditions in the absence of evidence of a
beneficial effect. (An example is the practice, in some countries, of screening
first-grade school pupils for clumsiness or minimal cerebral dysfunction.)

As there are very few randomized trials of screening tests in physio-
therapy, this book will concentrate on evaluating studies of diagnostic
test accuracy, and we will not consider randomized trials of screening
tests further. In the next few years we hope to see the publication of ran-
domized trials of screening tests used by physiotherapists.

In recent years the first systematic reviews of studies of the accuracy of
diagnostic tests have been published. Examples are systematic reviews of
tests for anterior cruciate ligament injury (Scholten et al 2003), the Ottawa
ankle rules (Bachman et al 2003), and tests for carpal tunnel syndrome
(d’Arcy et al 2000). Like systematic reviews of studies of the effects of
intervention or of prognosis, systematic reviews of studies of the accu-
racy of diagnostic tests potentially provide transparent and unbiased
assessments of studies of diagnostic test accuracy, and some provide 
precise estimates of test accuracy, so they potentially provide the best 
single source of information about the accuracy of diagnostic tests. The
Cochrane Collaboration has recently established a group to systemat-
ically review studies of the accuracy of diagnostic tests.

Enough talk. It’s time for some action. Let’s find some studies with
which to answer our clinical questions.
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OVERVIEW

Having formulated a clinical question it is possible
to start looking for relevant evidence. This 
involves searching electronic databases. Searches of
the world wide web using generic search engines
such as Google or Yahoo will usually fail to find
most relevant evidence. Evidence of effects of
interventions is best found on PEDro or the
Cochrane Library. Evidence of experiences is 

best found using CINAHL or PubMed. And evidence
of prognosis or the accuracy of diagnostic tests is
best found using the Clinical Queries function in
PubMed. Regardless of what database is 
searched, it is important to select search terms
carefully, and combine search terms in a way that
ensures the search is optimally sensitive, specific
and efficient.
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In this chapter we explore how to find evidence that can be used to answer
questions about the effects of therapy, experiences, prognosis and diagnosis.

Finding evidence involves searching computer databases of the health
care literature. The chapter suggests databases to search and search strat-
egies for each database. At the end of the chapter we consider how you
can obtain the full text of the studies you have identified.

Databases come and go. And some databases are more accessible than
others. We are mindful that suggestions about which database to search
can quickly become obsolete, and that some readers will have access to
more databases than others. For this reason we have chosen to recom-
mend a small number of widely available databases. Wherever possible
we recommend databases that can be accessed without subscription. We
also recognize that the ability to access libraries and the internet varies
enormously between therapists and across countries. Therefore we sug-
gest a number of mechanisms for obtaining full text. Unfortunately, access
will remain difficult for some.

The purpose of this chapter is to help busy clinicians find answers 
to their clinical questions. It is not intended as a guide for researchers or
systematic reviewers. Clinicians need to treat patients, so, unlike syste-
matic reviewers, they do not have the time needed to perform exhaustive
searches of the literature. They should perform searches that are efficient,
but not comprehensive. Consequently our goal in this chapter will be to
identify strategies for finding good evidence that pertains to a clinical
question (ideally, the best evidence) in as short a time as possible. We will
not try to find all relevant evidence.

Efficient searching means performing sensitive and specific searches.
By sensitive, we mean that the search finds most of the relevant studies.
By specific we mean the search does not return too many irrelevant studies.
A sensitive and specific search finds all of the relevant records, but only
relevant records; it does not find lots of ‘junk’.

You may want to read this chapter with an internet-connected com-
puter at hand. That way you can use databases and search strategies as
they are presented. Try using each database and search strategy to search
for questions relevant to your clinical practice.

Keep in mind that the aim is to do quick and efficient searches.
Sometimes your search will quickly yield what you are looking for.
Sometimes you will have to follow a few false leads before finding a gem.
And sometimes your search will yield nothing. A temptation, especially
for those with more obsessive traits, is to search through screen after
screen of many hundreds of studies in the hope of finding something
worthwhile. Try to resist the temptation! If your search returns hundreds
of hits, refine your search so that you need sift through a smaller number
of hits. If you don’t find evidence that relates to your question reasonably
quickly, give up and resign yourself to the fact that the evidence either
does not exist or you were unable to find it without difficulty. It is unpro-
ductive and discouraging to search fruitlessly. You can spend a long time
looking for something that is not there.

FINDING THE EVIDENCE52
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Like all skills, literature searching improves with practice. If you are
inexperienced at searching the literature you may find your initial
attempts time-consuming and frustrating. (Your searches may be insensi-
tive or non-specific.) Don’t be discouraged. With practice you will
become quicker and more able to find the best evidence. A reasonable
goal to aspire to, at least with a fast internet connection, is to be able to
routinely find the best available evidence in 3 minutes.

Some readers will be able to enlist the help of a librarian when search-
ing. If you have this opportunity, take advantage of it. The best way to
learn how to conduct efficient searches is to observe a skilled librarian
conduct searches and then have the librarian give you feedback on your
own search strategies.

The world wide web has become an invaluable source of information. 
It contains information on everything from election results in Paraguay
to how to build an atomic bomb. Internet-savvy people, when confronted
with almost any question, will open up a web browser and search the
world wide web with a search engine like Google or Yahoo.

Google and Yahoo provide a very convenient way to find film reviews
and phone numbers, but they are a very poor way of finding high quality
clinical research. Most sites containing high quality clinical research cannot
be searched by these search engines. Generic search engines such as Google
and Yahoo do not provide a useful way of searching for high quality clinical
research because they fail to detect most relevant research. If you want to
find high quality clinical research you will need, instead, to search special-
ist databases of health sciences literature. A range of these databases exist,
and each is particularly suited to finding evidence pertaining to particular
sorts of questions. Later in this chapter we will consider which database
should be searched to answer each of our four types of clinical questions,
and we will look at database-specific search strategies. But first it is useful to
explore some generic issues that apply to searching of all databases.

Regardless of what sort of question you are seeking answers to and what
sort of database you search, you will need to select search terms. That is, you
will need to specify words that tell the database what you are searching for.

Herein lies the art to efficient searching. Carefully selected search
terms will usually find a manageable number of relevant studies. A
poorly constructed search may return thousands of studies or none at all,
or it may return studies that are irrelevant to your question. Search terms
should be selected carefully.

Think through the following steps before typing search terms:

1. First, identify the key elements of your question (see Chapter 2). If the
question was ‘Does weight-supported training improve walking per-
formance more than unsupported walking training following stroke? ’,
the key elements might be weight-supported training, walking performance
and stroke.

2. Now think about which of those key elements are likely to be uniquely
answered by the studies you are interested in. There are likely to be
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many studies on stroke, and many studies on walking, but few on
weight-supported training. Consequently a search looking for studies
about weight-supported training is likely to be more specific than a
search for studies about stroke or walking.

3. Lastly, think about alternative terms that could be used to describe
each of the key elements.

Weight-supported training could be described as ‘weight supported
training’ or ‘weight-supported training’ (note the hyphen) or ‘training
with weight support’ or ‘weight-supported walking’ or ‘walking with
weight support’, and so on – these synonyms, and most other alterna-
tive terms for weight-supported training, contain the word ‘weight’,
suggesting that ‘weight’ may be a good search term.

Alternative search terms for walking include ‘walking’, ‘gait’, and
perhaps ‘ambulate’, ‘ambulation’ and ‘ambulating’. As at least three
distinctly different terms are used to describe walking it is a little 
more difficult to search for studies using the key element of walking.
The same difficulty is found in searches for studies on stroke, 
because a stroke can also be called a cerebrovascular accident, or 
cerebro-vascular accident (again, note the hyphen) or CVA. The best
search terms are those which have few, quite similar, synonyms.

Sometimes a particular search term is uniquely associated with the
search question and has few synonyms. Then the search strategy is obvi-
ous. For example, if you wanted to know ‘Does the Butenko technique
reduce the incidence of asthma attacks in children? ’, you could use the
term ‘Buteyko’ because it is likely to be more-or-less uniquely associated
with your question; there are few, if any, synonyms for ‘Butenko’.

Most databases have the facility to use wild cards to identify word vari-
ants. Wild cards are characters that act as a proxy (or substitute) for a
string of characters. For example, PEDro, the Cochrane Library and
PubMed all use the asterisk symbol to indicate a wild card. Thus, in these
databases, ‘lumb*’ searches for the words ‘lumbar’, ‘lumbosacral’ and
‘lumbo-sacral’. Wild cards are particularly useful when it is necessary to
find a number of variants of the same word stem.1

All major databases can be searched by explicitly specifying more than
one search term. For example, if you were interested in the recurrence of
dislocation after primary shoulder dislocation you could search using
two terms: ‘shoulder’ and ‘dislocation’. This would result in a more spe-
cific search than a search using either search term on its own.

When more than one search term is used it is necessary to specify how
the search terms are to be combined. For two search terms we need to
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Wild cards

AND AND OR

1Whenever a wild card facility is available you should avoid searching for the plural
form of words unless you are only interested in the plural. For example, it is generally
better to search for ‘knee*’ than ‘knees’, and it is better to search for ‘laser*’ than ‘lasers’.
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specify whether we want to find studies that contain either of the search
terms or (as in the preceding example) both of the search terms. For three
or more search terms we can specify whether we are interested in studies
which contain any of the search terms or all of the search terms.

To specify that we want to find studies that contain any of the search
terms, we combine the search terms with OR. For example, if we were
interested in studies of lateral epicondylitis we could specify ‘epicondy-
litis OR tennis elbow’.2,3 Alternatively, to specify that we want to find 
studies that contain all of the search terms we combine the search terms
with AND. For example, if we were interested in studies of effects of the
use of ultrasound for ankle sprain we could specify ‘ultrasound AND
ankle’.4

In general, we specify OR when we want to broaden a search by look-
ing for alternative key terms or synonyms for key terms. We specify AND
when we want to narrow a search by mandating more than one key term.
The appropriate use of ANDs and ORs can greatly increase the sen-
sitivity and specificity of database searches. In most (not all) databases 
it is possible to combine multiple search terms mixing both ANDs 
and ORs. Box 4.1 illustrates how AND and OR can be combined in a single
search.

In the rest of this chapter we shall consider specifically how to find evi-
dence of the effects of interventions, experiences, prognosis and accuracy
of diagnostic tests. We will depart from the order that we use in most 
of this book and consider searching for evidence of experiences last,
because it is convenient first to discuss issues regarding searches for
prognosis and accuracy.
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2 In some databases, such as PubMed, we actually type in the word OR, just as shown. 
In other databases, such as PEDro, we indicate that we want to combine search terms
with OR by clicking on the OR button at the bottom of the screen. (If, in PEDro, you
typed ‘epicondylitis or tennis elbow’, and the AND button was checked (as is the
default) then PEDro would go looking for studies that contain all four words, including
the word ‘or’!) We consider how to specify ANDs and ORs for specific databases later 
in this chapter.
3Wild cards and OR have a similar function: both enable you to search for word 
variants. Wild cards are efficient in the sense that they don’t require as much typing,
and they don’t even require that you think of the possible variants of a particular word
stem. But wild cards are not as flexible as OR. OR makes it possible to find variants 
of a word with different stems (such as ‘neck’ and ‘cervical’).
4Note that the search specified ‘ultrasound and ankle’, not ‘ultrasound AND ankle
sprain’. The term ‘ankle’ is likely to be more sensitive than ankle sprain, because some
studies will talk about ‘sprains of the ankle’ or ‘sprained ankles’ rather than ‘ankle
sprains’. The search term ‘ankle’ will capture either, but the search term ‘ankle sprain’
might not capture studies which refer to ‘sprains of the ankle’ or ‘sprained ankles’.
(Some databases, such as PubMed and the simple search in PEDro will capture either
instance with the search term ‘ankle sprain’.) Of course the search term ‘ankle’ will be
far less specific than ‘ankle sprain’, so the best approach might be to combine all three
search terms using AND. The search ‘ultrasound AND ankle AND sprain’ is likely 
to be both sensitive and specific.
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In Chapter 3 we saw that the best evidence of effects of interven-
tions comes from randomized trials or systematic reviews of randomized
trials.

Contrary to popular belief, there is an extensive literature of random-
ized trials and systematic reviews in physiotherapy. At the time of 
writing (July 2004) there are at least 4100 randomized trials and 780 sys-
tematic reviews. (For a description of the trials, see Moseley et al 2002.)
The rate of production of trials and systematic reviews has accelerated
rapidly (Figure 4.1) so that more than one-third of all trials and nearly
two-thirds of all systematic reviews have been published in the preced-
ing 5 years. At the time of writing, about seven new randomized trials
and two new systematic reviews in physiotherapy are published each
week.
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FINDING EVIDENCE OF EFFECTS OF INTERVENTIONS

5Note the use of brackets. When mixing ANDs and ORs there is potential for ambiguity,
and the brackets remove the ambiguity. Can you see the difference between ‘ultrasound
AND (epicondyl* OR tennis elbow)’ and ‘(ultrasound AND epicondyl*) OR tennis elbow’?

In general, AND is used to mandate more than one search term, and OR 
is used to search for word variants or synonyms. We can illustrate how 
ANDs and ORs are combined using a table such as the following:

To perform a search for a question about the effects of ultrasound for
lateral epicondylitis we might consider two key terms, one pertaining to
ultrasound and the other pertaining to epicondylitis. There are no obvious
synonyms for ultrasound, but a common synonym for ‘epicondylitis’ is
'tennis elbow’. Also, epicondylitis is occasionally referred to as
epicondylalgia. Hence:

Thus our search would be ‘ultrasound AND (epicondyl* OR tennis elbow)’.5

Box 4.1 Using AND and OR

Key term 1 AND Key term 2 AND …

Synonym 1
OR
Synonym 2
OR …

Key term 1 AND Key term 2

Synonym 1 ultrasound epicondyl*
OR
Synonym 2 tennis elbow
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Perhaps the first place to go looking for evidence of the effects of physio-
therapy interventions is PEDro.6 PEDro is a database of randomized trials,
systematic reviews and evidence-based clinical practice guidelines in
physiotherapy. The database is freely available on the world wide web at
www.pedro.fhs.usyd.edu.au. Parts of the PEDro web site have been trans-
lated into Arabic, French, German, Italian, Korean, Portuguese and Spanish.

The most useful parts of the web site are the two search pages. PEDro
offers two search facilities: Simple Search and Advanced Search. We will
begin by looking at the Simple Search page.

Let’s use the Simple Search to find evidence about the effects of pulsed
ultrasound for reducing pain and disability associated with lateral epi-
condylitis. (The Simple Search page is shown in Figure 4.2.) Click on Search
in the menu bar, and then Simple Search. The Simple Search page contains
just one box in which you can type words that tell PEDro the topic of
your search. When you enter a search term or multiple search terms in
this box, PEDro searches for studies that contain those search terms.7 If
you enter more than one search term, PEDro will only find records that
contain all the search terms you entered. (That is, the Simple Search always
combines search terms with ANDs.)

In the text box type ‘ultrasound epicondylitis’8 and click on Start Search
(or just hit enter). PEDro returns a list of titles of all the records on the
database that contain both the words ‘ultrasound’ and ‘epicondylitis’.
The search results are shown in Figure 4.3.
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Figure 4.1 Number of
randomized trials and
systematic reviews archived on
the PEDro database, by year of
publication. (Data extracted
July 2004.) The first trial on the
database was published in 1929
(not shown on the graph), and
the first systematic review was
published in 1982. Since then,
the number and rate of
publication has increased
exponentially with time.
Updated and redrawn from
Moseley et al 2002.

Simple search

6PEDro stands for Physiotherapy Evidence Database. The ‘ro’ at the end just gives it a
more catchy name.
7For each study, PEDro stores a range of information in containers called ‘fields’. Fields
include authors’ names, the title and abstract, journal name and other bibliographic
details and, importantly, subject headings. Subject headings will be discussed in more
detail later in this chapter. The PEDro Simple Search looks for records that contain all the
search terms in any fields.
8Note that, in the PEDro Simple Search, the AND is assumed. Do not type AND.

PEDro
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You can see that in the top right-hand corner PEDro indicates there
were 14 ‘hits’.9 (By ‘hits’ we mean records that satisfy the search criteria.)
Underneath there is a list of the titles of the records that satisfied the search
criteria, an indication of whether the record is a randomized trial, systematic
review or practice guideline, a methodological quality score, and a column
for selecting items. Titles of systematic reviews are listed first, then titles of
clinical practice guidelines, then randomized trials. The randomized trials
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Figure 4.2 PEDro: Simple
Search page.

Figure 4.3 PEDro: Simple
Search results page.

9 If you are doing this search yourself you may find you get more hits. That is because
new records are continually being added to the database.
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are listed in order of descending quality scores. So, to a rough approxima-
tion, the most useful evidence will tend to be towards the top of the list.

It is a simple matter to scroll through the list of titles looking for those
that appear to be most relevant. Clicking on a title links to a Detailed
Search Results page (Figure 4.4), which displays bibliographic details,
abstracts (where available) and details of how the methodological quality
score was determined (for randomized trials only). You can select articles
that look relevant by clicking on the Select button (in the right-hand col-
umn of the Search Results page, or at the bottom of a Detailed Search Results
page). This saves the record to a ‘shopping basket’. You can return to
your shopping basket of selected search results at any time by clicking on
Display Search Results at the bottom of the page.10

It is useful to understand that PEDro searches for words in a special
way. If your search terms include a particular word, PEDro will search for
records containing that word or any word that starts with the same word
stem as the full search term. For example, if you specify the word ‘work’
in your search, PEDro will return records that contain the words ‘work’,
‘worker’, ‘workplace’ and ‘work-place’. You can exploit this function
when searching (see footnote 1). For example, instead of typing ‘ultrasound
epicondylitis’ in the Simple Search box, we could have typed ‘ultrasound
epicondyl’, as this will also return studies that refer to epicondylalgia.

The Simple Search is useful because it is easy to use, but it has some signifi-
cant limitations: you need to think of the relevant text words, and they must
be combined with AND. For some questions, like ‘Does spinal manipulative
therapy reduce pain and increase function in people with acute neck pain?’,
this is problematic. There are many clinical trials on necks, and many more
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Figure 4.4 PEDro: Detailed
Search Results page.

10The shopping basket is emptied when you click on New Search or New Advanced
Search. If you want to continue searching without emptying the shopping basket, click
on Continue Search.
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on manipulative therapy, so we really need to combine both neck-related
terms and manipulative therapy-related terms in a single search to be
efficient. And there are at least two important synonyms for ‘neck’ (‘neck
and cervical’) and several more for ‘manipulative therapy’ (‘manipulative
therapy’, ‘manual therapy’, ‘manipulation’, ‘mobilization’, ‘adjustment’,
and so on). The Simple Search mode doesn’t enable us to deal with this
level of complexity. The Advanced Search mode gives us more flexibility.

To use the Advanced Search, click first on Search in the menu bar and then 
on Advanced Search. You will be taken to the Advanced Search page, which 
is shown in Figure 4.5. The Advanced Search page contains 12 search fields,
any of which can be used to search the database. At the top left is the
Abstract & Title field. Entering text into this field instructs PEDro to search
for the search terms in the titles or abstracts of all records on the database.
In addition, if you know what study you are looking for you can search by
the Author/Association, Title or Source of the record.11 You can also select
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Advanced Search

Figure 4.5 PEDro: Advanced Search page.

11The ‘Source’ refers to where the article can be found. Most of the articles on PEDro are
published in journals, so the source is usually a reference to a particular journal article.
But PEDro also contains clinical practice guidelines, some of which are published on the
world wide web. In that case the source is a web address.
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subject headings from pull-down menus of the Therapy, the Problem or Body
Part being treated, or the Subdiscipline of practice. Finally, you can limit the
search just to one Study Type (randomized trials, systematic reviews or evi-
dence-based clinical practice guidelines), to those Published Since or Added
Since a specific date, or (for randomized trials only) for trials of greater than
a specified Quality Score. In Advanced Search mode you can search by simul-
taneously specifying as few or as many of these search criteria as you wish.

For our particular question on the effects of spinal manipulative ther-
apy for neck pain we can take advantage of the subject headings to specify
Therapy as ‘stretching, mobilization, manipulation, massage’ and Body
Part as ‘head or neck’. Then we combine these search criteria with an
AND by checking the button at the bottom left of the screen, and we click
on Start Search. PEDro returns 150 records. This is too many titles to scroll
through, so we could select ‘systematic reviews’ under Method. This
returns 31 systematic reviews, most of which appear to be relevant to our
question.12 We could further narrow the search by specifying that the
review must have been published since 2003, which returns just three
systematic reviews. One is a Cochrane systematic review, and that would
be a good place to start reading!

This example illustrates one of the strengths of the Advanced Search:
subject headings can be used as a substitute for two or more synonyms.
In fact you can combine any number of subject headings and you can
combine a subject heading with search terms entered as text. (So you
could, if you wished, combine the text ‘ultrasound’ in the Title & Abstract
field with the subject heading ‘forearm and elbow’ in the Body Part field).
However, you can only select one subject heading from each menu. (So
you couldn’t select both ‘lower leg or knee’ and ‘foot or ankle’ from the
Body Part menu.)

PEDro has one significant limitation: either all search criteria must be
combined with ANDs or they must all be combined with ORs. It is not
generally possible, in PEDro, to perform searches with combinations of
ANDs and ORs. (Proficient users of PEDro might like to consult Box 4.2
for some suggestions on how to trick PEDro into effectively combining
AND and OR searches.) A consequence is that, in PEDro at least, it is
good policy to resist the temptation to use many search terms. Searches
that employ many search terms will tend either to return many irrelevant
records (when OR is used), or no records at all (when AND is used). In
general the best search strategies have few search terms. It is often pos-
sible to use just one carefully selected search term, and it is rarely neces-
sary to use more than three.

The Cochrane Library is a remarkable resource. It is a collection of data-
bases, the most important of which are the Cochrane Database of Systematic
Reviews, the Database of Abstracts of Reviews of Effects (DARE) and the
Cochrane Central Register of Controlled Trials (CENTRAL).
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THE COCHRANE
LIBRARY

12The first six titles are clinical practice guidelines, even though we selected ‘systematic
reviews’. PEDro is able to identify those clinical practice guidelines which contain 
systematic reviews and it returns these titles in searches for systematic reviews.
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We have already come across the Cochrane Database of Systematic
Reviews in Chapter 3. This database contains the full text of all of the sys-
tematic reviews produced by the Cochrane Collaboration. DARE, on the
other hand, is produced by the Centre for Reviews and Dissemination at
the University of York. It contains structured abstracts of systematic reviews
published in the medical literature. Each abstract contains a commentary
that indicates the quality of the reviews. And the third part of the trinity,
CENTRAL, is indisputably the world’s largest database of clinical trials.
It contains bibliographic details of over 400 000 clinical trials.13

Most of the physiotherapy-relevant randomized trials and systematic
reviews in the Cochrane Library are also indexed in PEDro. In fact 
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13Most but not all of these are randomized trials. If, however, we take this as a rough 
estimate of the number of randomized trials in health care (�400 000), and we take 
the number of randomized trials on PEDro as an estimate of the number of randomized
trials in physiotherapy (�4000), we can estimate that approximately 1% of all 
randomized trials in health care are trials of physiotherapy.

1. Backdoor ANDs and ORs I: Perform multiple searches. PEDro won’t
allow you to mix ANDs and ORs. However, you can get around this
problem by performing a search using AND, selecting the records that
are of interest, and then repeating the search using alternative terms.
For example, to search effectively for ‘cystic fibrosis’ AND (‘flutter’ OR
‘PEP’), you could search for ‘cystic fibrosis’ and ‘flutter’, combining
these terms with the AND button, and select the relevant records by
clicking on Select. Then repeat the search, this time for ‘cystic fibrosis’
and ‘PEP’, again combining these terms with the AND button, and
again select the relevant records. All of the records selected from both
searches can be retrieved by clicking on Display Selected Records.

2. Backdoor ANDs and ORs II: Specify strings with inverted commas.
Normally PEDro treats a word string (like ‘continuous passive motion’) as
independent words. If the whole search string is of interest, you can make
PEDro treat the string as a single word by enclosing the string in inverted
commas. By typing ‘continuous passive motion’ in inverted commas, PEDro
will look for records that only contain these three words in that order, and
it will ignore studies which use the words ‘continuous’ and ‘passive’ and
‘motion’ in any other way. This makes it unnecessary to combine the
words in the string with AND, so you could, for example, combine the
terms ‘continuous passive motion’ and ‘CPM’ with the OR button.

3. Searching for ranges. Sometimes it is handy to be able to search the
Published Since or Score of at Least fields using ranges. This is done by
separating the upper and lower limit of the range by ‘. . ’. For example,
if you can remember a paper was published in the early 1990s you
could enter ‘1990..1995’ in the Published Since field. (You will need to
combine this with other search criteria!) Or, to find all randomized
trials published before 1950, type ‘0..1950’.

Box 4.2 Three Tips for PEDro Power Users
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the developers of the PEDro database regularly search the Cochrane
Library to find randomized trials and systematic reviews in physiotherapy,
and PEDro and the Cochrane Collaboration have a reciprocal agreement to
exchange data. This means that a search of PEDro will yield most physio-
therapy-relevant contents of the Cochrane Library. Nonetheless, we will
describe how to search the Cochrane Library because, unlike PEDro, the
Cochrane Library contains the full text of Cochrane systematic reviews.
Also, unlike PEDro, the Cochrane Library indexes randomized trials and
systematic reviews in all areas of health care. Physiotherapists who are
interested in the effects of medical or surgical interventions, or interventions
provided by other allied health professions, will find the Cochrane Library
contains a wealth of useful information.

Access to the full text of the Cochrane Library is by subscription only.
Nonetheless, it is widely available. If you are a student or employee 
of a university or hospital you may find you can access the Cochrane
Library on-line at www.thecochranelibrary.com with a password. Alter-
natively your nearest medical library may provide you access from a
library computer. Many countries have negotiated free on-line access to the
Cochrane Library for all their citizens, or for all health professionals. Free
access is provided for people from most developing countries. (From the
Cochrane Library homepage, click on ‘Do you already have access’ for a
list of countries that have free access to the Cochrane Library.) People who
do not have free full text access can perform limited searches and view
abstracts (not full text) of the Cochrane Database of Systematic Reviews.

When you arrive at the Cochrane Library homepage you will see a link
to the Cochrane Advanced Search in the right column. Clicking on this link
takes you to the Advanced Search facility (Figure 4.6).14

Let’s see what happens if we repeat our earlier search for studies of the
effects of pulsed ultrasound for reducing pain and disability associated
with lateral epicondylitis. Advanced searches are conducted by typing
search terms into one or more of the text boxes in the left frame. The
search strategy we use is similar to the strategy we used earlier in PEDro
except that we type in the AND. That is, we type ‘ultrasound AND 
epicondyl*’ in the first text box. (The default option is to ‘Search All Text’,
which is appropriate here.)

Clicking on Search runs a search of the Cochrane Database of Systematic
Reviews, as well as of the DARE and CENTRAL databases. A summary
of the search results appears under the Search Results box. Altogether there
were 32 hits.15 Of these, 9 were in the Cochrane Database of Systematic
Reviews; the titles of these records are displayed in a list. Eight of the nine
are completed reviews (indicated by the letter “R” in a dark blue circle),
but the titles do not look exactly relevant to our question. If any of the
titles looked more relevant we could click on Record and we would 
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14We will use the Cochrane Library’s native “front-end”. Other front-ends are available,
notably the one produced by Ovid. The other front-ends look very different, and may 
differ in their search syntax.
15 If you replicate this search you may get different results, because new records are con-
tinually being added to the databases, and because protocols eventually become reviews.
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Figure 4.6 The Cochrane Library home page.
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16 In this dialogue you can add qualifiers to narrow the search. Also, you can indicate
how related MeSH headings are used. MeSH terms are arranged in hierarchies (trees).
Clicking on the Explode text box tells the search engine to look for any record that con-
tains that MeSH term or any MeSH term located further up the tree. Clicking on Search
this term only tells the search engine to look for any record that contains that MeSH 
term, but to ignore MeSH terms further down the tree. Explode all terms is always more
sensitive; Search this term only is more specific.

1. Use subject headings. Subject headings (called MeSH terms) are
assigned to every systematic review on the database. Often it is more
efficient to search for records with specific MeSH headings than it is to
search for records containing specific text words. To search by MeSH
headings, click on MeSH Search immediately above the text box. This
brings up a text box, and you are instructed to enter a MeSH term. Type
in a key search term (say, ‘epicondylitis’) and then click on Thesaurus.
The search engine will search the dictionary of MeSH terms and, if there
is a relevant MeSH term, it will indicate below the text box what the
relevant MeSH heading is. (In our example it indicates that the relevant
MeSH heading is ‘tennis elbow’.) Clicking on the MeSH heading takes
you to a further dialogue in which you can refine how you use the MeSH
heading,16 and then clicking on Go applies the refined MeSH search.

2. Use the History function to construct complex searches. When you
perform a search in the Cochrane Library, details of that search are
kept in the search history. If you perform a search using the text words
‘ultrasound’ and then perform a second search with the MeSH term
‘Tennis elbow’, and then click on the Search History symbol in the top
right corner, you will see your search history:

#1. ultrasound in All Fields, from 1800 to 2004 in 
all products 3972

#2. MeSH descriptor Tennis Elbow explode tree 1 in MeSH 
products 102

(The exact wording may be a little different, depending on how 
you qualified MeSH headings.) You can then combine searches. For
example, you could combine these two searches by typing #1 AND #2.
This yield 13 hits.

Box 4.3 Tips for searching the Cochrane Library

see the full text of the review. Very handy indeed! One further hit is a 
protocol (indicated by the letter “P” in a light blue circle), titled
“Physiotherapy and physiotherapeutical modalities for lateral epi-
condylitis” (Smidt et al 2004). This looks very relevant. Protocols are
reviews that are not yet completed. They sometimes contain some useful
information (for example, they may provide the results of a literature
search), but they are not as helpful as completed reviews.

At the top of the page, under the Search Results heading, you can also
see that DARE has four relevant systematic reviews and, by clicking on
the DARE heading, we find that all four appear relevant to our question,
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FINDING EVIDENCE OF PROGNOSIS AND DIAGNOSTIC TESTS

In Chapter 3 we saw that best evidence of prognosis is obtained from lon-
gitudinal studies, particularly prospective cohort studies. The best evi-
dence of the accuracy of diagnostic tests is provided by cross-sectional
studies that compare the findings of the test of interest with a high quality
reference standard. Although these two sorts of question are answered by
different sorts of studies, the strategies for finding studies of prognosis
and diagnostic tests are very similar so we will deal with them together.

Finding studies of prognosis and diagnosis of physiotherapy-related
questions can be difficult. A general problem with questions about progno-
sis is that prognostic information is sometimes buried inside clinical trials
that were intended to test the effects of an intervention. The authors may
not have flagged (or even appreciated) that the study contains prognostic
information. Finding studies of diagnostic tests used by physiotherapists
may be difficult for a different reason: there are relatively few studies.
Searches for studies of diagnostic tests used by physiotherapists may be
frustrated by the fact that relevant studies do not exist.

At the time of writing there is no database dedicated to archiving studies
of prognosis or diagnostic tests in physiotherapy.17 Thus it is necessary 
to search general medical databases for this information. The most useful
databases are Medline (PubMed), Embase, CINAHL and PsycINFO. Unlike
PEDro and the Cochrane Library, these databases do not restrict their focus
to studies of the effects of intervention. Instead they index enormously
diverse literatures. The Box 4.4 indicates how these databases differ.

Ideally it would be possible to simultaneously search Medline, Embase,
CINAHL and PsycINFO. In fact some vendors (such as Ovid) provide a

although at the time of writing one is eight years old – probably too old to
be useful now. But the most recent review, titled “Effectiveness of physio-
therapy for lateral epicondylitis: a systematic review”, looks relevant
(Smidt et al 2003), and would probably be the first choice of evidence on
this topic. We can view a structured abstract of this review, with commen-
tary, by clicking on the title.

If we had not found a relevant and recent systematic review in DARE,
we could have looked at the CENTRAL register of clinical trials. We do
that by clicking on the link to CENTRAL under the Search Results head-
ing. There are 16 trials on CENTRAL that satisfied our search criteria.
Again, we could scan the titles and, if a title looked interesting, we could
click on Record and see bibliographic details.

The search strategy we used in this example was quite sample. But the
Cochrane Library supports quite sophisticated searching. Some tips for
searching the Cochrane Library are given in Box 4.3. More tips are given
on the Cochrane web site.

17Note that a search of PEDro is likely to miss many studies of prognosis, and almost all
studies of diagnostic test accuracy. Do not use PEDro to search for studies of prognosis 
or diagnosis.
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service that enables such searches. However, the capacity to search across
the four databases is available by subscription only and not widely avail-
able so we will not consider this further. Instead, we will focus on using
PubMed to search the Medline database. PubMed has two major advan-
tages: it is freely available to anyone who has access to the internet, and it
has an excellent search engine that makes searching for studies of progno-
sis and diagnostic test accuracy relatively straightforward.

Finding evidence of prognosis and diagnostic tests 67

18The journals whose titles indicate they are specifically related to physiotherapy are the
Australian Journal of Physiotherapy, Journal of Orthopaedic and Sports Physical Therapy,
Physical Therapy, Physiotherapy Research International, and Physical and Occupational
Therapy in Pediatrics.
19This statement is not supported by strong data. However, Medline indexes only a small
proportion of the randomized trials on PEDro. It is likely that a similar proportion of
physiotherapy-relevant studies of prognosis and diagnostic accuracy are indexed on
Medline.

Medline is the largest database of the medical literature. It archives about 
12 million records from 4800 thousand journals published since 1966.
Although it is the largest medical literature database, it contains few
physiotherapy-specific journals.18 It is likely that Medline currently indexes
only a small proportion of all studies on prognosis and diagnostic tests
relevant to physiotherapy.19 Only two of the top five journals identified by
Maher et al (2001) as core journals exclusively in physiotherapy are indexed
on Medline. One of the best characteristics of Medline is that it has been
made freely available on the web, where it is called PubMed. The PubMed 
URL is http://www4.ncbi.nlm.nih.gov/PubMed/.

Embase is nearly as big as Medline. It contains about 10 million records
published since 1974 in 4600 journals. There is surprisingly little overlap
between Embase and Medline. Embase has relatively good coverage of
physiotherapy-specific journals; it indexes 4 of 5 exclusively physiotherapy
core journals. The biggest limitation of Embase is that it is available only by
subscription.

CINAHL is the smallest of the four databases. It contains less than 
1 million records published since 1982 in about 1200 journals. Although
smaller than Medline and Embase, CINAHL is ‘richer’ because it contains
many enhancements, including the full text of articles and other materials
such as clinical practice guidelines, comments, book reviews and patient
education (McKibbon 1999). The greatest strength of CINAHL, from a
physiotherapist’s perspective at least, is that it has a specific focus on
nursing and allied health journals. It indexes most physiotherapy journals
and all core physiotherapy journals. Unfortunately CINAHL, like Embase, is
only available by subscription.

PsycINFO is a large database of the psychological literature. It contains
nearly 8 million records published since 1872 in about 1900 journals.
PsycINFO is an excellent place for evidence of psychological interventions,
but it too is available only by subscription.

Box 4.4 Databases of the health literature
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Many people use the main PubMed search interface to search for stud-
ies of prognosis and diagnostic accuracy. This is suboptimal. A part of
PubMed, called Clinical Queries, is designed to assist people searching
for such studies. Clinical Queries automatically applies search strategies
that have been designed for sensitive and specific searching.20 If you
want to conduct quick searches for studies of prognosis or diagnostic
tests then you should use Clinical Queries rather than the main PubMed
search page. You can find Clinical Queries by following the link from the
PubMed homepage, or by going directly to http://www.ncbi.nlm.nih.
gov/entrez/query/static/clinical.html

A reproduction of the Clinical Queries home page is shown in Figure 4.7.
You can see that there are a series of buttons that allow you to search specif-
ically for studies of therapy, prognosis, diagnosis or aetiology. We will use
Clinical Queries to search for studies of prognosis and diagnostic tests.

You can tell Clinical Queries that you want to search specifically for
studies of prognosis or diagnosis by clicking on the prognosis or diagno-
sis button. Then you need only type in search terms to specify the par-
ticular question you are interested in and Clinical Queries will search for
studies of the type you have indicated that include your search terms.21

FINDING THE EVIDENCE68

Figure 4.7 PubMed Clinical
Queries home page. Source:
National Center for
Biotechnology Information
(NCBI).

20We have not used PubMed Clinical Queries to search for studies of the effects of inter-
vention because such searches are better conducted using PEDro or the Cochrane Library.
PEDro and the Cochrane Library index many randomized trials that are not on PubMed.
21The search terms used by PubMed Clinical Queries have been subjected to extensive
testing and have been shown to have a high sensitivity and specificity (Haynes &
Wilczynski 2004, Wilczynski & Haynes 2004).
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Clinical Queries provides another option: you can also choose to search
only for systematic reviews. (These can be systematic reviews of studies of
prognosis, or of studies of diagnostic tests or, for that matter, of studies 
of therapy or aetiology.) However, there are so few systematic reviews of
prognosis and diagnostic tests that a search for them is usually fruitless.
For routine searching we recommend that you don’t search specifically for
systematic reviews; if a relevant systematic review exists it will be turned
up with a search that does not specifically specify systematic reviews.

One final decision needs to be made. We need to decide whether we
want to conduct a sensitive search or a specific search. Of course we
would like both, but we need to tell Clinical Queries whether we are more
concerned with getting every possible relevant study (emphasis on sensi-
tivity) or with minimizing the number of irrelevant search results (empha-
sis on specificity). Medline is a huge database, and sensitive searches often
yield unmanageable numbers of hits, so we recommend that you begin by
specifying a specific search. If, subsequently, you find that a specific
search yields no hits you might then try conducting a sensitive search.
(Alternatively you might consider trying a different set of search terms, or
you might decide to give up and have a cup of coffee instead.)

Let’s imagine that we are seeking an answer to the following question
about prognosis: ‘In a young male who has just experienced his first
shoulder dislocation, what is the risk of re-dislocating within one year?’

In Clinical Queries we could specify ‘prognosis’ and ‘specific’ search,
and then type in ‘shoulder AND dislocat*’. Note that in Clinical Queries,
as in the Cochrane Library but unlike PEDro, the AND is typed in expli-
citly. Also, as in the Cochrane Library, we need to specify explicitly that
we want to look at all words using the root ‘dislocat’ (‘dislocat*’ � ‘dislo-
cated OR dislocation OR dislocate OR dislocating’). A very nice feature of
Clinical Queries is that it automatically looks for related MeSH terms and
includes them in the search.22

This search returns 95 hits. A quick scroll through the results identifies
several promising looking titles, including one titled ‘Prognosis of primary
anterior shoulder dislocation in young adults’ (Hoelen et al 1990). Clicking
on the title displays the detailed search result. In general, you will need to
screen search results by reading titles and, if the titles look relevant, by
skimming the abstracts. (At the same time you could also screen for
methodological quality; more on this in Chapter 5.) The abstract of the
paper with the promising looking title confirms this is a very relevant study.

Sometimes you will find a study that looks to be relevant but which,
for one reason or another, turns out not to be. Or it may be that the study
is relevant, but it is from an obscure journal and it is not possible to get 
a copy of the full paper. In that case you could click on Related Articles at
the right-hand margin of the search results screen. This brings up a list of
studies that are similar in content to the first. Once you have identified
one study that is relevant to your search question, the Related Studies
facility provides a quick and easy way to find more relevant studies.
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22You can see the exact search terms that Clinical Queries has applied by clicking on
Details underneath the text box.
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The question we have just asked, on prognosis after primary shoulder
dislocation, is quite a simple one because there are relatively few synonyms
for the key search terms of shoulder and dislocation.23 A more difficult
question might be: ‘How much return of hand function can we expect 6
months after a completely flaccid hemiparetic stroke? ’ This question is dif-
ficult because there are a number of synonyms for stroke (CVA, hemipare-
sis, cerebrovascular accident, etc.) and for hand function (upper limb
function, manual dexterity, etc.). Clinical Queries allows us to combine
many search terms using both ANDs and ORs in a single search. This
allows us to simultaneously deal with synonyms (by using OR) and require
the presence of multiple key terms (using AND). For example, we could
click on the prognosis button and the specificity button and then type:

(Stroke OR CVA or cerebro-vascular or cerebrovascular OR hemipare*)
AND (hand OR upper limb OR manual).24

In this example we have used brackets to remove the ambiguity that
otherwise potentially arises when we mix ANDs and ORs in a single
search.25,26 The search returns 230 hits, too many to screen quickly. So the
search was refined by adding ‘AND (flaccid* OR paralys*)’. This reduced
the number of hits to 14, and the first on the list was titled ‘Probability of
regaining dexterity in the flaccid upper limb: impact of severity of paresis
and time since onset in acute stroke’ (Kwakkel et al 2003). Bingo!

We shall look at one more example, this time of a search for studies of
accuracy of a diagnostic test. Our question is: ‘In nursing home patients,
how accurate is auscultation for diagnosis of pneumonia?’ The initial
search strategy in PubMed Clinical Queries is to conduct a specific search
for studies of diagnosis using the terms ‘auscultation AND pneumonia’.
This returns nine hits of which one, titled ‘Diagnosing pneumonia by
physical examination: relevant or relic?’ (Wipf et al 1999), looks nearly
relevant but does not pertain specifically to nursing home patients.
Clicking on Related Articles yields 244 hits. This was narrowed by combin-
ing with ‘AND (nursing home OR aged care)’. (This requires use of the
History function, which we introduce below under the heading of Searching
PubMed for qualitative studies.) The narrower search yielded 27 hits, of
which one, titled ‘Clinical findings associated with radiographic pneumonia
in nursing home residents’ (Mehr et al 2001), looks very relevant.
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23 It is true that synonyms for shoulder could be ‘gleno-humeral joint’ or ‘glenohumeral
joint’, and synonyms for dislocation could be ‘subluxation’ or ‘instability’. Nonetheless,
the synonyms are used relatively infrequently in this context, which means that a search
for ‘shoulder AND dislocation’ is likely to be quite sensitive.
24Note that none of the search terms pertain to the time window we are interested in 
(6 months). This is because, while our question concerns a specific time window, we would
usually be happy to take studies with any similar time window. In general, search terms
relating to time hugely reduce search sensitivity, so in general they should not be used.
25Can you see the problem if brackets are not used? When we type ‘X AND Y OR Z’ it
may not be clear whether we mean ‘(X AND Y) OR Z’ or ‘X AND (Y OR Z)’. In fact there
is no real ambiguity because Clinical Queries has a rule for how to deal with such
apparent ambiguities. Nonetheless, the use of brackets makes it much easier to ensure
that ANDs and ORs are combined in the correct way.
26 It is also possible to use brackets in the same way in search queries of the Cochrane
Library.
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FINDING EVIDENCE OF EXPERIENCES

If you want to find evidence about how people feel or experience certain
situations, or what attitudes they have towards a phenomenon, you
should look for studies that use qualitative methods. Unfortunately find-
ing studies of experiences is very difficult.

One of the problems is that qualitative research is indexed in many dif-
ferent ways. For example, it may be identifiable as qualitative research only
by the method used to collect data (e.g. in-depth interviews, focus groups or
observation) or only by the type of qualitative research (e.g. phenomen-
ology, grounded theory, ethnographic research). Another problem is that the
popularity of qualitative research approaches is relatively new in the health
care literature and, consequently, methodological ‘hedges’ (search strate-
gies used to locate particular types of studies) have not yet been developed,
and databases do not yet have qualitative research-related index terms.
There is not a button in PubMed Clinical Queries for locating qualitative
study designs, nor is there a specific PEDro-like database that indexes only
qualitative research. This makes it hard to find high quality studies relating
to experiences. Consequently you may need to read many studies to iden-
tify the ‘best’ or most relevant study to your question.

Here we make some suggestions on how you can find studies of experi-
ences with CINAHL (if you are able to access this database) or PubMed.
We consider CINAHL, even though it has the disadvantage of being
available by subscription only, because it is one of the best databases for
locating studies of attitudes and experiences. And we consider PubMed
because it also contains many relevant studies, and it is freely available.

Both CINAHL and PubMed can be searched by ‘text words’. Text words
are the words provided by the authors in the titles and abstracts of the
original study report; these are entered into the database just as they were
printed in the journals. Alternatively, the databases can be searched 
by subject headings. Every study on these databases is assigned subject
headings that have been derived from a standardized vocabulary developed
by the database producers. Each database has slightly different subject
headings (for example, bedsores are indexed as pressure sores in
CINAHL, as decubitus ulcers in PubMed, and as decubitus in Embase.
PsycINFO does not have a term for bedsores). Both text words and sub-
ject headings are used in effective searching.

Unfortunately, when you go looking for studies of experiences, mean-
ings or processes you will find there are very few index terms in PubMed
that relate to qualitative research. The exception is that, in 2003, the National
Library of Medicine (makers of PubMed) introduced a new MeSH term:
‘Qualitative research’. This will make searching for studies of experiences
much more straightforward. But beware: there is no retrospective indexing,
meaning you will not be able to find qualitative studies published before
2003 using this term. The situation is even worse in Embase, because
Embase has no subject heading that is relevant to studies of experiences
(McKibbon 1999). In contrast, CINAHL has many index terms related to
qualitative study designs. This makes CINAHL one of the most useful data-
bases for identifying qualitative studies.
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The Social Sciences Citation Index is another resource that might be
relevant for finding qualitative research, although again it is available by
subscription only. This database provides a multidisciplinary index to
the journal literature of the social sciences. It fully indexes more than 1725
journals across 50 social sciences disciplines, and it indexes individually
selected, relevant items from over 3300 leading scientific and technical
journals. It provides access to current information and retrospective data
from 1956 onward. More information can be found at www.isinet.com/
products/citation/ssci/.

Now let’s consider how you could structure a search of the CINAHL
database for evidence about experiences.

An efficient search might have two parts. The first part could specify
the subject you are interested in and the second part could specify quali-
tative research and methodology. The two parts are combined with AND.
This helps you find qualitative studies that are potentially relevant to
your question. Both parts could contain text words or subject headings.
Box 4.5 lists headings and text words relevant to qualitative research that
could be used for CINAHL searches (McKibbon 1999).

Databases such as Medline, CINAHL, Embase, PsycINFO and Social
Sciences Citation Index have a number of different ‘front-ends’. That is,
each database may be queried using any of a number of interfaces, each
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Subject headings
Qualitative studies
Ethnological research
Ethnonursing research
Focus groups
Grounded theory
Phenomenological research
Qualitative validity
Purposive sample
Theoretical sample
Semi-structured interview
Phenomenology
Ethnography
Observational methods

Non-participant observation
Participant observation

Text words
Lived experience
Narrative analysis
Hermeneutic

Box 4.5 Search terms for finding qualitative research in CINAHL
(McKibbon 1999)

CINAHL
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of which looks different on the screen and uses slightly different ways of
entering and combining search terms. In the following example we will
describe how to use the widely used Ovid front-end to search CINAHL.
Other front-ends (such as Silver Platter) can be searched using similar but
not identical strategies.

An example of searching CINAHL is shown in Table 4.1. The question
is: ‘What are immigrants’ attitudes and experiences towards exercise?’
Each line of the table shows a new search that introduces new search terms
or combines searches from previous lines. The first column shows the
number corresponding to each search, the second column shows the search
terms, and the third column shows the number of hits from each search. In
this search, search terms (both text words and subject headings) for ‘exer-
cise’ and ‘immigrants’ are combined, yielding 39 citations. Normally you
then would have to combine this result with the search terms for qualita-
tive studies selected from those shown in Box 4.5 (both subject headings
and text words), but since this search only gave 39 hits you might merely
browse through titles or abstracts to identify relevant studies.

When searching PubMed for qualitative research you will need to base
your search on text words because, as mentioned above, PubMed has few
subject headings relevant to qualitative research. Relevant text words for
identifying qualitative research are shown in Box 4.6.
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Search Terms Hits

#1 exercise/ 6 903
#2 exercis$.tw. 23 674
#3 physical activ$.tw. 3 864
#4 1 or 2 or 3 25 662
#5 immigrants/ 1 313
#6 emigra$.tw. 54
#7 immigra$.tw. 1 296
#8 5 or 6 or 7 1 977
#9 4 and 8 39

/ � subject heading; tw � text word; $ � ‘wild card’ (any combination
of characters).

Table 4.1 Strategy for
searching CINAHL with the
Ovid front-end for answers to
the question ‘What are 
immigrants’ attitudes and
experiences towards 
exercise?’

PubMed

Qualitative research
Ethnon*
Hermeneutic
Focus group
Lived experience
Life experience
Ethnography

Box 4.6 Search terms (text words) for finding qualitative studies in
PubMed
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Strategies for searching PubMed for studies of immigrant attitudes
and experiences towards exercise are shown in Tables 4.2 and 4.3. Table
4.2 outlines the first part of the search combining the terms for exercise
and immigrants.

The search strategies we will use here are a little more complex than
the ones we used in the earlier section where we searched PubMed
Clinical Queries for studies of prognosis and accuracy of diagnostic tests.
This means that it becomes awkward fitting the search terms on to one
line. To be able to perform multiline searches in PubMed you have to use
the History button. (This button is found immediately underneath the text
box.) When searching this way you should search each term individually
before combining them. Terms are combined by referring to the line num-
ber of the search. Thus ‘#1’ refers to the search on line number 1, and ‘#2
AND #6’ combines the results of searches on lines 2 and 6 with AND.
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Search Terms Hits

#1 ‘exercise’[MeSH] 28 808
#2 exercis* 140182
#3 physical activ* 17 766
#4 #1 OR #2 OR #3 149 551
#5 ‘emigration and immigration’[MeSH] 15 744
#6 emigra* 18 561
#7 immigra* 20708
#8 #5 OR #6 OR #7 23151
#9 #4 AND #8 166
#10 qualitative research 2976
#11 ethnon* 68
#12 hermeneutic 523
#13 focus group 5013
#14 life experience 10 686
#15 lived experience 1136
#16 ethnography 56177
#17 #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 74 682
#18 #9 AND #17 25

Table 4.3 Combining
exercise and immigrant terms
with terms for qualitative
research

Search Terms Hits

#1 ‘exercise’[MeSH] 28 808
#2 exercis* 140182
#3 physical activ* 17 766
#4 #1 OR #2 OR #3 149 551
#5 ‘emigration and immigration’[MeSH] 15 744
#6 emigra* 18 561
#7 immigra* 20708
#8 #5 OR #6 OR #7 23151
#9 #4 AND #8 166

[MeSH] � subject heading; * � wild card.

Table 4.2 Combining the
terms for exercise and 
immigrants
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GETTING FULL TEXT

A search of the literature will yield the titles, bibliographic details and
abstracts of relevant research reports. But this is usually not sufficient for
critical appraisal. It is almost always better to have at hand the full report
of the study.

Obtaining the full text of a report can be difficult, and for some physio-
therapists this can be a major impediment to evidence-based practice.
How can full reports be obtained?

The best way to obtain full text is electronically. Physiotherapists affili-
ated with large institutions (such as hospitals or universities) may have
full text electronic access to a selection of subscription-only journals by
virtue of their affiliation with that institution. This makes it possible to
download the selected paper to any computer that is connected to the
internet.

Even physiotherapists who do not have access to subscription-
only journals can access a wide range of journals electronically. Some
journals are made freely available on the internet. (Notably, at the time 
of writing, the full text of the BMJ is free at www.bmj.com, although 
there are plans to restrict access to non-subscribers.) Many journals 
make back issues (typically, issues more than 1 year old) freely available
on the web. A very useful hub that provides access to all such journals 
is FreeMedicalJournals.com at http://www.freemedicaljournals.com/.
Some professional associations provide members access to free full 
text. For example, the Australian Physiotherapy Association provides 
its members access to approximately 450 journals through the APA
Library, which members access through a members-only part of the 
association’s web site. And at the time of writing several other asso-
ciations are in the process of setting up similar facilities for their 
members. Finally, some countries provide full text access to the Cochrane
Library for all their citizens, or to all health professionals. (See http://
www.update-software.com/cochrane/provisions.htm for a list of coun-
tries that provide such access.) Other countries provide full access to a
range of electronic journals for health workers. Examples are the National
Electronic Library for Health (http://www.nelh.nhs.uk/) in England, and
state-based sites in Australia (New South Wales, http://www.clininfo.
health.nsw.gov.au/; Queensland, http://ckn. health.qld.gov.au/; Victoria,

The search in Table 4.2 yields 166 studies; perhaps too many to screen
efficiently. So, to narrow your search, you can combine the result with
text words for qualitative studies using the History button (Box 4.6) as
shown in Table 4.3. This yields 25 studies. You can easily screen through
the 25 titles to see if there are any relevant studies.

Note that it will not generally be useful to search using the text word
‘phenomenology’ in PubMed, because many articles use the term ‘phe-
nomenology’ to mean the description or classification of things, and not
to refer to the qualitative design or methodology of phenomenology
(McKibbon 1999).
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The preceding sections have described search strategies for finding
answers to specific questions about the effects of intervention, experi-
ences, prognosis and diagnosis. It is useful to supplement the process of
seeking answers to specific clinical questions with ‘browsing’. Browsing
is reading that is not targeted at specific clinical questions. Browsing pro-
vides a mechanism by which we can keep abreast of new developments
in professional practice that might otherwise pass us by.

Until recently there have been few mechanisms for efficient browsing.
Physiotherapists who wished to stay up-to-date with research may have
stumbled across important papers while browsing recent issues of jour-
nals in the New Issues shelves at a library, or they may have exchanged
key papers with colleagues. But, by and large, keeping up-to-date was a
hit and miss affair.

Anumber of relatively new resources have greatly increased the efficiency
of browsing. One example is ‘pre-appraised’ papers, such as those published
in journals like Evidence-Based Medicine, Evidence-Based Nursing and the
Australian Journal of Physiotherapy (where they are called ‘Critically Appraised
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Question is about Recommended database Comments

Effects of therapy PEDro Physiotherapy interventions only
Cochrane Library Subscription only*

Experiences CINAHL Subscription only
PubMed

Prognosis PubMed Use Clinical Queries
Diagnostic tests PubMed Use Clinical Queries

* Many countries provide free access to the Cochrane Library. See http://www.update-software.
com/cochrane/provisions.htm for details.

Table 4.4 Which database
should I use? Summary of 
recommendations

FINDING EVIDENCE OF ADVANCES IN CLINICAL PRACTICE (BROWSING)

http://www.clinicians.vic.gov.au; Western Australia, http://www.ciao.
health.wa.gov.au/; South Australia, http://www.salus.sa.gov.au/).

Of course many journals are not available as electronic full text. In 
that case it may be possible to obtain a copy of the paper from a local
library. For some (especially physiotherapists in teaching hospitals 
in developed countries) this may be straightforward, albeit a little time-
consuming. But other physiotherapists will not have access to a well-
stocked local library, or they may find that travel to the library is too
time-consuming, or their library does not hold the particular journals that
are needed. The unfortunate reality is that many physiotherapists still find
it difficult to access reports of the full text of high quality clinical research.

In this chapter we have looked at how to find evidence to answer 
questions about effects of interventions, experiences, prognosis and accu-
racy of diagnostic tests. Table 4.4 provides a simple summary of our 
recommendations concerning which databases to consult for particular
questions.
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Figure 4.8 A critically appraised paper (CAP). Reproduced with permission from the Australian Journal of Physiotherapy.
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Paper’, or CAPs for short). A common characteristic is that they provide 
easily read, short summaries of high quality, clinically relevant research.

A CAP from the Australian Journal of Physiotherapy has been reproduced
in Figure 4.8. The CAP describes Assendelft and colleagues’ systematic
review of spinal manipulative therapy for low back pain (Assendelft et al
2003). This study, like others that are described in CAPs, was chosen by
the CAP Editors because it was considered to be a high quality study of
importance to the practice of physiotherapy. The CAP has a declarative
title that gives the main findings of the study, a short, structured abstract
that describes how the study was conducted and what it found, and a
commentary from an expert in the field giving the commentators opinion
of the implications of the study for clinical practice.

The CAPs in the Australian Journal of Physiotherapy, and similar features
in Evidence-Based Medicine and Evidence-Based Nursing, provide a simple
way that physiotherapists can keep up-to-date. All three are available 
by subscription, but CAPs in past issues of the Australian Journal of
Physiotherapy are freely available at www.physiotherapy.asn.au/AJP.
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Chapter 5

Can I trust this evidence?
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OVERVIEW

Well-designed research can produce relatively
unbiased answers to clinical questions. Poorly
designed research can generate biased answers.
Readers of the clinical research literature need to be

able to discriminate between well-designed and
poorly designed research. This is best done by asking
simple questions about key methodological features
of the study. When reading clinical trials you should
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1There are several dimensions to validity. (For enlightening discussions of aspects of
validity in experimental research, see the classic texts by Campbell & Stanley (1963) 
and Cook & Campbell (1979).) In this chapter we look at some aspects of study validity
when we consider aspects of study design (as distinct from aspects of the analysis, or 
of the selection of subjects, implementation of interventions and measurements of 
outcomes) that can control for bias. In studies of the effects of interventions, we could
say our concern is with what Campbell and Stanley call ‘internal validity’, but the term
internal validity is not easily applied to studies of prognosis of diagnostic tests. Other
aspects of validity will be considered in Chapter 6.

As discussed in the previous chapter, ideally the search for evidence will
yield a small number of studies. If you have systematically sought out
studies of the type needed to answer your question then you can begin
the process of critical appraisal that we describe below. If you have hap-
pened upon a study incidentally (for example, if you were given a copy
from a friend), you will first need to confirm that the study has the right
sort of design to answer your question (see Chapter 2).

The studies you find may or may not be well designed and executed, 
so they may or may not be of sufficient quality to be useful for clinical
decision-making. In this chapter we consider how to decide if a study is of
sufficient quality that its findings are likely to be valid.1 We begin with a
general discussion of approaches to appraising validity and then describe
specific methods for appraising validity of studies of the effects of inter-
ventions, experiences, prognosis and the accuracy of diagnostic tests.

consider if treated and control groups were
comparable, if there was complete or near-complete
follow-up, and if there was blinding of patients and
assessors. For studies of experiences you should
consider if the sampling strategy was appropriate, if
the data collection procedures were sufficient to
capture the phenomenon of interest, and if the data
were analysed in a rigorous way. For studies of
prognosis you should consider if there was
representative sampling from a well-defined

population at a uniform point in the course of the
condition. And for studies of diagnostic tests you
should consider if there was blind comparison of the
test with a rigorous reference standard on subjects
in whom there was diagnostic suspicion. For
systematic reviews on any type of question you
should consider if it was clear which studies were to
be reviewed, if there was an adequate literature
search, and if the quality of individual studies was
taken into account when drawing conclusions.

A PROCESS FOR CRITICAL APPRAISAL OF EVIDENCE

Many physiotherapists experience a common frustration. When they
consult the research literature for answers to clinical questions they are
confronted by a range of studies with very different conclusions.
Consider, for example, the findings that confront a physiotherapist who
would like to know whether acupuncture protects against exercise-
induced asthma. One study, by Fung et al (1986) concluded ‘acupuncture
provided better protection against exercise-induced asthma than did
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sham acupuncture’. On the other hand, Gruber et al (2002) concluded
‘acupuncture treatment offers no protection against exercise-induced
bronchoconstriction’. These conclusions appear inconsistent. It seems
implausible that both could be true. Situations like this, where similar
studies draw contradictory conclusions, often arise.

Why is the literature apparently so inconsistent? There are several pos-
sible explanations. First, there may be important differences between
studies in the type of patients included, the way in which the interven-
tion was administered, and the way in which outcomes were measured.
Simple conclusions may obscure important details about patients, inter-
ventions and outcomes. However, as we shall see later, it may be difficult
to draw more precise conclusions from clinical research.

Another important cause of inconsistency is bias. Many studies are
poorly designed and may therefore have seriously biased conclusions.
The findings of poorly designed studies and well-controlled studies 
of the same interventions can differ very markedly. Of the two studies 
of acupuncture for exercise-induced asthma cited above, only the study
by Gruber et al (2002) blinded the subjects and assessors of outcomes. The
inconsistency of the conclusions of these studies may arise because the
study by Gruber et al provides a relatively unbiased estimate of the effects
of acupuncture, while the study by Fung et al (1986) may have been sub-
ject to a range of biases.

How much of the published research is of high quality? How much
research provides us with findings that we can be confident is not dis-
torted by bias? Methodologists have conducted numerous surveys of the
quality of published research and the conclusion has almost always been
that much of the published research is of poor quality (see, for example,
Anyanwu & Treasure 2004, Kjaergard et al 2002, Dickinson et al 2000).
Systematic reviewers typically conclude the same: inspection of the
abstracts of a sample of 20 systematic reviews randomly selected from
the PEDro database found that 8 (40%) explicitly mentioned problems
with trial quality in their conclusions. There is, however, some evidence
that the quality of the research literature is slowly improving (Kjaergard
et al 2002, Moher et al 2002, Moseley et al 2002, Quinones et al 2003).

Many people who are not familiar with the research process find it 
difficult to believe that much of the published research is potentially 
seriously biased. They imagine that research is usually carried out by
experts, that research reports are peer-reviewed by people with method-
ological expertise, and that research papers are therefore usually of a high
standard. The reality is that much of the clinical research we read in jour-
nals is conducted by people who have little or no training in research
design. Some researchers are intent on proving a point of view rather
than objectively testing hypotheses. And even informed and well-
intentioned researchers may be unable to conduct high quality research
because they are thwarted by practical impediments, such as difficulty
recruiting adequate numbers of subjects for the research. Research
reports, particularly those in lower quality journals, may be peer-
reviewed by people who have little better understanding of research
design than the people who conducted the research. And journal editors
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may be forced to publish reports of poorly designed studies to fill the
pages of their journals.

These and other factors conspire to make a substantial proportion of
published research potentially seriously biased.

A quantitative estimate of the quality of randomized trials in physio-
therapy is provided by the PEDro database. All trials on the database are
assessed according to ten methodological criteria. A methodological
quality score is generated by counting the number of criteria that are sat-
isfied. Figure 5.1 shows that most trials on the database satisfy some but
not all of the key methodological characteristics. The typical trial satisfies
5 of the 10 criteria. (In many trials it is not possible to satisfy the criteria
of blinding patients or therapists; in such trials the maximum possible
score is effectively 8.) Thus a small proportion of trials are of very high
quality, the typical trial is of moderate quality, and there are many trials
of low quality. There are few data on the quality of typical studies of
experiences and processes, prognosis, or diagnosis, but our impression is
that the quality of such studies tends to be somewhat lower than that of
clinical trials.

If it is true that a substantial proportion of the clinical research pub-
lished in journals is poorly designed and potentially misleading, readers
of clinical research must be able to distinguish between high quality stud-
ies that potentially provide useful information for clinical decision-
making and low quality clinical research which is potentially misleading.
Readers who are unable to make that distinction will be unable to make
sense of the apparently contradictory clinical research literature.

This might appear to be too much to ask of readers. Surely, if many
researchers and journals reviewers cannot distinguish between high
quality and low quality research, it is unreasonable to expect readers of
clinical trials to be able to do so. In fact, as the pioneers of evidence-based
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medicine recognized (Department of Clinical Epidemiology and
Biostatistics 1981), it is probably possible to use very simple checklists to
distinguish coarsely between high quality research and research that is
likely to be biased. The assumption is that a few carefully chosen criteria
can be used to discriminate between studies that are likely to produce rel-
atively unbiased answers to clinical questions and those that are poten-
tially seriously biased. The value of this approach is that it puts the
assessment of the quality of clinical research within the reach of readers
who do not necessarily have research expertise themselves. A little bit of
training (or just reading this chapter) is all that is needed to be able to dis-
criminate coarsely between low quality and high quality clinical research.

What criteria should be used to discriminate between high quality and
low quality research? How should these quality criteria be developed?
The most common approach is to seek the opinions of experts. In fact
there are now numerous sets of criteria based on expert opinion that have
been used to assess the quality of studies of effects of intervention, and sev-
eral sets of criteria based on expert opinion that have been used to assess
the quality of studies of experiences, prognosis or the accuracy of diagnos-
tic tests. One set of criteria that is of particular interest is the Delphi list of
criteria for assessing the quality of clinical trials, developed by Verhagen
and colleagues (Verhagen et al 1998a). These researchers asked experts to
nominate criteria they felt were important and then used a formal method
(the ‘Delphi technique’) to achieve a consensus. The Delphi list forms the
basis of the PEDro scale that was introduced in Chapter 4.2

In this chapter we will use the approach to critical appraisal popular-
ized in the JAMA Users’ Guides (Guyatt & Rennie 1993) and refined by
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2An alternative approach is more empirical and less subjective. This approach bases 
the selection of quality criteria on findings of research into characteristics of research
designs that minimize bias. Most of this research has been directed at assessing the
quality of studies of the effects of intervention, rather than studies of prognosis or
accuracy of diagnostic tests, and the approach cannot easily be applied to studies of
experiences. The usual approach with studies of the effects of intervention is to 
assemble large numbers of clinical trials and extract from each an estimate of the 
effect of intervention. Then statistical techniques are used to determine which 
study characteristics correlate best with estimates of effects of intervention. Study
characteristics that correlate strongly with effects of intervention are thought to be those
that are indicative of bias. Thus, if studies without a particular characteristic (such as
concealment of allocation) tend to show larger effects of interventions, this is thought to
be evidence the characteristic (concealment) reduces bias.

While this approach is less subjective and more transparent than seeking expert 
opinion, it relies on the questionable assumption that study characteristics which 
correlate strongly with effects of intervention are indicative of bias. The design of these
studies does not provide rigorous control of confounding, so it may be that this
approach identifies spurious quality criteria or fails to identify important quality 
criteria. It is reassuring, then, that several studies have produced more or less consistent
findings. The available evidence suggests that control of bias is provided by 
randomization (particularly concealed randomization), blinding and adequate 
follow-up (Chalmers et al 1983, Colditz et al 1989, Schulz et al 1995, Kunz & Oxman
1998, Moher et al 1998).

A smaller number of studies have used a similar approach in an attempt to identify
characteristics that control for bias in studies of diagnostic tests (Lijmer et al 1999). To
our knowledge there have not yet been similar investigations of studies of prognosis.
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Sackett et al (2000). This approach involves first asking a small number of
key questions about study design in order to distinguish between low
quality and high quality studies, before proceeding to interpret study
findings. Such questions have been called ‘methodological filters’ because
they can be used to ‘filter out’ studies of low methodological quality. Most
(not all) of the methodological filters we will describe are the same as
those described by others.

We have made the case that readers of clinical research need to be care-
ful to discriminate between high quality research, which can be used for
clinical decision-making, and low quality research, which is potentially
biased. But we do not wish to encourage excessively critical attitudes.
Inexperienced readers of clinical research may be inclined to be very dis-
missive of imperfect research and apply methodological filters harshly.
However, no research is perfect, so the highly critical reader will find
very little research trustworthy.

We should not demand perfection from clinical research because it is
not generally attainable. Instead, we should look for studies that are
good enough for clinical decision-making.

That is, we need to identify studies that are sufficiently well designed to
give us more certainty than we could otherwise have. Usually we need to
be prepared to accept the findings of good but not excellent studies
because they give us the best information we can get.

In the following sections we consider how to assess the validity of
studies of effects of interventions, experiences, prognosis and accuracy of
diagnostic tests.
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CRITICAL APPRAISAL OF EVIDENCE ABOUT THE EFFECTS OF INTERVENTION

RANDOMIZED TRIALS

Were treated and
control groups

comparable?

In Chapter 3 it was argued that the preferred source of evidence of the
effects of a therapy is usually a recent systematic review. But for some
questions there are no relevant, recent systematic reviews, in which case
it becomes necessary to consult individual randomized trials.

We first consider how to assess the validity of randomized trials, even
though the reader is encouraged to look first for systematic reviews,
because it is easier to understand critical appraisal of systematic reviews
after having first contemplated critical appraisal of randomized trials.

Readers of clinical trials can ask three questions to discriminate coarsely
between those trials that are likely to be valid and those that are poten-
tially seriously biased.

In Chapter 3 it was argued that we only expect to obtain unbiased esti-
mates of the effects of intervention from studies that compare outcomes
in treated and untreated groups. It is essential that the groups are 
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comparable, and comparability can only be assured by randomly assign-
ing subjects to groups. ‘Matching’ of subjects in the treatment and control
groups cannot, on its own, ensure that the groups are comparable,
regardless of how diligently the matching is carried out. The only way to
ensure comparability is to randomize subjects to treatment and control
groups.

Randomization is best achieved by using a computer to generate an
allocation schedule. Alternatively, random allocation schedules can be
generated by effectively random processes like coin-tossing or the draw-
ing of lots. Sometimes quasi-random allocation procedures are used: sub-
jects may be allocated to groups on the basis of their birth dates (for
example, subjects with even-numbered birth dates could be assigned to
the treatment group and subjects with odd-numbered birth dates
assigned to the control group), or medical record numbers, or the date of
entry into the trial. It is likely that, if carried out carefully, all of these pro-
cedures could assign subjects to groups in a way that is effectively ran-
dom in the sense that all the procedures could generate comparable
groups. That is not to say that coin-tossing and drawing of lots is optimal
(see the discussion of concealment of allocation later in this section), but
it may be adequate.

Some studies match subjects and randomly allocate subjects to groups.
The technical term for this is stratified random allocation. Stratification 
of allocation has the effect of constraining chance. It ensures that there is
an even greater comparability of groups than could be achieved by 
simple random allocation alone. For example, a randomized trial that
compared home-made and commercially available spacers in metered-
dose inhalers for children with asthma (Zar et al 1999) allocated subjects
to one of four groups after stratifying for severity of airways obstruction
(mild or moderate/severe). The researchers constrained randomization
to ensure that within each stratum of severity of airways obstruction
equal numbers of subjects were allocated to each group. By separately
randomizing strata with and without moderate/severe airways obstruc-
tion it was possible to ensure that the two groups were ‘balanced’ with
respect to the proportion of subjects with moderate/severe airways
obstruction.3

In general, stratified random allocation ensures more similarity between
groups, but usually only slightly more similarity, than would occur with
simple randomization. For readers of clinical trials the important point is
that it is the randomization, not the stratification, that ensures compara-
bility of groups. Stratified random allocation ensures comparability of
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3Usually, if allocation is to one of two groups the stratum is even numbered in size; 
if allocation is to one of three groups the size of the stratum is a multiple of three, 
etc. Random allocation is then conducted in a way that ensures subjects in each 
stratum are allocated to equally sized groups. (The equally sized groups are called
‘blocks’; blocked random allocation is analogous to randomly drawing lots without
replacement). Stratification without blocking does not ensure greater comparability of
groups than simple randomization alone (Lavori et al 1983).
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groups because it involves randomization. But randomization on its own
is adequate.4

It is usually a very easy matter to determine if a clinical trial was ran-
domized or not. Reports of randomized trials will usually explain that
subjects were ‘randomly allocated to groups’.5 This might appear in the
title of the paper, or in the abstract, or in the Methods section.

One concern is that particularly naïve authors may refer to ‘random
allocation’ when describing haphazard allocation to groups. These authors
might believe that if they made no particular effort to ensure that subjects
were in one group or the other (for example, if subjects or their therapists,
but not the researchers, determined whether the treatment or control con-
dition was received) then they could call the allocation process ‘random’.
This, of course, is potentially seriously misleading, because there is no
guarantee in such trials that the groups are comparable in the sense that
they differ only by chance; these sorts of processes should not be referred
to as random allocation. The term ‘random allocation’ should be strictly
reserved for allocation procedures that use random number generators or,
perhaps, random processes such as coin-tossing or the drawing of lots. As
there is always the concern that the term ‘random allocation’ has been used
in an inappropriate way, it is reassuring if the trial report describes the ran-
domization procedure, so that the reader can know that the allocation pro-
cedure was truly random rather than just haphazard. An example of a 
clear description of the randomization is provided in the report of a trial of
community-based physiotherapy for people with chronic stroke (Green 
et al 2002). The authors reported that: ‘Randomization was achieved by
numbered, sealed, opaque envelopes prepared from random number
tables …’.

True randomization can only be ensured if randomization is con-
cealed.6 This means that the researcher is not aware, at the time a decision
is made about eligibility of a person to participate in the trial, if that per-
son would subsequently be randomized to the treatment or control
group. Concealment is important because, even though most trials specify
inclusion and exclusion criteria that determine who is and who is not 
eligible to participate in the trial, there is sometimes uncertainty about
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4At this stage some readers may want to object to the assertion that randomization
ensures comparability. They might argue that randomization ensures comparability
only when sample sizes are sufficiently large. In one sense that is true; the groups will
be more similar, on average, when the sample size is large. The consequence is that 
trials with larger samples provide more precise estimates of effects of intervention; we
will consider precision at more length later in this chapter. But there is another way of
looking at comparability. Comparability can also be thought of as a lack of bias. In so 
far as ‘bias’ refers to a long-run tendency to overestimate or underestimate the true value
of a parameter, randomization removes bias regardless of sample size.
5 Some studies will state that subjects were ‘randomly selected’ for treatment or control
groups, when they really mean subjects were randomly allocated to treatment or control
groups. The term ‘selection’ is best reserved for describing the methods used to 
determine who participated in the trial, not which groups subjects were allocated to.
6Concealment of allocation is commonly misunderstood to mean blinding. Blinding and
concealment are quite different features of clinical trials. It would probably be clearer if
concealment of allocation was called concealment of recruitment.
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whether a particular patient satisfies those criteria, and often the
researcher responsible for entering new patients into the trial has some
latitude in such decisions. It could seriously bias the trial’s findings if the
researcher’s decision about who was and was not entered into the trial
was influenced by knowledge of which group patients would subse-
quently be assigned to. For example, a researcher who favoured the
hypothesis that intervention was effective might be reluctant to admit
patients with particularly severe cases if he or she knew that the next
patient entered into the trial was to be allocated to the control group.
(This might occur if the researcher did not claim equipoise, and was con-
cerned that this patient received the best possible treatment.) In that case,
allocation would no longer be random even if the allocation sequence
itself was truly random, because subjects with the most severe cases
could only be allocated to the treatment group. Consequently the groups
would not differ only by chance, and they would no longer be ‘compar-
able’. Similar reasons necessitate that potential subjects are not aware, at
the time they decide whether to participate in the trial, whether they
would subsequently be randomized to treatment or control groups.
Foreknowledge about which group they are to be allocated could influ-
ence the patient’s decision about whether to participate in the trial,
potentially producing serious allocation bias. Lack of concealment poten-
tially leads to non-random allocation.

How can the allocation be concealed? The simplest way is for a person
not otherwise involved in entering subjects into the trial to draw up the
random allocation schedule. Then each subject’s allocation is placed in a
sealed envelope. The allocation schedule is concealed from the researcher
who enters subjects into the trial, and from potential subjects, so that nei-
ther the researcher nor potential subject knows, at the time a decision is
made about participation in the trial, which group the subject would sub-
sequently be allocated to. Then, when the researcher is satisfied that the
subject has met the criteria for participation in the trial and the subject
has given informed consent to participate, the envelope corresponding to
that subject’s number is opened and the allocation is revealed. Once the
envelope is opened the subject is considered to have entered the trial.
This simple procedure ensures that allocation is concealed.

An alternative procedure involves holding the allocation schedule off-
site. Then, when the researcher is satisfied a patient is eligible to partici-
pate in the trial and the patient has given informed consent, the researcher
contacts the holder of the allocation schedule and asks for the allocation.
Again, once the researcher is informed of the allocation, the patient is con-
sidered to have entered the trial. This procedure also ensures concealment
of allocation.

There are other, less satisfactory ways to conceal random allocation.
Allocation could be concealed if, once the researcher was satisfied that a
patient was eligible to enter a trial and had given informed consent, allo-
cation was determined by the toss of a coin (‘heads’ � treatment group,
‘tails’ � control group) or by the drawing of lots. Theoretically this
would provide an allocation schedule that is both effectively random and
concealed. The problem with coin-tossing and the drawing of lots is that
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the process is easily corrupted.7 For example, the researcher could toss
the coin or draw lots before making a final decision about the patient’s eli-
gibility for the trial. Alternatively, if either the patient or researcher was
unhappy with the coin toss or the lot that was drawn it might be tempt-
ing to repeat the toss or draw lots again until the preferred allocation is
achieved. The benefit of using sealed envelopes or contacting a central
allocation registry is that the randomization process can be audited, and
corruption of the allocation schedule is more difficult.

Some reports of clinical trials will explicitly state that allocation was
concealed. Usually statements about concealment of allocation are made
in the part of the Methods section that describes the allocation proce-
dures. More often, trial reports do not explicitly state that allocation was
concealed, but they describe methods such as the use of sealed envelopes
or contacting a central registry that probably ensured concealment.
Unfortunately, most trials do not either explicitly state that allocation
was concealed or describe methods that would have ensured conceal-
ment. Some (perhaps most) of these trials may have used concealed
allocation (Soares et al 2004), but we cannot know which trials did.8

Doing clinical trials is hard and often mundane work. One of the difficul-
ties is ensuring that the trial protocol is adhered to. And one of the hard-
est parts of the trial protocol to adhere to is the planned measurement of
outcomes (‘follow-up’).

Most clinical trials involve interventions that are implemented over
days or weeks or months. Usually outcomes are assessed at the end of the
intervention, and they are often also assessed at one or several times after
the intervention has ceased. Trials of chronic conditions may assess out-
comes several years after the intervention period has ceased.

A problem that arises in most trials is that it is not always possible to
obtain outcome measures as planned. Occasionally subjects die. Others
become too sick to measure, or they move out of town, or go on long hol-
idays. Some may lose interest in participating in the study or simply be
too busy to attend for follow-up appointments. For these and a myriad of
other reasons it may be impossible for the researchers to obtain outcome
measures from all subjects as planned, no matter how hard the
researchers try to obtain follow-up measures from all patients. This phe-
nomenon of real-life clinical trials is termed ‘loss to follow-up’. Subjects
lost to follow-up are sometimes called ‘dropouts’.9

Loss to follow-up would be of little concern if it occurred at random.
But in practice loss to follow-up may be non-random, and this can produce
bias. Bias occurs when dropouts from one group differ systematically, in

CAN I TRUST THIS EVIDENCE?88

7Schulz & Grimes (2002) argue that unless mechanisms are put in place to prevent 
corruption of allocation schedules, corruption of allocation is likely to occur.
8 Systematic reviewers often write to the authors of papers to seek clarification of the
exact methods used in the study. But this is not usually practical for readers of trials.
Consequently, it is often not possible for readers of clinical trials to determine whether
there was concealed allocation or not.
9Note that a subject is not a dropout if he or she discontinues therapy, or does not 
comply with the allocated intervention, provided that follow-up data are available for
that subject.

Was there complete or
near complete 

follow-up?
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terms of their outcomes, from dropouts in the other group. When this
occurs, differences between groups are no longer attributable just to the
intervention and chance. Randomization is undone. Estimates of the effect
of treatment become contaminated by differences between groups due to
loss to follow-up.

It is quite plausible that dropouts from one group will differ systemati-
cally from dropouts in the other group. This is because it is quite plausible
that subjects’ experiences of the intervention or its outcomes will influ-
ence whether they attend for follow-up.10 Imagine a hypothetical trial of
treatment for cervical headache. The trial compares the effect of six ses-
sions of manual therapy to a no-intervention control condition, and out-
comes in both groups are assessed 2 weeks after randomization. Some
subjects in the control group may experience little resolution of their
symptoms. Understandably, these subjects may become dissatisfied with
participation in the trial and may be reluctant to return for outcome
assessment after not having received any intervention. The consequence
is that there may be a tendency for those subjects in the control group with
the worst outcomes to be lost to follow-up, more so than in the treated
group. In that case, estimates of the effects of intervention (the difference
between the outcomes of treated and control groups) are likely to be
biased and the treatment will appear less effective than it really is.

We could imagine many such scenarios that would illustrate that loss
to follow-up can bias estimates of the effects of intervention in either direc-
tion. Unfortunately, while statistical techniques have been formulated to
try to reduce the bias associated with loss to follow-up (Raghunathan 2004),
none are completely satisfactory. All involve estimating, in one way or
another, values of missing data. But because the missing data are not avail-
able it is never possible to check how accurate these estimates are. Ultimately
it will always be true that trials with missing data are potentially biased.

The potential for bias is low if few subjects dropout. When only a small
percentage of subjects are lost to follow-up, the findings of the trial can
depend relatively little on the pattern of loss to follow-up in such sub-
jects. On the other hand, large numbers of dropouts can seriously bias the
findings of a study. The more subjects lost to follow-up, the greater the
potential for bias.

How much loss to follow-up is required to seriously threaten the valid-
ity of a study’s findings? Many statisticians would not be seriously con-
cerned with dropouts of as much as 10% of the sample. On the other hand,
if more than 20% of the sample was lost to follow-up there would be
grounds for concern about the possibility of serious bias. A rough rule of
thumb might be that, if greater than 15% of the sample is lost to follow-up
then the findings of the trial could be considered to be in doubt. (This is 
an arbitrary threshold. Some experts recommend a threshold of 20%; 
van Tulder et al 2003. However, a threshold of 10% might also be reasonable.)
Of course this ‘rule’ ought to be applied judiciously: where trialists can
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10 In some trials it may be others’ experiences of the intervention or its outcomes that
influence loss to follow-up. For example, if the subject is dependent on a carer and the
subject’s carer is unhappy with therapy, the carer may be reluctant to attend follow-up
and the subject may be lost to follow-up.
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provide data to show that losses to follow up of greater than 15% were
largely due to factors that were clearly not related to intervention, we may
be prepared to accept the findings of the trial. On the other hand, where
loss to follow-up is much greater in one group than in the other (clear evi-
dence that loss to follow-up is due to intervention), or where loss to fol-
low-up is clearly dependent on the intervention, we may be suspicious of
the findings of trials that have loss to follow-up of less than 15%.

In some trials, particularly trials of the management of chronic condi-
tions, the outcomes of most interest are those at long term follow-up. But
follow-up becomes progressively more difficult with time, so long term
follow-ups are often plagued by large losses to follow-up. Consequently,
many studies have adequate short term follow-up but inadequate long
term follow-up. Such studies may provide strong evidence of short term
effects of intervention but weak evidence of long term effects.

Some clinical trial reports clearly describe loss to follow-up. It is particu-
larly helpful when the trial report provides a flow diagram (as recom-
mended in the CONSORT statement, Moher et al 2001) that describes the
number of subjects randomized to each group and the number of subjects
from whom outcomes could be obtained at each occasion of follow-up. An
example is shown in Figure 5.2. Flow diagrams such as this make it rela-
tively easy for the reader to assess whether follow-up was adequate.
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Figure 5.2 An example of a
flow diagram, showing how
subjects progress through the
trial or are lost to follow-up.
Redrawn from Hinman et al
(2003), with permission from
BMJ publishers.
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More often, trial reports do not explicitly supply data on loss to follow-
up. In that case the reader must calculate loss to follow-up from the data
that are supplied. Two pieces of information are required. It is necessary
to know both the number of subjects randomized to groups (i.e. the num-
ber of subjects in the trial) and the number of subjects from whom out-
come measures are available at each time point. These numbers are
sometimes given in the text. Alternatively, it may be possible to find these
data in tables of results, or in summaries of statistical analyses.11 A degree of
detective work is sometimes required to extract these data. Calculation of
loss to follow-up is straightforward: the percentage lost to follow-up �
100 � number lost to follow-up/number randomized.

Some trial reports commit a special crime: they provide no clues about
loss to follow-up, even for the most cunning detective. In such studies
there may, of course, have been no loss to follow-up. But it is unusual to
have no loss to follow-up. The more likely explanation, particularly in tri-
als with long follow-up periods, is that loss to follow-up occurred but
was not reported.

Studies which do not provide data on loss to follow-up and which do
not explicitly state that there was no loss to follow-up should be
considered potentially biased.

A problem that is closely related to loss to follow-up is the problem of
protocol violation. Protocol violations occur when the trial is not carried
out as planned. In trials of physiotherapy interventions, the most com-
mon protocol violation is the failure of subjects to receive the intended
intervention. For example, subjects in a trial of exercise may be allocated
to an exercise group but may fail to do their exercises, or fail to exercise
according to the protocol (this is sometimes called ‘non-compliance’ or
‘non-adherence’), or subjects allocated to the control condition may take
up exercise. Other sorts of protocol violations occur when subjects who
do not satisfy criteria for inclusion in the trial are mistakenly admitted to
the trial and randomized to groups, or when outcome measures cannot
be taken at the time that it was intended they be taken. Protocol viola-
tions are undesirable, but usually some degree of protocol violations can-
not be avoided. Usually they present less of a problem than loss to
follow-up. How would we prefer that data from clinical trials with proto-
col violations are analysed?

One alternative would be to discard data from subjects for whom there
were protocol violations. Readers should be suspicious of studies that
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11A good place to look is the column headers in tables of results. These often give ‘n � X’.
(Even then, it may not be clear if the X is the number of subjects that entered the trial or
the number of subjects followed up). When outcomes of dichotomous measures are
expressed as the number and percentage of subjects experiencing some outcome then
the total number of subjects followed up can easily be calculated (number followed
up � 100 � number experiencing event/percentage experiencing the event).
(Dichotomous outcomes are those with one of two possible outcomes, like lived or died.
We will consider dichotomous outcomes further in Chapter 6.) Readers with a good
understanding of tests based on t, F or �2 distributions may be able to determine the
number of subjects followed up from quoted degrees of freedom of t, F or �2 statistics.
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discard data because, insofar as protocol violations are influenced by the
intervention, discarding data biases results. (This is because, once a subject’s
data are discarded, that subject effectively is, as far as interpretation is con-
cerned, lost to follow-up). Another unsatisfactory ‘solution’ is sometimes
applied when there has been non-compliance with intervention. Some trial-
ists will analyse data from non-complying intervention group subjects as if
these subjects had been allocated to the control group. This is sometimes
called a ‘per protocol’ analysis. Per protocol analyses potentially produce
even greater bias than discarding data of non-compliant subjects.12 The
most satisfactory solution is the least obvious one. It involves ignoring the
protocol violations and analysing the data of all subjects in the groups to
which they were allocated. This is called ‘analysis by intention to treat’.13

Analysis by intention to treat has properties that make it better than
other approaches to dealing with protocol violations. Most importantly,

analysis by intention to treat preserves the benefits of randomization

it maintains the comparability of groups. Also, from a pragmatic point of
view, analysis by intention to treat provides the most meaningful esti-
mates of effects of intervention. This is because, pragmatically speaking,
interventions can only be effective if patients comply.14 When analysis is
by intention to treat, non-compliance reduces estimates of the magnitude
of treatment effects. To the pragmatist, this is as it should be. We consider
the issue of pragmatic interpretation of clinical trials in more detail later
in this chapter.

It will usually only be apparent that a trial has analysed by intention to
treat if the authors of the trial report refer explicitly to ‘analysis by inten-
tion to treat’. However, analysis by intention to treat is often not reported,
even when the trial was analysed by intention to treat (Soares et al 2004).15

There is reason to prefer that, in clinical trials, subjects are unaware of
whether they received the intervention or control condition. This is
called blinding of subjects.16 Blinding of subjects is considered
important because it provides a means of controlling for placebo effects.
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Was there blinding to
allocation of patients

and assessors?

12 In trials with equally sized groups, the bias produced by crossing non-compliant
intervention group subjects over to the control group is twice that produced by omitting
data of non-compliant subjects.
13With the intention to treat approach, protocol violations are ignored in both the 
conduct and analysis of the trial. Follow-up measurements are obtained from all 
subjects, wherever possible, even if there were serious protocol violations. For example,
subjects are followed up, wherever possible, even if they were incorrectly admitted to
the trial, or even if as soon as they were randomized they decided not to participate 
further in the study. In trials that do not use an intention to treat approach, these sub-
jects may not be followed up, in which case they become lost to follow-up. So the 
intention to treat approach has two benefits: it minimizes loss to follow-up and provides
a coherent method for dealing with protocol violations.
14This assumes that the response to exercise continues to increase with the amount of
exercise, at least up to the amount of exercise that is prescribed.
15Occasionally the opposite is true: some trials may state they analysed by intention to
treat even though the description of their methods indicated they did not.
16Sometimes ‘blinding’ is referred to as ‘masking’.
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In the following paragraphs we define placebo effects and we discuss in
more detail why and how blinding of subjects is used. Then we present
an alternative point of view which holds that blinding of subjects may be
relatively unimportant.

Placebo effects are effects of intervention attributable to patients’ expec-
tations of a beneficial effect of therapy. The placebo effect is demonstrated
when patients benefit from interventions that could have no direct 
physiological effects, such as detuned ultrasound. Although the mech-
anisms are unknown, some have speculated that expectation or condition-
ing could trigger beneficial biochemical responses (Brody 2000). Placebo
effects of one kind or another are widely believed to accompany most
interventions. The effects, it is thought, can be very large – placebo can be
more effective than many established interventions. Many good clini-
cians seek to exploit the placebo effect by maximizing the credibility of
interventions in the belief that this will give the best possible outcomes
for their patients.

A goal of many trials is to determine what effects intervention has over
and above those effects due to placebo. Clinical trials that blind subjects
can provide just this information. Blinding means that subjects in inter-
vention and control groups do not know which group they were allo-
cated to. Blinded subjects can only guess whether they received the
intervention or control condition. In the absence of any information about
which group they were in, the guesses of subjects in treated and control
groups will be, on average, similar. Consequently,

Blinding of subjects ensures that estimates of the effects of intervention
(the difference between outcomes of treated and control groups) cannot
be due to placebo effects.

How is it possible to blind patients to allocation? How can subjects not
know if they received the intervention or control? The general approach
involves giving a ‘sham’ intervention to the control group. Sham inter-
ventions are those that look, feel, sound, smell and taste like the interven-
tion but could not effect the presumed mechanism of the intervention. The
clearest examples in physiotherapy come from studies of electro-
therapies. Several clinical trials (for example, McLachlan et al 1991,
Ebenbichler et al 1999, van der Heijden et al 1999) have used sham inter-
ventions in studies of pulsed ultrasound. In these studies the ultrasound
machine is adapted so that it either emits pulsed ultrasound (the inter-
vention) or does not (the sham intervention). In the study by McLachlan
et al (1991), the sham ultrasound transducer was designed to become
warm when turned on, so the patient was unable to distinguish between
intervention and sham. The intervention and sham could not be distin-
guished by the patient, and yet the sham could not effect the presumed
mechanisms of ultrasound therapy because no ultrasound was emitted.
Consequently this is a near-perfect sham. Other near-perfect shams used
in clinical trials of physiotherapy interventions include the use of coloured
light as sham low-level laser therapy (for example, de Bie et al 1998), and
the use of specially constructed collapsing needles in studies of acupunc-
ture (Kleinhenz et al 1999).
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Often it is not possible to apply sham interventions that are truly indis-
tinguishable from the intervention. It is hard to imagine, for example,
how one might apply a convincing sham stretch for ankle plantarflexor
contractures, or sham gait training for people with Parkinson’s disease,
or a community-based rehabilitation programme after stroke. In these
circumstances the highest degree of control is supplied by a quasi-sham
intervention that is similar to the intervention (rather than indistinguishable
from the intervention) yet has no direct therapeutic effect. One example
comes from a study of motor training of sitting balance after stroke. Dean &
Shepherd (1997) trained subjects in the intervention group by asking
them to perform challenging reaching tasks in sitting; subjects in the
sham control group performed similar tasks but did not reach beyond
arm’s length. Another example comes from a recent trial of advice for
management of low back pain. Subjects in the intervention (‘advice’)
group received specific advice on self-management strategies from physio-
therapists, whereas subjects in the control (‘ventilation’) group talked 
to a physiotherapist who refrained from providing specific advice
(Pengel 2004). In these examples the sham control is similar to but distin-
guishable from the intervention; nonetheless the sham probably provides
quite a high degree of control for potential placebo effects.

In many physiotherapy trials there is no real possibility of applying a
sham intervention because it is not possible to construct an ineffective
therapy that even moderately resembles the true intervention. In that
case, some control of placebo effects may be achieved by providing a con-
trol intervention which, like a sham, has no direct therapeutic effect, but
which, unlike a sham, does not resemble the true intervention at all. In
this case, as the control condition does not resemble the true intervention,
it probably should not be called a sham. It may, nonetheless, still provide
some control of placebo effects. This strategy has been used in trials of
manipulative physiotherapy. It is difficult to apply sham manipulative
therapy, so several trials have compared the effects of manipulative physio-
therapy with de-tuned ultrasound (for example, Schiller 2001). De-tuned
ultrasound has no direct therapeutic effects, but it does not resemble
manipulative therapy. These partially blinded trials may provide some
control for placebo effects17 but they provide less control than studies
which use true shams.

We have seen that some studies employ true shams that are indistin-
guishable from the true intervention. And other studies employ shams
that are similar to but not indistinguishable from the true intervention, or
use control interventions that do not have direct therapeutic effects but
do not resemble the true intervention. Some studies compare two active
therapies, and yet other studies compare an active therapy to no-treatment
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17 In some studies the sham therapy may be very unconvincing to patients. That is, the
sham may be an obviously ineffective therapy. It is possible that such studies accentu-
ate, rather than control for, placebo effects. It is reassuring, in clinical trials employing
sham therapies, to read that subjects were asked if they believed they received the
experimental or sham therapy. If the sham was convincing, similar proportions of 
subjects in the treated and sham groups should say they thought they were given the
experimental intervention.
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controls. These latter studies are exposed to potential bias from placebo
effects. We will consider the seriousness of this bias further below.

Although the purpose of applying sham interventions is usually to
control for placebo effects, there is a potentially useful secondary effect.
In Chapter 3 we introduced the idea that polite patients can make inter-
ventions appear more effective than they truly are. When outcomes in
clinical trials are self-reported, subjects in the intervention group may
exaggerate perceived improvements in outcome because they feel that is
the socially appropriate thing to do, and patients in the control group
may provide pessimistic reports of outcomes because they perceive that
is what the investigators want to hear. Blinding of subjects means that
subjects in intervention and control groups should have similar beliefs
about whether they received intervention or control conditions, so trials
with blinded subjects cannot be biased by polite patients.

The preceding paragraphs have presented a conventional view of the
value of blinding of subjects in randomized trials. But there is another
point of view that says blinding of subjects may not be necessary.

The first argument against the need for blinding subjects is that, from
a pragmatic view, it does not matter if the effects of therapy are direct
effects of therapy or effects of placebo (Vickers & de Craen 2000). In this
pragmatic view, the purpose of clinical trials is to help therapists deter-
mine which of two alternatives (intervention or control conditions) pro-
duces the better outcome. The intervention that produces the better
clinical outcomes is the better choice, even if its effects are due only to
placebo. Therefore, it is argued, therapists need not be concerned
whether an effect of intervention is due to placebo. They need only deter-
mine whether the intervention produces better outcomes. (Box 5.2, at the
end of this section, summarizes the differences between pragmatic and
explanatory perspectives of clinical trials.)

This point of view has some merit, but is not without problems. Perhaps
the strongest counterargument is that it could be considered unethical to
administer interventions whose only effects are placebo effects, because
administration of placebo interventions would usually involve some sort
of deception. The administration or endorsement of the intervention by a
health professional might imply, either implicitly or explicitly, that there
was some effect other than a placebo effect.18 Another problem with
applying interventions whose only effects are due to placebo is that this
may stall the development of alternative interventions that have more
scope for becoming more effective therapies.

A more radical argument against the need for blinding of subjects in
clinical trials is that the placebo effect may not exist. Why is there a wide-
spread belief in the powerful effects of placebo?

Belief of the existence of placebo effects must have existed long before
modern times because some of the earliest clinical trials used sham con-
trols. In modern times, an early stimulus for the now near-universal
belief in the placebo effect was a literature review by Beecher (1955),

Critical appraisal of evidence about the effects of intervention 95

18 It would be very interesting to know what patients receiving the intervention thought
of this issue.
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aptly titled ‘The powerful placebo’. Beecher summarized the results of 
15 ‘illustrative’ studies of a total of 1082 patients in which sham drugs
(usually saline or lactose) were used to treat a range of conditions, includ-
ing wound pain, angina pain, headache and cough. He concluded that
‘placebos are found to have an average significant effectiveness of
35.2 � 2.2%’. Until recently Beecher’s methods have not been seriously
challenged and his conclusions became widely accepted as true.

But Beecher’s data do not provide strong support for the existence of a
placebo effect because they are based on an inappropriate methodology
(Keinle & Kiene 1997). Beecher focused on the magnitude of the reduction
in pain experienced by people receiving placebo analgesia. Even though
these data have been extracted from randomized trials, they do not involve
comparison with a control condition. The effects observed in patients
treated with placebo analgesia may have been partly due to placebo, but
any such effects were almost certainly confounded by natural recovery, sta-
tistical regression,19 polite patients and other biases. It is unremarkable to
observe that many patients who receive placebo therapy experience recov-
ery, because the recovery may not have been due to the placebo.

To determine the effects of placebo we need to examine randomized
controlled studies that compare outcomes of people treated with sham
interventions to outcomes of people who receive no intervention. In fact
such comparisons are often made incidentally in clinical trials. This is
because there are many randomized trials that compare intervention,
sham control and no-intervention control. These trials provide estimates
of the total effects of therapy (the difference between outcomes of the
intervention and no-intervention groups), and also allow for the total
effect of therapy to be partitioned into direct effects of therapy (the differ-
ence between outcomes of the intervention and sham intervention
groups) and effects of placebo and polite patients (the difference between
outcomes of the sham intervention and no-intervention groups).

In a landmark study, Hrobjartsson & Götsche (2001) systematically
reviewed the evidence for effects of placebo. They found 114 randomized
trials, distributed across all areas of health care, comparing intervention,
sham intervention and no-intervention groups. To ascertain the effects of
placebo they conducted a meta-analysis of the difference in outcomes of
sham intervention and no-intervention groups. They found little or no
effect of placebo on binary outcomes.20 However, there was evidence of a
small effect of placebo on continuous outcomes.21 (The magnitude of this
effect was about one-quarter of one standard deviation22 of the outcomes.)
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19The concept of statistical regression, as it pertains to clinical trials, is explained in
Chapter 3.
20Binary outcomes are events (like lived/died, or returned to work/did not return to
work). Typically binary outcomes are relatively ‘hard’ (objective) outcomes. We will
look at examples of binary outcomes in more detail in Chapter 6.
21Continuous outcomes are those that have a measurable magnitude, such as pain inten-
sity or degree of disability. We will look at examples of continuous outcomes in more
detail in Chapter 6.
22The standard deviation is a measure of variability of a set of scores. It is calculated by
taking the square root of the average squared deviation of the scores from the mean.
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Subgroup analyses found the effect was apparent in trials which meas-
ured subjective outcomes but not in trials which measured objective out-
comes.23 The 27 trials which employed pain as an outcome showed a
small effect (again, the magnitude was about one-quarter of one standard
deviation; this corresponds to a pain reduction of 6.5 mm on a 100 mm
visual analogue scale). The magnitude of this effect was less in trials with
larger sample sizes, suggesting that the effect could be inflated by bias in
small trials. An important limitation of the review is that it included tri-
als which had imperfect shams; consequently it provides an assessment
of the value of attempting to blind subjects, but not necessarily of the
effect of blinding subjects. These findings are provocative because they
suggest that placebo effects may have been exaggerated, and that the
concept of the powerful placebo is a myth built on the artefact of poorly
designed research. Incidentally, the review’s findings also indicate that,
in the typical randomized trial, bias caused by polite patients is small or
negligible. The implication of Hrobjartsson and Götsche’s fascinating
study is that it is not important to blind subjects in randomized trials.

While the need for blinding of subjects is, therefore, arguable, there are
compelling reasons to want to see blinding of assessors in randomized 
trials.

Wherever possible, assessors (the people who measure outcomes 
in clinical trials) should be unaware, at the time they take each
measurement of outcome, whether the measurement is being made 
on someone who received the intervention or control condition.

This is because blinding of assessors protects against measurement bias.
In the context of clinical trials, measurement bias is the tendency for
measurements to be influenced by allocation. For example, measure-
ments obtained from subjects in the intervention group might tend to be
slightly optimistic, or measures obtained from subjects in the control
group might tend to be slightly pessimistic, or both. This would bias
(inflate) estimates of the effect of intervention.

Potential for measurement bias occurs whenever the measurement
procedures are subjective. In practice there are very few clinical measure-
ment procedures that do not involve some subjectivity. (By subjectivity
we mean operator-dependency.) Even measurement procedures that
look quite objective, such as measurements of range of motion, strength
or exercise capacity, probably involve some subjectivity. Indeed, the his-
tory of scientific research suggests that even relatively objective measures
are prone to measurement bias.24 Fortunately, measurement bias is often
easily prevented by asking a blinded assessor to measure outcomes. In
the words of Leland Wilkinson and the American Psychological Associa-
tion’s Task Force on Statistical Inference (1999), ‘An author’s self-awareness,
experience, or resolve does not eliminate experimenter bias. In short,
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23We shall see, later in this chapter, that subgroup analyses are potentially misleading
and ought to be interpreted cautiously.
24For an excellent example, and a ripping good read, see Steven Jay Gould’s account of
nineteenth century craniometry (Gould 1997).
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there are no valid excuses, financial or otherwise, for avoiding an oppor-
tunity to double-blind.’

This statement might imply that blinding of assessors is easier than it
really is. There is one circumstance which often prevents the use of blind
assessors: in many trials outcomes are self-reported. In that case the asses-
sor is the subject, and assessors are only blinded if subjects are blinded. This
is often overlooked by readers of clinical trials. The trial may employ
blinded assessors to measure some outcomes, but self-reported outcomes
cannot be considered assessor blinded unless the subjects themselves are
blinded. An example is the trial by Powell et al (2002) that examined if a
community-based rehabilitation programme could reduce disability of
patients with severe head injury. The authors ensured that, as far as pos-
sible, the researcher performing assessments was blinded to allocation.25

However, one of the primary outcomes was assessed ‘by the research asses-
sor based on a combination of limited observation and interview with the
client and, if applicable, carers’. The other outcome, a questionnaire, was
completed ‘by patients who were able to do so without assistance [or] on
their behalf by a primary carer (where applicable)’. Consequently this trial
was not assessor-blinded because patients and carers were not blinded.

There are other participants in clinical trials who we would also like to
be blind to allocation. Ideally, the providers of care (physiotherapists or
anyone else involved in the delivery of the intervention) are also blinded,
because care providers may find it difficult to administer experimental
and control therapies with equal enthusiasm, and care providers’ enthu-
siasm may influence outcomes. We would prefer that the effects of ther-
apy were not confounded by differences in the degree of enthusiasm
offered by care providers when treating experimental and control
groups. Unfortunately, it is even harder to blind care providers than it is
to blind patients. Thus only a small proportion of trials, notably those
investigating the effects of some electrotherapeutic modalities such as
low energy laser or pulsed ultrasound, are able to blind care providers.
An example is the randomized trial, by de Bie and colleagues (1998), of
low-level laser therapy for treatment of ankle sprains. In this trial, people
with ankle sprains were treated with either laser therapy or sham laser
therapy. The output of the machines was controlled by inputting a code
that was concealed from patients and physiotherapists so both patients
and physiotherapists were blind to allocation.26 In most trials, blinding of
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25The authors mention that ‘Inevitably, however, some patients who had been treated
by outreach, despite being instructed not to do so, inadvertently gave information
[about their allocation] to the assessor during the interview assessment.’ This is a 
common experience of clinical trialists!
26The authors reported that ‘The additional 904 nm [laser therapy] was similar in all
three groups except for the dose … Laser dose at skin level was 0.5 J/cm2 in the low-
dose group, 5 J/cm2 in the high-dose group, and 0 J/cm2 in the placebo group …
Blinding of the treatment setting was ensured by randomizing the three settings (high,
low or placebo) over 21 treatment codes (7 for each group) … Both the patient and ther-
apist were fully blinded. In all three groups, the laser apparatus produced a soft sound
and the display read ‘Warning: laser beam active!’, Both patients and therapists also
wore protective glasses. In addition, 904-nm laser light is invisible to the human eye.’
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care providers is not possible, so readers have to accept that many trials
may be biased to some degree by care provider effects.27

Some trials also blind the statistician who analyses the results of 
the trial. This is because the methods used to analyse most trials cannot
usually be completely specified prior to the conduct of the trial; some
decisions can only be made after inspection of the data. It is preferable
that decisions about methods of analysis are made without regard to the
effect they would have on the conclusions of the trial. This can be
achieved by blinding the statistician. Statisticians can easily be blinded
by presenting them with coded data – the statistician is given a spread-
sheet that indicates subjects are in the Apple group and the Orange
group, rather than experimental and control group. Blinding of statisti-
cians is rarely done, but it is easily done, and arguably should be routine
practice.

Reports of clinical trials frequently refer to ‘double-blinding’. This is a
source of some confusion because, as we have seen, there are several par-
ties who could be blinded in clinical trials (subjects, the person recruiting
subjects, therapists, assessors and statisticians). For this reason the term
‘double-blind’ is often uninformative.28

To summarize this section, readers of clinical trials should routinely
appraise the trial validity. This can be done quickly and efficiently by con-
sidering whether treatment and control groups were comparable (that is,
if there was concealed random allocation), if there was sufficiently com-
plete follow-up, and if patients and assessors were blinded (Box 5.1).
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27Moseley and colleagues (2002) found that only 5% of all trials on the PEDro database
used blinded therapists.
28This leads to an obvious recommendation for authors of reports of clinical trials: avoid
reference to double-blind and instead refer explicitly to blind subjects, blind therapists,
blind assessors and blind statisticians.

Were treated and control groups comparable?
Look for evidence that subjects were assigned to groups using a concealed
random allocation procedure.

Was there complete or near-complete follow-up?
Look for information about the proportion of subjects for whom follow-up
data were available at key time points. You may need to calculate loss to
follow-up yourself from numbers of subjects randomized and numbers
followed up.

Was there blinding to allocation of patients and assessors?
Look for evidence of the use of a sham therapy (blinding of patients or
therapists) and an explicit statement of blinding of assessors. Remember
that when outcomes are self-reported, blinding of assessors requires
blinding of subjects.

Box 5.1 Assessing validity of clinical trials of effects of intervention
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The distinction between ‘explanatory’ and ‘pragmatic’
clinical trials, first made by Schwartz & Lellouch
(1967), is subtle but important, and it is the source
of much confusion amongst readers of clinical
trials.29 (An accessible and contemporary
interpretation of the distinction between explanatory
and pragmatic trials is given by McMahon (2002)).
An example might illustrate the distinction between
the two approaches.

Imagine you are a clinical trialist who has decided
to investigate whether a programme of exercise
reduces pain and increases function in patients with
subacute non-specific neck pain. You could adopt a
pragmatic or an explanatory approach.

If your primary interest was about the effects of
the exercise you would adopt the explanatory
approach. You would carefully select from the pool
of potential subjects those subjects expected to
comply with the exercise programme,30 reasoning
that it will only be possible to learn of the effects of
exercise if the subjects actually do their exercises.
You are fastidious about ensuring the exercises are
carried out exactly according to the protocol because
your aim is to find out about the effects of precisely
that exercise protocol. You design the trial so that
subjects in the control group perform sham exercise,
and you ensure that control group subjects do
exercises of a kind that could not be considered to
have therapeutic effects, and that they exercise as
frequently and as intensely as subjects in the
experimental group. In this way you can determine
specifically the effects of the exercise over and above
the effects (such as placebo effects) of the ritual of
intervention. If there were protocol deviations then
you would be tempted, when analysing the data, to

analyse on a per protocol basis. You seek to verify
subjective outcomes with objective measures
wherever possible.

Alternatively, your interest could be in the more
clinical decision about whether prescription of an
exercise programme produces better clinical
outcomes, in which case you could adopt a more
relaxed, pragmatic approach. Instead of recruiting
only those subjects expected to comply with the
intervention, you recruit those subjects who might
reasonably be treated with this intervention in the
course of normal clinical practice. As a pragmatist
you are less choosy about who participates in the
trial because your aim is to learn of the effects of
prescribing exercise for the clinical spectrum that
might reasonably be treated with this intervention,
not on a subset of patients carefully selected
because they comply unusually well. Even
pragmatists like to see the exercise protocol
complied with (all clinicians do), but as a pragmatist
you see no point in going to unusual ends to ensure
compliance – you want to know what the effects of
exercise are when it is administered in the way it
would be administered in everyday clinical practice.
You specify that the control group receives no
treatment, rather than a sham treatment, because
you reason that this is the appropriate comparison
group when the aim is to know if people will fare
better when given exercise than if they are not given
exercise. (You are not interested in determining
whether better outcomes in exercised subjects are
due to the exercise itself or to placebo effects; either
way, from your perspective, you have achieved what
you want to achieve.) And as a pragmatist you will
always analyse the data by intention to treat

Box 5.2 Pragmatic and explanatory trials

29Some authors refer to ‘efficacy’ trials and ‘effectiveness’ 
trials (e.g. Nathan et al 2000). The distinction between
efficacy and effectiveness trials is similar to the distinction
between explanatory and pragmatic trials. Efficacy refers to
the effects of an intervention under idealized conditions (as
determined by trials with carefully selected patients,
carefully supervised protocols, and per protocol analysis)
and effectiveness refers to the effects of an intervention
under ‘real-world’ clinical conditions (as determined by
trials with subjects from a typical clinical spectrum, clinical
levels of protocol supervision, and intention to treat
analysis). Thus efficacy trials have much in common with

explanatory trials and effectiveness trials have much in
common with pragmatic trials. It would appear that the
most logical sequence would be for efficacy trials to be
performed before effectiveness trials. If efficacy trials
demonstrate an intervention can have clinically worthwhile
effects, effectiveness trials can be conducted to determine if
the intervention does have clinically worthwhile effects.
30A common practice, in explanatory trials, is to have a ‘run-
in’ period prior to randomization. Only subjects who com-
ply with the trial protocol in the run-in period are
subsequently randomized. (That is, only subjects who com-
ply are given the opportunity to participate in the trial.)
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If a systematic review is to produce valid conclusions it must identify
most of the relevant studies that exist and produce a balanced synthesis
of their findings. To determine if this goal has been achieved, readers can
ask three questions.

When we read systematic reviews we need to be satisfied that the
reviewer has not selectively reviewed those trials which support his 
or her own point of view. One of the strengths of properly conducted 
systematic reviews is that the possibility of selective reviewing is reduced.

To reduce the possibility of selective reviewing, reviewers should
clearly define the scope of the review prior to undertaking a search for
relevant trials. The best way to do this is to clearly describe criteria that
are used to decide what sorts of trials will be included in the review, and
perhaps also which trials will not. The inclusion and exclusion criteria
usually refer to the population, interventions and outcomes of interest.

An example of a systematic review which provides clear inclusion and
exclusion criteria is the review by Green et al (1998) of interventions for
shoulder pain. In their review the authors indicated that they ‘identified
trials independently according to predetermined criteria (that the trial be
randomized, that the outcome assessment be blinded, and that the inter-
vention was one of those under review). Randomized controlled trials
which investigated common interventions for shoulder pain in adults
(age greater than or equal to 18 years) were included provided that there
was a blinded assessment of outcome.’

Systematic reviews which specify clear inclusion and exclusion criteria
provide stronger evidence of effects of therapy than those that do not.

Well-conducted reviews identify most trials relevant to the review question.
There are two reasons why it is important that reviews identify most

relevant trials. First, if the review does not identify all relevant trials it

Critical appraisal of evidence about the effects of intervention 101

SYSTEMATIC REVIEWS
OF RANDOMIZED

TRIALS

because you want to know the effects of therapy on
the people to whom it is applied, not the effects of
therapy on the selected group who comply. In your
pragmatic view, a therapy cannot be effective if most
people do not comply with it. You are happy to base
your conclusions on patients’ perceptions of
outcomes because your view is that the role of
intervention is to make patients perceive that their
condition has improved.

This example shows just some of the critical
differences between explanatory and pragmatic
approaches to clinical trials. The important point is

that both perspectives, explanatory and pragmatic,
are useful.31 Both can tell us something worth
knowing about. Nonetheless, readers of clinical 
trials often come to the literature with an interest 
in either an explanatory question or a pragmatic
question. In that case they should look for trials 
with designs that are consistent with their focus.
This is not always easy, because often the authors
themselves are not clear on whether the trial has 
an explanatory or pragmatic focus, and often 
trials mix features of explanatory and pragmatic
designs.

Box 5.2 (Contd)

Was it clear which trials
were to be reviewed?

31But explanatory trials are hard; explanatory trialists have gastric ulcers and high blood pressure.

Were most relevant
studies reviewed?
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may conclude that there is less evidence than there really is.32 More seri-
ously, when not all relevant trials are found there is the possibility that
those trials that were not found had systematically different conclusions
from those included in the review. In that case the review findings could
be seriously biased. For these reasons it is important that systematic
reviews search for and locate most relevant trials.

Locating all relevant trials is not an easy task. As we saw in Chapter 4,
randomized trials in physiotherapy are indexed across a range of par-
tially overlapping major medical literature databases such as Medline,
Embase, CINAHL, AMED, and PsycINFO. The Cochrane Collaboration’s
Register of Clinical Trials and the Centre for Evidence-Based Physio-
therapy’s PEDro database attempt to provide more complete indexes of
the clinical trial literature, but they rely on other databases to locate trials.
Some trials are not indexed on any databases, or are so poorly indexed
that they are unlikely ever to be found. So even the most thorough 
systematic reviews may sometimes miss relevant trials.

Health information scientists have developed optimal search strategies
for the major medical literature databases. (See Box 5.3 for an example of
an optimized search strategy for finding controlled trials in PubMed.)
These search strategies are designed to assist reviewers to locate as many
relevant clinical trials as possible.33

A substantial number of trials may not be indexed on major health 
literature databases; they may be published in obscure journals, or they
may not have been published at all. Some high quality systematic
reviews supplement optimized searches of health literature databases
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32 If a meta-analysis is conducted, it may provide less precise estimates of effects of 
intervention.
33The search strategies are designed for maximum sensitivity, so they are not appropriate
for use by clinicians seeking answers to clinical questions. That is why, in Chapter 4, we
used simpler search strategies to find evidence.

These search terms would be combined with subject-specific search terms
to complete the search strategy for a particular systematic review:

(randomized controlled trial [pt] OR controlled clinical trial [pt] OR randomized
controlled trials [mh] OR random allocation [mh] OR double-blind method [mh] OR
single-blind method [mh] OR clinical trial [pt] OR clinical trials [mh] OR (‘clinical trial’
[tw]) OR ((singl* [tw] OR doubl* [tw] OR trebl* [tw] OR tripl* [tw]) AND (mask* [tw] OR
blind* [tw])) OR (‘latin square’ [tw]) OR placebos [mh] OR placebo* [tw] OR random*
[tw] OR research design [mh:noexp] OR comparative study [mh] OR evaluation studies
[mh] OR follow-up studies [mh] OR prospective studies [mh] OR cross-over studies
[mh] OR control* [tw] OR prospectiv* [tw] OR volunteer* [tw]) NOT (animal [mh] NOT
human [mh])

Box 5.3 An optimized search strategy for finding randomized trials
in PubMed (Robinson & Dickersin 2002).
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with other strategies designed to find trials that are not indexed. An
example is shown in Box 5.4.

These heroic searches are enormously time consuming but they are
thought to be justified because there is evidence that the trials which are
most difficult to locate tend to have different conclusions to more easily
located trials. It has been shown that unpublished studies and studies
published in languages other than English tend to have more negative
estimates of the effects of interventions than trials published in English
(for example, Easterbrook et al 1991, Egger et al 1997, Stern & Simes
1997). Hence systematic reviews which search only for published trials
are said to be exposed to ‘publication bias’, and systematic reviews which
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We searched the Cochrane Central Register of Controlled
Trials (CENTRAL), The Cochrane Library issue 4, 2003,
MEDLINE (January 1966 to October 2003), EMBASE and
CINAHL (1982 to October 2003) using a combination of
MeSH and text words. The standard methods of the
Cochrane Anaesthesia Review Group were employed. No
language restrictions were applied.

The MeSH headings and text words applied (MEDLINE)
were:

Condition MeSH: ’respiratory distress syndrome, adult’. Text
words: ‘Adult Respiratory Distress Syndrome’, ‘Acute Lung
Injury’, ‘Acute Respiratory Distress Syndrome’, ‘ARDS’, ‘ALI’
Intervention MeSH: ‘respiration, artificial’. Text words: ‘lower
tidal volume’, ‘protective ventilation’, ‘LPVS’, ‘pressure-limited’

The search was adapted for each database (EMBASE,
CINAHL).

The Cochrane MEDLINE filter for randomized controlled
trials was used (Dickersin et al 1994), see additional Table 04.
A randomized controlled trial filter was also used for EMBASE
(Lefebvre 1996). All the searches were limited to patients 
16 years and older.

An additional hand search was focused on:

• references lists

• abstracts and proceedings of scientific meetings held on
the subject.

In particular, proceedings of the Annual Congress of the
European Society of Intensive Care Medicine (ESICM) and of
the American Thoracic Society (ATS) were searched over the
last 10 years.

The following databases were also searched:

• Biological abstracts

• ISI web of science

• Current Contents.

Data from unpublished trials and ‘grey’ literature were
sought by:

• The System for Information on Grey Literature in Europe
(SIGLE)

• The Index to Scientific and Technical Proceedings (from
the Institute for Scientific Information, accessing via
BIDS)

• Dissertation abstracts (DA). This database 
includes: CDI – Comprehensive Dissertation 
Index, DAI – Dissertation Abstracts International, 
MAI – Master Abstract International, 
ADD – American Doctoral Dissertation

• Index to Theses of Great Britain and Ireland

• Current Research in Britain (CRIB). This database also
includes Nederlanse Onderzoek Databank (NOD), the
Dutch current research database

• Web Resources: the meta Register of Controlled Trials
(mRCT) (www.controlled-trials.com).

An informal inquiry was made through equipment
manufacturers (Siemens, Puritan-Bennet, Comesa) in order to
obtain any clinical studies performed before the
implementation and marketing of new ventilatory modes on
ventilators.

The original author(s) were contacted for clarification
about content, study design and missing data, if needed.

Box 5.4 Example of a comprehensive search strategy in a systematic review of ventilation with lower
tidal volumes versus traditional tidal volumes in adults with acute lung injury and acute respiratory
distress syndrome (Petrucci & Iacovelli 2003)
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search only for trials reported in English are said to be exposed to ‘lan-
guage bias’. Reviewers perform exhaustive searches because they believe
this will minimize publication bias and language bias.34 But it is possible
that exhaustive searches create a greater problem than they solve. The
studies that are hardest to find may also be, on average, lower quality tri-
als that are potentially more biased than trials that are easier to find (Egger
et al 2003). Exhaustive searches may substitute one sort of bias for another.

What constitutes an adequate search? How much searching must
reviewers do to satisfy us that they have reviewed a nearly complete and
sufficiently representative selection of relevant trials? It is clearly insuffi-
cient to search only Medline: a review of studies of the sensitivity of
Medline searches for randomized trials found that Medline searches,
even those conducted by trained searchers, identified only a relatively
small proportion of the trials known to exist (range 17–82%, mean 51%;
Dickersin et al 1994). It is desirable that the reviewers perform sensitive
searches of several medical literature databases (say, at least two of
Medline, Embase, CINAHL, PsychINFO) and at least one of the special-
ist databases such as the Cochrane Collaboration’s Central Register of
Clinical Trials (CENTRAL) or PEDro.

A further consideration is the recency of the review. Systematic
reviews tend to date rather quickly because, in most fields of physiother-
apy, new trials are being published all the time (Moseley et al 2002). 
The recency of reviews is particularly critical in fields that are being very
actively researched. In actively researched fields, a systematic review that
involved a comprehensive search but which was published 5 years ago 
is unlikely to provide a comprehensive overview of the findings of all 
relevant trials. In fact, there is often a lag of several years between when
a search is conducted and the review is eventually published, so the
search may be considerably older than the year of publication of the review
suggests. The year in which the search was conducted is usually given in
the Methods section of the review. For example, the systematic review of
spinal manipulation for chronic headache by Bronfort and colleagues, pub-
lished in 2001, was based on literature searches conducted up to 1998. In
general, if the search in a systematic review was published more than a few
years ago it may be better to use a more recent systematic review or, if a
more recent review is not available, to supplement the systematic review
by locating individual randomized trials published since the review.

Many randomized trials are poorly designed and provide potentially
seriously biased estimates of the effects of intervention. Consequently, if
a systematic review is to obtain an unbiased estimate of the effects of
intervention, it must ignore low quality studies.

The simplest way to incorporate quality assessments into the findings
of a systematic review is to list minimum quality criteria for trials that are

34As we shall see in Chapter 7, clinical guidelines may involve the production of multi-
ple systematic reviews, so they can be multiply heroic. The time-consuming nature of
literature searches in systematic reviews is one reason why clinical guidelines tend to 
be developed at a national level.

Was the quality of 
the reviewed studies
taken into account?
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to be considered in a review. Most (but not all) reviews specify that trials
must be randomized. The consequence is that non-randomized trials are
effectively ignored.

Excluding non-randomized trials protects against the allocation bias
that potentially distorts findings of non-randomized trials. However, as
we have seen, randomization alone does not guarantee protection from
bias. Even randomized trials are exposed to other sources of bias, so it is
not sufficient to require only that trials be randomized; it is necessary to
apply additional quality criteria. Some systematic reviewers stipulate
that a trial must also be subject- and assessor-blinded if it is to be con-
sidered in the review. An example of this is the review of spinal manipu-
lation by Ernst & Harkness (2001). This review only considered
randomized ‘double-blind’ trials.35

An alternative way to take into account trial quality in a review is to
assess the quality of the trial using a checklist or scale. Earlier in this chap-
ter we mentioned that there are now many such checklists and scales of trial
quality, derived both from expert opinion and empirical research about
what best discriminates biased and unbiased studies. This diversity reflects
the fact that we do not yet know the best way to assess trial quality. The
most popular methods used to assess trial quality in systematic reviews of
physiotherapy are the Maastricht scale (Verhagen et al 1998b), the Cochrane
Back Review Group criteria (van Tulder et al 2003), the Jadad scale (1996)
and the PEDro scale (Maher et al 2003). Two of these, the Maastricht scale
and the PEDro scale, generate a quality score (that is, they are scales), and
the other two do not (they are checklists). There is a high degree of consis-
tency of the criteria used in these four scales: the scales with more extensive
criteria include all of the criteria in the less extensive scales.

In well-conducted reviews, assessments of trial quality are considered
when drawing conclusions: the findings of high quality trials are weighted
more heavily than the findings of low quality trials, and the degree of
confidence expressed in the review’s conclusions is determined, at least
in part, by consideration of the quality of the trials.

If a scale has been used to assess quality, the quality score can be used
to set a quality threshold. Trials with quality scores below this threshold
are not used to draw conclusions. For example, in their systematic review
of the effects of stretching before sport on muscle soreness and injury
risk, Herbert & Gabriel (2002) indicated that only those trials with scores
of at least 3 on the PEDro scale were considered in the initial analysis.
This is an extension of the approach of specifying minimum criteria for
inclusion in the trial. Another common alternative is to use a less formal
approach, and simply comment on the quality of trials when drawing
conclusions from them.36
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35See the comment in footnote 28 regarding problems with interpretation of the term
‘double-blinding’.
36Detsky et al (1992) discuss four ways of incorporating quality in systematic reviews:
using threshold score as an inclusion criterion; use of quality score as a weight in 
statistical pooling; plotting effect size against quality score; and sequential combination
of trial results based on quality score.
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We do not yet know which of these approaches is best. There is the risk
that quality thresholds are too low (biased trials are still given too much
weight) or too high (important trials are ignored), or that quality criteria
do not really discriminate between biased and unbiased trials (so the con-
clusion becomes a lottery). However, it seems reasonable to insist that
trial quality should be taken into account in some way. Some reviews do
not consider trial quality at all, and others assess trial quality but do not
use these assessments in any way when drawing conclusions. Such
reviews potentially base their findings on biased studies. Readers of 
systematic reviews should check that trial quality was taken into account
when formulating a review’s conclusions.

In conclusion, when appraising the validity of a systematic review,
readers should consider whether the review clearly defined the scope
and type of studies to be reviewed, whether an adequate search was con-
ducted, and whether the quality of trials was taken into account when
formulating conclusions (see Box 5.5). When not all criteria are satisfied,
the reader needs to weigh up the magnitude of the threats to validity.

CAN I TRUST THIS EVIDENCE?106

Was it clear which studies were to be reviewed?
Look for a list of inclusion and exclusion criteria (that defines, for example,
the patients or population, intervention and outcomes of interest).

Were most relevant studies reviewed?
Look for evidence that several key databases were searched with sensitive
search strategies, and that the search was conducted recently.

Was the quality of the reviewed studies taken into account?
Did the trials have to satisfy minimum quality criteria to be considered in
the review? Alternatively, was trial quality assessed using a scale or
checklist, and were quality assessments taken into account when
conclusions were drawn?

Box 5.5 Assessing validity of systematic reviews

CRITICAL APPRAISAL OF EVIDENCE ABOUT EXPERIENCES

So far in this chapter we have considered the appraisal of studies of
effects of interventions. Such studies use quantitative methods. But we
saw in Chapter 3 other studies use qualitative methods. Both kinds of
studies make useful contributions to knowledge and should be regarded
as complementary rather than conflicting.

The particular strength of qualitative research is that it ‘offers
empirically based insight about social and personal experiences, which
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necessarily have a more strongly subjective – but no less real – nature
than biomedical phenomena’ (Giacomini et al 2002).

In this section we consider appraisal of qualitative research of experi-
ences. As pointed out in Chapter 3, we use the term ‘experiences’ as a
shorthand way of referring to the phenomena that qualitative research
might explore, which also include attitudes, meanings, beliefs, interactions
and processes.

Before beginning the process of appraisal it is first necessary to ask if
an appropriate method has been used to address the research question. If
the aim of the study is to explore social or human phenomena, or to gain
deep insight into experiences or processes, then a qualitative methodology
is appropriate.

In all kinds of research, no matter which method is used, it is necessary
to observe phenomena in a systematic way and to describe and reflect
upon the research findings. This applies equally well to qualitative
research: insight emerges from systematic observations and their compe-
tent interpretation. Just as with quantitative research of effects of therapy,
qualitative research is not uniformly of high quality. Although the 
adequacy of checklists and guidelines has been vigorously debated, and
although it has been claimed that qualitative research cannot be assessed
by a ‘cookbook approach’, scientific standards and checklists do exist
(Seers 1999, Greenhalgh 2001, Malterud 2001, Giacomini et al 2002). The
framework we will use for critical appraisal of qualitative studies is
drawn from those sources. All sources emphasize that there is no defini-
tive set of criteria for appraisal, and that the criteria should be continually
revised. Consequently we see these criteria as a guide that we expect to
change with time.

Qualitative research uses methods that are substantively different
from most quantitative research. The methods differ with regard to sam-
pling techniques, data collection methods and data analysis. Conse-
quently, the criteria used to appraise qualitative research must differ from
those used to appraise quantitative research. When critically appraising
the methodological quality of qualitative research, you need to ask ques-
tions that focus on other elements and issues than those that are relevant
to research which includes numbers and graphs. Appraisal should focus
on the trustworthiness, credibility and dependability of the study’s 
findings – the qualitative parallels of validity and reliability (Gibson &
Martin 2003). Since qualitative research often seeks to discern subjective
realities, interpretation of the research is frequently greatly influenced by
the researcher’s perspective. Consequently, a clear account of the process
of collecting and interpreting data is needed. This is sometimes referred
to as a decision trail (Seers 1999). Subjectivity is thus accounted for,
though not eliminated. Subjectivity becomes problematic only when the
perspective of the researcher is ignored (Malterud 2001).

When readers look to reports of qualitative research to answer clinical
questions about experiences, we suggest they routinely consider the 
following three issues.
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Why was this sample selected? How was the sample selected? Were the
subjects’ characteristics defined?

In qualitative research we are not interested in an ‘on average’ view of
a population. We want to gain an in-depth understanding of the experi-
ence of particular individuals or groups. The characteristics of individual
study participants are therefore of particular interest.

The sample in qualitative research is often made up of individual 
people, but it can also consist of situations, social settings, social interactions
or documents. The sample is usually strategically selected to contain sub-
jects with relevant roles, perspectives or experiences.

The methods of sampling randomly from populations, or sampling
consecutive patients satisfying explicit criteria, common in quantitative
research, are replaced in qualitative research by a process of conscious
selection of a small number of individuals meeting particular criteria – a
process called purposive sampling (Giacomini et al 2002).

People may be selected because they are typical or atypical, because they
have some important relationship, or just because they are the most
available subjects. Sometimes sampling occurs in an opportunistic way:
one person leads the researcher to another person, and that person to one
more, and so on. This is called snowball sampling (Seers 1999). Often the
goal of sampling is to obtain as many perspectives as possible. The author
should explain and justify why the participants in the study were the
most appropriate to provide access to the type of knowledge sought by
the study. If there have been any problems with recruitment (for example,
if there were many people that were invited to participate but chose not
to take part), this should be reported. And, as the aim is to gain in-depth and
rich insight, the number of observations is not predetermined. Instead,
data collection continues until all phenomena have emerged. Nonetheless,
readers should expect to see an explanation of the number of observa-
tions or people included in the study and why it is thought this number
was sufficient (Seers 1999).

Was the method used to collect data relevant? Were the data detailed
enough to interpret what was being researched?

A range of very different methods is used to collect data in qualitative
research. These vary from, for example, participant observations, to 
in-depth interviews, to focus groups, to document analysis. The data collec-
tion method should be relevant and address the questions raised, and
should be justified in the research report. A common method in physio-
therapy research involves the use of observations or in-depth interviews
to explore communication and interactions of physiotherapists and
patients. In-depth interviews are also used to explore experiences, mean-
ings, attitudes, views and beliefs, for example the experiences of being a
patient, or of having a certain condition, as in a study that explored
stroke patients’ motivation for rehabilitation (Maclean 2000). Focus
groups might be a relevant method of identifying barriers and facilitators
to lifestyle changes or understanding attitudes and behaviours, as demon-
strated by Steen & Haugli (2001), who conducted focus groups to 
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Was the data collection
sufficient to cover the

phenomena?

Was the sampling
strategy appropriate?
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explore the significance of group participation for people with chronic
musculoskeletal pain.

Sometimes qualitative research uses more than one data collection
method to obtain a broader or deeper understanding of what is being
studied. The use of more than one method of data collection can help to
confirm or extend the analysis of different facets of the experience being
studied. For example, the data from observations of a mother playing
with her child with cerebral palsy might be supplemented by interview-
ing the mother about her attitudes and experiences.

In observations or interviews, the researcher becomes the link between
the participants and the data. Consequently, the information collected is
likely to be influenced by what the interviewer or researcher believes or
has experienced. A rigorous study clearly describes where the data col-
lection took place, the context of data collection, and why this context
was chosen. A declaration of the researcher’s point of view and perspec-
tives is important, as these might influence both data collection and analy-
sis. A critical reflection on the potential implications of influence and role
should follow.

Data collection should be comprehensive enough in both breadth
(type of observations) and depth (extent of each type of observation) to
generate and support the interpretations. That means that as much data
as possible should be collected. Often a first round of data collection sug-
gests whether it is necessary to continue sampling in order to confirm the
preliminary findings. Enough participants should be interviewed or
revisited until emerging theories are either confirmed or refuted and 
no new views are obtained. This is often called saturation (Seers 1999).
The point of saturation is the point at which the sample size becomes 
sufficient. A description of saturation reassures the reader that sufficient
data were collected.

Another important question to ask about data collection is whether ethi-
cal issues have been taken into consideration. The ethics of a study do not
have a direct bearing on the study’s validity but may, nonetheless, influ-
ence a reader’s willingness to read and use the findings of the study. In
qualitative research, peoples’ feelings and deeper thoughts are revealed
and it is therefore important that issues around informed consent and con-
fidentiality are clarified. In such situations we would like to see the authors
describe how they have handled the effects on the participants during and
after the study. This issue was raised after the publication of a project that
explored interactions between two physiotherapists and their patients. The
authors were criticized because they had characterized one physiothera-
pist as competent and caring and the other as incompetent and non-
empathic. This conclusion was criticized on ethical grounds, and raised the
importance of careful explanation of the study aim to the participants, 
and also how the results are to be presented. One good way of handling
this is to invite participants to read a draft of the research report.37 Having
participants verify that the researcher’s interpretation is accurate and 
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37This is controversial. Very few researchers ask participants to read a draft of the
research report.
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representative is also a common method for checking trustworthiness of
the analysis (Gibson & Martin 2003).

Was the analytical path described? Was it clear how the researchers
derived categories or themes from the data, and how they arrived at 
the conclusion? Did the researchers reflect on their roles in analysing 
the data?

The process of analysis in qualitative research should be rigorous. 
This is a challenging, complex and time-consuming job. The aim of 
this process is often to make sense of an enormous amount of text, 
tape recordings or video materials by reducing, summarizing and inter-
preting the data. The researchers often extend their conceptual frame-
works into themes, patterns, hypotheses or theories; but ultimately they
must communicate what their data mean. An in-depth description of the
decision trail gives the reader a chance to follow the interpretations 
that have been made and to assess these interpretations in the light of 
the data.

An indication of a rigorous analysis is that the data are presented in a
way that is clearly separated from the interpretation of the data. There
should be sufficient data (e.g. transcripts) to justify the interpretation.
Sometimes the data and the interpretation of the data are mixed up, and
then it can be difficult to know what is the author’s view and what is a
reflection of a participant. Separation of these elements makes it possible
for the reader to draw his or her own interpretations from the data. The
reader should be satisfied that sufficient data were presented to support
the findings.

In the analysis phase, researchers should reflect upon their own roles
and influences in data selection and analysis. The reader needs to consider
that the researcher may have presented a selection of the data that pri-
marily reflects the researcher’s pre-existing personal views. It is helpful
if, when analysing and reporting the study, the investigator distinguishes
between the knowledge of the participants, the knowledge that the
researcher originally brought to the project, and the insights the researcher
has gained along the way. The data can be considered to be more trust-
worthy when the researcher considers contradictory data and findings
that do not support a defined theory or pattern, and discusses the
strengths and weaknesses of each finding.

There are several features that can strengthen a reader’s trust in the
findings of a study. One is the use by the researchers of more than one
source for information when studying the phenomena, for example the
use of both observation and interviews. This is often called triangulation.
Triangulation might involve the use of more than one method, more than
one researcher or analyst, or more than one theory. The use of more than
one investigator to collect and analyse the raw data (multiple coders) also
strengthens the study. This means that findings emerge through consen-
sus between multiple investigators, and it ensures themes are not missed
(Seers 1999).

Box 5.6 summarizes this section.
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Were the data analysed
in a rigorous way?
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Was the sampling/recruitment strategy appropriate?
Why was this sample selected? How was the sample selected? Were the
subjects’ characteristics defined?

Was the data collection sufficient to cover the phenomena?
Was the method used to collect data relevant? Were the data detailed
enough to interpret what was being researched?

Were the data analysed in a rigorous way?
Was the analytical path described? Was it clear how the researcher derived
categories or themes from the data, and how they arrived at the conclusion?
Did the researcher reflect on his or her role in analysing the data?

Box 5.6 Assessing validity of individual studies of experiences

In Chapter 2 we considered two sorts of questions about prognosis: ques-
tions about what a person’s outcome will be, and questions about how
much we should modify our estimates of prognosis on the basis of 
particular prognostic characteristics.

Subsequently, in Chapter 3, we considered the types of studies that are
likely to provide us with the best information about prognosis and prog-
nostic factors. The best information is likely to come from cohort studies or,
occasionally, from systematic reviews of cohort studies, but sometimes
we can also get useful information from clinical trials.

In this section we consider how we can assess whether studies of prog-
nosis are likely to be valid. We begin by considering individual studies of
prognosis and then consider, very briefly, systematic reviews of prognosis.

If we are to derive useful information about prognoses from clinical
research, we must be able to use the findings of the research to make
inferences about prognoses of some larger population. We can only 
do this if the subjects participating in the research (the ‘sample’) are 
representative of the population we are interested in.

When we read studies of prognosis we first need to know which pop-
ulation the study is seeking to provide a prognosis for (the ‘target pop-
ulation’). The target population is defined by the criteria used to determine
who was eligible to participate in the study. Most studies of prognosis
describe a list of inclusion and exclusion criteria that clearly identify the
target population. For example, Coste et al (1994) conducted an inception
cohort study of the prognosis of people presenting for primary medical
care for acute low back pain. They stated that ‘all consecutive patients
aged 18 and over, self-referring to participating doctors (n � 39) for a 
primary complaint of back pain between 1 June and 7 November 1991

INDIVIDUAL STUDIES
OF PROGNOSIS

CRITICAL APPRAISAL OF EVIDENCE ABOUT PROGNOSIS

Was there
representative sampling

from a well-defined
population?
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were eligible. Only patients with pain lasting less than 72 hours and with-
out radiation below the gluteal fold were included. Patients with malig-
nancies, infections, spondylarthropathies, vertebral fractures, neurological
signs, and low back pain during the previous 3 months were excluded, as
were non-French speaking and illiterate patients.’ The target population
for this study is clear.

A closely related issue concerns how subjects entered the study. This is
critical because it determines whether the sample is representative of the
target population.38 In the clinical populations that are of most interest to
physiotherapists, representativeness is usually best achieved by selecting
a recruitment site and then recruiting into the study, as far as is possible,
all subjects presenting to that site who satisfy the inclusion criteria.
Recruitment of all eligible subjects ensures that the sample is representa-
tive. Studies in which all (or nearly all) eligible subjects enter the study
are sometimes said to have sampled ‘consecutive cases’. Where not all
people who satisfy the inclusion criteria enter the study, it is possible that
those who do not enter the study will have systematically different prog-
noses from those subjects who do enter the study. In that case the study
will provide a biased estimate of prognosis in the target population.
When a study recruits ‘all’ subjects or ‘consecutive cases’ that satisfy inclu-
sion criteria (as in the study by Coste, cited in the last paragraph) we can be
relatively confident that the findings of the study apply to a defined popu-
lation. The greater the proportion of eligible subjects that participates in
the study, the more representative the sample is likely to be.

Researchers may find it difficult to gather data from consecutive cases,
particularly when participation in the study requires extra measurements
be made over and above those that would normally be made as part of
routine clinical practice. An example of a study that did not sample in a
representative way is a study of the ‘outcomes’ (prognosis) of children
with developmental torticollis (Taylor & Norton 1997). The researchers
sampled ‘twenty-three children (14 male, nine female) … diagnosed with
developmental torticollis by a physician. … Most of the children (74%)
were referred to physical therapy by pediatricians … Data were collected
retrospectively from the initial physical therapy evaluations of the 23
children whose parents agreed to a follow-up evaluation.’ Such samples
may not always be representative; they may comprise subjects with par-
ticularly good or particularly bad prognoses. Consequently, samples of
convenience can provide biased prognoses for the target population.
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38There are two ways to claim representativeness. The first approach is to clearly define
the population of interest and then sample from that population in a representative way,
or in as representative a way as possible. The alternative approach is to sample in a non-
representative way and then use the characteristics of the sample to dictate about whom
inferences can be made. With the former approach, inferences can be made about the
sorts of people who satisfy the study’s inclusion and exclusion criteria. With the latter
approach, inferences are made about people with characteristics like the study sample’s
characteristics. Of the two approaches, the first is preferable because it provides samples
that are representative of the real population from which they were drawn. The second
approach provides samples that are representative of virtual populations from which
the sample could be imagined to have been drawn.
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Failures to sample in a representative way (i.e. to sample consecutive
cases) or to sample from a population that is well defined (absence of
clear inclusion and exclusion criteria) commonly threaten the validity of
studies of prognosis.

When you read studies looking for information about prognosis, start by
looking to see whether the study recruited ‘all’ patients or ‘consecutive
cases’. If it did not, the study may provide biased estimates of the true
prognosis.

At any point in time, many people may have the condition of interest.
Some will have just developed the condition, and others may have had
the condition for very long periods of time.

A study of prognosis could sample from the whole population of people
who currently have the condition of interest. But samples obtained from
the whole population of people who currently have the condition (called
‘survivor cohorts’) will tend to consist largely of people who have had
the condition for a long time, and that introduces a potential bias. The
bias arises because the prognosis of people with chronic conditions is
likely to be quite different from the prognosis of people who have just
developed the condition. With many conditions, the people with long-
standing disease are those who fared badly; they have not yet recovered.
For this reason, survivor cohorts can tend to generate unrealistically bad
prognoses. With life-threatening diseases the opposite may be true: the
people who have long-standing disease are the survivors; they may have
a better prognosis than those who died quickly, so survivor cohorts of
life-threatening diseases might generate unrealistically good prognoses.
Either way, survivor cohorts potentially provide biased estimates of
prognosis.

The solution is to recruit subjects at a uniform (usually early) point in
the course of the disease.39 Studies which recruit subjects in this way are
said to recruit ‘inception cohorts’ because subjects were identified as
closely as possible to the inception of the condition. The advantage of
inception cohorts is that they are not exposed to the biases inherent in
studies of survivor cohorts.

We have already seen examples of prognostic studies that used sur-
vivor cohorts and inception cohorts. In the study of prognosis of develop-
mental muscular torticollis (Taylor & Norton 1997), the age of children
with torticollis at the time of initial evaluation ranged from 3 weeks to
10.5 months. Clearly those children attending for assessments at 10.5
months are survivors, and their prognoses are likely to be worse than
average. In contrast, Coste et al (1994) obtained their estimates of the
prognosis of low back pain from an inception cohort of subjects who
developed their current episode of back pain within the preceding 72
hours. Consequently, the Coste study is able to provide a relatively unbi-
ased estimate of the prognosis of people with acute low back pain, at
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Was there an 
inception cohort?

39Subjects recruited at the point of disease onset are sometimes called ‘incident cases’.
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least among those who visit a general medical practitioner with that 
condition.

Readers of studies of prognosis should routinely look for evidence of
recruitment of an inception cohort.

Studies that recruit inception cohorts may provide less biased estimates
of prognosis than studies that recruit survivor cohorts.

While many studies provide good evidence of the prognosis of acute
conditions, relatively few provide good evidence of the prognosis of
chronic conditions. This is because the dual requirements of sampling
consecutive cases from an inception cohort are frequently not satisfied in
studies of chronic conditions. What would a good study of the prognosis
of a chronic condition look like? If we wanted to know about the progno-
sis for people with chronic low back pain we would need to look for stud-
ies that identify consecutive cases presenting with a current episode of
back pain that had lasted for a homogenous period, say, between 3 and 
4 months. In practice, relatively few studies of the prognosis of chronic
conditions sample consecutively from uniform points in the course of the
condition, so we have relatively little good evidence of the prognosis of
chronic conditions.

Like clinical trials of effects of therapy, prognostic studies can be biased
by loss to follow-up. Bias occurs if those lost to follow-up have, on aver-
age, different outcomes to those who were followed up.

It is easy to imagine how this might happen. A study of the prognosis
of low back pain might incompletely follow-up subjects whose pain has
resolved, perhaps because these subjects feel well and are disinclined to
return for follow-up assessment. Such a study would necessarily base
estimates of prognosis on the subjects who could be followed up. These
subjects would have, on average, worse outcomes, and so such a study
would provide a biased (unduly pessimistic) estimate of prognosis. 
In contrast, a study of the prognosis of motor function following stroke
might only follow up subjects discharged to home, perhaps because of
difficulties following up subjects discharged to nursing homes. The sub-
jects followed up are likely to have better prognoses, on average, than
those who were not followed up, so this study would provide a biased
(unduly optimistic) estimate of prognosis.

How much of a loss to follow-up can be tolerated? As with clinical tri-
als, losses to follow-up of less than 10% are unlikely to seriously distort
estimates of prognoses,40 and losses to follow-up of greater than 20% are
usually of concern, particularly if there is any possibility that outcomes
influenced follow-up. It may be reasonable to apply the same 85% rule
that we applied to clinical trials of the effects of therapy: as a rough rule
of thumb, the study is unlikely to be seriously biased by loss to follow-up
if follow-up is at least 85%.
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Was there complete 
or near-complete 

follow-up?

40Unless the probability of loss to follow-up is highly correlated with outcome.
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An example of a study with a high degree of follow-up is the study of
the prognosis of pregnancy-related pelvic pain by Albert et al (2001).
These researchers followed 405 women who reported pelvic pain when
presenting to an obstetric clinic during pregnancy. It was possible to ver-
ify the presence or absence of post-partum pain in all but 18 women, giv-
ing a post-partum loss to follow-up of just 4%. Such a low rate of loss to
follow-up is unlikely to be associated with significant bias. On the other
hand, Jette et al (1987) conducted a randomized trial to compare the
effects of intensive rehabilitation and standard care on functional recov-
ery over the 12 months following hip fracture. This study incidentally
provides information about prognosis following hip fracture. However,
loss to follow-up in the standard care group at 3, 6 and 12 months was
35%, 53% and 57%, respectively. The prognosis provided by this study is
potentially seriously biased by a large loss to follow-up.

In large studies with long follow-up periods, or studies of serious dis-
ease, or studies of elderly subjects, it is likely that a substantial propor-
tion of subjects will die during the follow-up period. (For example, in
Allerbring & Heagerstam’s (2004) study of orofacial pain, 13/74 patients
had died at the 9–19 year follow-up, and in Jette et al’s (1987) study of hip
fracture, 29% of subjects died within 12 months). Should these subjects be
counted as lost to follow-up? For all practical purposes the answer is ‘no’.
If we know a subject has died, we know that subject’s outcome: this par-
ticular form of loss to follow-up is informative, and does not bias esti-
mates of prognosis. We can consider death an outcome, which means that
risk of death is considered as part of the prognosis, or we could focus on
prognosis in survivors.

It is relatively easy to identify losses to follow-up in clinical trials and
prospective cohort studies. In retrospective studies of prognosis it can be
more difficult to ascertain the proportion lost to follow-up because it is
not always clear who was entered into the study. In retrospective studies,
loss to follow-up should be calculated as the proportion of all eligible sub-
jects for whom follow-up data were available.

See Box 5.7 for a summary of this section.
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Was there representative sampling from a well-defined population?
Did the study sample consecutive cases that satisfied clear inclusion criteria?

Was there an inception cohort?
Were subjects entered into the study at an early and uniform point in the
course of the condition?

Was there complete or near complete follow-up?
Look for information about the proportion of subjects for whom follow-up
data were available at key time points. Alternatively, calculate loss to 
follow-up from numbers of subjects entered into the study and the
numbers followed up.

Box 5.7 Assessing validity of individual studies of prognosis
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In Chapter 3 we pointed out that the preferred source of information
about prognosis is systematic reviews. Systematic reviews of prognosis
differ from systematic reviews of therapy in several ways. They need to
employ different search strategies to find different sorts of studies, and
they need to employ different criteria to assess the quality of the studies
included in the review. Nonetheless, the methods of systematic reviews
of prognosis are fundamentally similar to the methods of systematic
reviews of the effects of therapy, so the process of assessing the validity of
systematic reviews of prognosis is essentially the same as evaluating the
validity of systematic reviews of therapy. That is, it is useful to ask if it
was clear which trials were to be reviewed, if most relevant studies were
reviewed, and if the quality of the reviewed studies was taken into
account. As these characteristics of systematic reviews have already been
considered in detail, we shall not elaborate on them further here.
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INDIVIDUAL STUDIES
OF DIAGNOSTIC TESTS

Was there comparison
with an adequate

reference standard?

SYSTEMATIC REVIEWS
OF PROGNOSIS

Chapter 3 argued that questions about diagnostic accuracy are best
answered by cross-sectional studies that compare the findings of the test
in question with the findings of a reference standard. What features of
such studies confer validity?

Interpretation of studies of diagnostic accuracy is most straightforward 
if the reference standard is perfectly accurate, or close to it. But it is diffi-
cult to know if the reference standard is accurate. Assessment of the accu-
racy of the reference standard would require comparing its findings 
with another reference standard, and we would then need to know its
accuracy. So, realistically, we have to live with imperfect knowledge of
the reference standard. Claims of the adequacy of a reference standard
cannot be based on data. Instead they must rely on face validity. That 
is, ultimately our assessments of the adequacy of the reference stan-
dard must rely on our assessment of whether the reference standard
appears to be the sort of measurement that would be more-or-less per-
fectly accurate.

An example of a reference standard that has apparent face validity is
open surgical or arthroscopic confirmation of a complete tear of the ante-
rior cruciate ligament. It is reasonable to believe that the diagnosis of a
complete tear could be made unambiguously at surgery. On the other
hand, the diagnosis of partial tears is more difficult, and the surgical 
presentation may be ambiguous. Thus open surgical exploration and
arthroscopic examination are excellent reference standards for diagnosis
of complete tears, but less satisfactory reference standards for partial
tears.

When the reference standard is imperfect, the accuracy of the diagnostic
test of interest will tend to be underestimated. This is because when 
the reference standard is imperfect we are asking the clinical test to do
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something that is impossible: if the test is to perform well, its findings
must correspond with the incorrect findings of the reference standard as
well as the correct ones.41 Readers of studies of the accuracy of diagnos-
tic tests that use imperfect reference standards should recognize that the
true accuracy of the test may be higher than the observed accuracy.42

Studies of the accuracy of diagnostic tests can be biased in just the same
way as randomized trials by the expectations of the person taking the
measurements. If the person administering the diagnostic test (the ‘asses-
sor’) is aware of the findings of the reference standard then, when the
test’s findings are difficult to interpret, he or she may be more inclined 
to interpret the test in a way that is consistent with the reference stan-
dard. In theory this could also happen in the other direction. When the
reference standard is difficult to interpret, the assessor of the reference
standard might be more inclined to interpret the findings in a way that 
is consistent with the diagnostic test. Either way, the consequence is 
the same: the effect will be to bias (inflate) estimates of diagnostic test
accuracy.

It is relatively straightforward for the researcher to reduce the possibil-
ity of this bias. The simple solution is to ensure that the assessor is
unaware, at the time he or she administers the diagnostic test, of the 
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41Some statistical techniques have been developed to correct estimates of the accuracy of
diagnostic tests when there is error in the reference standard, but these techniques
require knowledge of the degree of error in the reference standard or necessitate tenu-
ous assumptions. They are not widely used in studies of diagnostic test accuracy.
42Two special problems arise in the studies of the accuracy of diagnostic tests used by
physiotherapists. The first is that, while it is sometimes quite straightforward to deter-
mine if a test can accurately detect the presence or absence of a particular pathology, it
may be difficult to determine if the test can accurately detect if that pathology is the
cause of the person’s symptoms. Consider the clinical question about whether, in 
people with stiff painful shoulders, O’Brien’s test accurately discriminates between
those people with and without complete tears of rotator cuff muscles. An answer to this
question could be provided by a study that compared the findings of O’Brien’s test and
arthroscopic investigation. If, however, the question was whether O’Brien’s test 
accurately discriminates between those people whose symptoms are or are not due to com-
plete tears of rotator cuff muscles, it would be necessary for the reference standard to
ascertain whether a patient’s symptoms were due to the rotator cuff tear. Many older
people have rotator cuff tears that are asymptomatic, so the arthroscopic finding of the
presence of a rotator cuff tear cannot necessarily be interpreted as indicating that the
person’s symptoms are due to the tear. There is no reference standard for determining 
if symptoms are due to a rotator cuff tear, so we cannot ascertain if O’Brien’s test can
accurately determine if a rotator cuff tear is a cause of a person’s symptoms.

A second problem arises in the diagnosis of conditions that are defined by a simple
clinical presentation. For example, sciatica is defined by the presence of pain radiating
down the leg. As the condition is defined in terms of pain radiating down the leg, there
can be no reference standard beyond asking the patient where he or she experiences the
pain. So it is generally not useful to ask questions about the diagnostic accuracy of tests
for sciatica. There is no need to know the accuracy of tests for sciatica because it is 
obvious whether someone has sciatica from the clinical presentation. More generally,
there is no point in testing the accuracy of a test for a diagnosis that is obvious without
testing.

Was the comparison
blind?
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findings of the reference standard. If the assessor is unaware of the find-
ings of the reference standard then the estimate of diagnostic accuracy
cannot be inflated by assessor bias.

Readers of studies of the accuracy of diagnostic tests should determine
whether the clinical test and reference standard were conducted
independently. That is, readers should ascertain if each test was
conducted blind to the results of the other test.

Confirmation of the independence of the tests implies that estimates of
diagnostic test accuracy from these trials were probably not distorted by
assessor bias. The findings of studies which provide no evidence of the
independence of tests should be considered potentially suspect.

A reasonably frequent scenario is that the diagnostic test is adminis-
tered prior to the administration of the reference standard. When this is
the case, the assessment of the diagnostic test is blind to the reference
standard. This is more important than blinding the reference standard to
the diagnostic test because the tester will usually feel less inclined to
modify interpretation of the reference standard on the basis of a finding
from the diagnostic test than he or she might feel inclined to modify
interpretation of the diagnostic test on the basis of a finding on the refer-
ence standard. Consequently, studies in which the diagnostic test is con-
sistently recorded prior to administration of the reference standard need
not be a cause for serious concern.

The last criterion we will consider is the least obvious, and yet there is
some evidence that it is the criterion that best discriminates between
biased and unbiased studies of diagnostic test accuracy.

In Chapter 3 we saw that there were two sorts of designs used in stud-
ies of the accuracy of diagnostic tests. The first type, sometimes called a
cohort study, samples subjects who are suspected of having, but are not
known to have, the condition that is being tested for. That is, cohort stud-
ies sample from the population that we would usually test in clinical
practice. In clinical practice we only test people who we suspect of having
the condition; we don’t test if the diagnosis is not suspected, nor do we
test if the diagnosis has been confirmed.

Cohort studies provide the best way to evaluate diagnostic accuracy
because they involve testing the discriminative accuracy of the
diagnostic test in the same spectrum of patients that the test would be
applied to in the course of clinical practice.

Such studies provide us with the best estimates of diagnostic test
accuracy.

The alternative to the cohort design is the case–control design.
Case–control studies recruit samples of subjects who clearly do and
clearly do not have the diagnosis of interest. In Chapter 3 we saw the
example of a study of the accuracy of Phalen’s test for diagnosis of carpal
tunnel syndrome which recruited one group of subjects (cases) with 
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clinically and electromyographically confirmed carpal tunnel syndrome
and another group (controls) who did not complain of any hand symp-
toms. The advantage of the case–control design is that it makes it rela-
tively easy to obtain an adequate number of subjects with and without the
diagnosis of interest. But there is a methodological cost: in case–control
studies the test is subject to relatively gentle scrutiny. Case–control 
studies only require the test to discriminate between people who obvi-
ously do and obviously do not have the condition of interest. That is an
easier task than the real clinical challenge of making accurate diagnoses
on people who are suspected of having the diagnosis. Only cohort stud-
ies can tell us about the ability of a test to do that.

Analyses by Lijmer et al (1999) suggest that the strongest determinant
of bias in studies of diagnostic test accuracy is the use of case–control
designs.

Readers should probably be suspicious of the findings of case–control
studies of diagnostic test accuracy.

See Box 5.8 for a summary of this section.

The same criteria can be used to assess systematic reviews of diagnostic
tests as were used to assess systematic reviews of the effects of interven-
tions or systematic reviews of prognosis. Consequently, we shall not elab-
orate further on appraisal of systematic reviews of studies of diagnostic
test accuracy.
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Was there comparison with an adequate reference standard?
Were the findings of the test compared with the findings of a reference
standard that is considered to have near-perfect accuracy?

Was the comparison blind?
Were the clinicians who applied the clinical tests unaware of the findings
of the reference standard?

Did the study sample consist of subjects in whom there was diagnostic
uncertainty?
Was there sampling of consecutive cases satisfying clear inclusion and
exclusion criteria?

Box 5.8 Assessing validity of individual studies of diagnostic tests
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OVERVIEW

Interpretation of clinical research involves assessing,
firstly, the relevance of the research. This may
involve consideration of the type of subjects and
outcomes in the study, as well as the way in which
the intervention was applied (for studies of the
effectiveness of an intervention), or the context of

the phenomena being studied (for studies of
experience), or the way in which the test was
administered (for studies of the accuracy of a
diagnostic test). Relevant studies can provide
answers to clinical questions. Estimates of the
average effects of interventions can be obtained
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WHAT DOES THIS RANDOMIZED TRIAL MEAN FOR MY PRACTICE?

IS THE EVIDENCE
RELEVANT TO ME AND

MY PATIENT/S?

If, having asked the questions about validity in Chapter 5, we are satis-
fied that the evidence is likely to be valid, we can proceed to the second
step of critical appraisal. This involves assessing the relevance (or ‘gener-
alizability’, or ‘applicability’ or ‘external validity’) of the evidence. This is
an important step. Indeed, one of the major criticisms of randomized trials
and systematic reviews of effects of therapies has been that they often do
not address the questions asked by physiotherapists and patients.

Readers should ask the following three questions about relevance.

We read clinical trials and systematic reviews because we want to use
their findings to assist clinical decision-making. This can only be done if
we are prepared to make inferences about what will happen to our
patients on the basis of outcomes in other patients (the subjects in clinical
trials). How reasonable is it to use clinical trials to make inferences about
effects of therapy on our patients?

The process of using trials to make inferences about our patients is
convoluted. First, we use the sample to make inferences about a hypo-
thetical population: the universe of all people from which the sample
could be considered to have been randomly selected (Efron & Tibshirani
1993). This is the role of inferential statistics; we will consider this step 
in detail in the next section. Then we ‘particularize’ (Lilford & Royston
1998) from the hypothetical population to individual patients or particu-
lar sets of patients. That is, we make inferences about individual patients
from our understanding of how hypothetical populations behave. We
will consider this second step a little further.

We can most confidently use clinical trials to make inferences about the
effects of therapy on our own patients when the patients and interventions
in those trials are similar to the patients and interventions we wish to make
inferences about. Obviously, the more similar the patients in a trial are to
our patients, and the more similar the interventions in a trial are to the
interventions we are interested in, the more confidently we can use those
trials to inform our clinical decisions. In this section we consider the issue
of making inferences about particular patients: how similar must patients
in a trial be to the particular patients we are interested in? How can we
decide if patients are similar enough to reasonably make such inferences?

Immediately we run into a problem. On what dimensions do we meas-
ure similarity? What characteristics of subjects are we most concerned
about? Is it critical that the patients have the same diagnosis, or the same
disease severity, or the same access to social support, or the same 

Are the subjects in the
study similar to the
patients to whom I

wish to apply the
study’s findings?

from the difference in outcomes of treated and
control groups. Answers to questions about
experiences might be in the form of descriptions or
theoretical insights or theories. Prognoses may be

quantitative estimates of the expected magnitude of
an outcome or the probability of an event. The
accuracy of diagnostic tests is best expressed in
terms of likelihood ratios.
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attitudes to therapy? Or do they need to be similar in all these dimensions?
To answer these questions we need to know, or at least have some feeling
for, the major ‘effect modifiers’. That is, we need to know what factors
most influence how patients respond to a particular therapy. We would
like major effect modifiers of subjects in a clinical trial to be similar to the
patients we want to make inferences about. But, as we shall see below, it
is very difficult to obtain objective evidence about effect modifiers.
Consequently, when we make decisions about whether subjects in a trial
are sufficiently similar to the patients we wish to make inferences about,
we must base our decisions on our personal impressions of the import-
ance of particular factors.

One factor that sometimes generates particular controversy is the diag-
nosis. First, diagnostic labels are often applied inconsistently. One physio-
therapist’s reflex sympathetic dystrophy is another physiotherapist’s
shoulder–hand syndrome, and one physiotherapist’s posterior tibial com-
partment syndrome is another physiotherapist’s tibial stress syndrome.
The precise clinical presentation of patients in a clinical trial may not be
clear from descriptions of their diagnoses. When this is the case it may be
difficult to know precisely to whom the trial findings can be applied. A
greater problem arises when several diagnostic taxonomies co-exist or over-
lap, because readers may want the diagnosis to be based on a taxonomy
that is not reported. Thus, a trial of manipulation for low back pain might
report that subjects have acute non-specific low back pain (a taxonomy
based on duration of symptoms), but some readers will ask if these patients
had disc lesions or facet lesions (they are interested in a pathological tax-
onomy); others will ask if the patients had stiff joints (their taxonomy is
based on palpation findings); and others will ask if the patients had a
derangement syndrome (they use a taxonomy based on McKenzie’s 
theory of low back pain). There are many taxonomies for classifying low
back pain, and patients cannot be (or never are) classified according to all
taxonomies. The reason we have many taxonomies is that we do not know
which taxonomies best differentiate prognosis or responses to therapy.
That is, we do not know which taxonomy is the strongest effect modifier.
A consequence of the diversity of taxonomies is that readers of clinical 
trials are frequently not satisfied that the patients in a trial are ‘similar
enough’ to the patients about whom they wish to make inferences.

But there is a paradox here. Readers of clinical trials may be least pre-
pared to use the findings of clinical trials when they most need them. For
some interventions there is an enormous diversity in the indications for
therapy applied by different therapists. A case in point is manipulation
for neck pain (Jull 2002). A small number of physiotherapists, and many
chiropractors, would routinely manipulate people with neck pain. Others
may restrict manipulation to only those patients with non-irritable symp-
toms who do not respond to gentler mobilization techniques. Yet other
physiotherapists never manipulate necks, under any circumstances.
Conscientious and informed physiotherapists sit at either end of the
spectrum. This diversity of practice suggests that at least some therapists,
possibly all, are not applying therapy to an optimal spectrum of cases. 
We just do not have precise information on who is best treated with
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manipulation. That is, we do not know with any certainty what the
important effect modifiers are for treatment of neck pain with manipula-
tion. Under these circumstances, when there is a diversity of practice
with regards to indications for therapy, the readers of a clinical trial may
not be prepared to accept the trial’s findings because the subjects in the
trial did not necessarily satisfy the reader’s impressions of appropriate
indications for therapy. When we least know who best to apply therapy
to, physiotherapists are most reluctant to accept the findings of clinical
trials. The paradox is that, when readers most need information from clini-
cal trials, they may be most prepared to ignore them.

A simplistic solution to the problem of identifying subgroups of patients
who would most benefit from therapy might involve more detailed
analysis of trial data. Readers could look for analyses designed to see if
subgroups of patients, patients with certain characteristics, respond par-
ticularly well or particularly badly to therapy. This information could
inform decisions about whether appropriate inclusion and exclusion cri-
teria were used in subsequent clinical trials. Unfortunately, it is usually
very difficult to identify subgroups of responders and non-responders
with subgroup analyses. This is because subgroup analyses are typically
exposed to a high risk of statistical errors: they will typically fail to detect
true differences between subgroups when they exist and they may be
prone to identify spurious differences between subgroups as well.1 One
of the consequences is that subgroup analyses must usually be considered
to be exploratory rather than definitive. Usually the best estimate of the
effect of an intervention is the estimate of the average effect of the inter-
vention in the whole population (Yusuf et al 1991). 

The best that a clinical trial can tell us about the effects of an
intervention on patients with particular characteristics is the average
effect of the intervention on the heterogenous population from which
that patient was drawn.

That said, common sense must prevail. Some characteristics of subjects
in trials could well be important. For example, trials of motor training for
patients with acute stroke may well not be relevant to patients with chronic
stroke because the mechanisms of recovery in these two groups could be
quite different. Occasionally, trials sample from populations for whom
the intervention is patently not indicated. Such trials should not be used
to assess the effectiveness of the therapy. The reader must assess whether
subjects in a trial could be those for whom therapy is indicated, or could be
similar enough to those patients they want to make inferences about,
given the current understanding of the mechanisms of therapy.

There is a simple conclusion from this rather philosophical discussion. 
It is difficult to know with any certainty which patients an intervention is
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1These issues have been studied intensively. Accessible treatments of this subject are those
by Yusuf et al (1991), Moyé (2000) and Brookes et al (2001). Alternatively, readers might
prefer to consult the light-hearted and equally illuminating reports of the effects of DICE
therapy (Counsell et al 1994) and the analysis of effects of astrological star sign in the ISIS
II trial (Second International Study of Infarct Survival Collaborative Group 1988).

H8820-Ch06.qxd  3/1/05  11:52 AM  Page 126



likely to benefit most. Consequently, readers of clinical trials should not be
too fussy about the characteristics of subjects in a clinical trial. 

If patients in a trial are broadly representative of the patients we want to
make inferences about, then we should be prepared to use the findings 
of the trial for clinical decision-making. It is only when there are strong
grounds to believe that the patients in a trial are clearly different to those
for whom therapy is indicated that we should be dismissive of a trial’s
findings on the basis of the subjects in the trial.

To some, this approach seems to ignore everything that theory and
clinical experience can tell us about who will respond most to therapy.
The reader appears to be faced with a choice between accepting the find-
ings of clinical trials without considering the characteristics of patients in
the trial, or ignoring clinical trials altogether. That is, there appears to be
a choice between the unbiased but possibly irrelevant conclusions of high
quality clinical trials and relevant but possibly biased clinical intuition.
This suggests a compromise: a sensible way to proceed is to use estimates
of the effects of therapy as a starting point, but to modify these estimates
on the basis of clinical intuition. We will return to this idea in more detail
later in the chapter.

We have just considered how the selection of patients in a clinical trial may
affect our decision about the trial’s relevance to our patients. Exactly the
same considerations apply to the way in which interventions were applied.
Just as some readers will choose to ignore clinical trials whose subjects dif-
fer in some way from the patients about whom the reader wishes to make
inferences, we could choose to ignore clinical trials that apply the interven-
tion in a way that differs from the way that we might apply it.

A specific example concerns electrotherapy. There have now been a large
number of clinical trials in electrotherapy (at the time of writing, around 700
randomized trials). For the most part they are not very flattering. Most of
the relevant high quality trials suggest that electrotherapies have little clini-
cally worthwhile effect. Nonetheless, Laakso and colleagues (2002) have
argued that it would not be appropriate to dismiss electrotherapies as inef-
fective because all possible permutations of doses and methods of adminis-
tration have not yet been subjected to clinical trials. They argue that trials
may not yet have investigated the optimal modes for administering inter-
ventions and that future clinical trials may identify optimally effective
modes of administration that produce clinically worthwhile effects.

The counterargument mirrors that in the preceding section. It is very
difficult to identify precise characteristics of optimally administered ther-
apy. Indeed, it would seem impossible to expect that we could know with
any certainty about how best to apply a therapy before we have first
established with some certainty that the therapy is generally effective. As
there are usually many ways an intervention could be applied, it will
usually be impossibly inefficient to examine all possible ways of admin-
istering the therapy in randomized trials. The same paradox applies: when
we don’t know how best to apply a therapy there is likely to be diversity
of practice, and when there is diversity of practice readers are least inclined
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to accept the findings of clinical trials because, they argue, therapy was not
applied in the way they consider to be optimal. But this is not a workable
approach: when we don’t know the best way to apply therapy we cannot
be too fussy about how therapy is applied in a clinical trial.

On the other hand, where theory provides clear guidelines about how
a therapy ought to be administered, there is no point in basing clinical
decisions on trials that have clearly applied therapy in an inappropriate
way. Several clinical trials have investigated the effects of inspiratory
muscle training on dyspnoea in people with chronic airways disease
(reviewed by Lotters et al 2002). But many of these trials (30 of 57 identi-
fied by Lotters et al) utilized training intensities of less than 30% of max-
imal inspiratory pressure. Laboratory research suggests that much higher
training intensities (perhaps �60% of maximal force) are required to
increase strength, at least in appendicular muscles (McDonagh & Davies
1984). So it would be inappropriate to base conclusions about the effects of
inspiratory muscle training on studies which use low training intensities.

What practical recommendations can be made? 

A sensible approach to critical appraisal of clinical trials might be to
consider whether the intervention was administered in a theoretically
reasonable way. We should choose to disregard clinical trials that apply
therapy in a way that is clearly and unambiguously inappropriate.
However, where there is uncertainty about how best to apply a therapy we
should be prepared to accept the findings of the trial, even if the therapy
was administered in a way that differs to the way we may have chosen to
provide the therapy, at least until better evidence becomes available.

We conclude this section by considering how trial design influences
what can be inferred about intervention. In Chapter 3 we indicated that
there are three broad types of contrasts in controlled clinical trials: trials can
either compare an intervention with no intervention, standard interven-
tion plus a new intervention with standard intervention alone, or two
interventions. The nature of the contrast between groups determines what
inferences can be drawn from the trial. Thus, a trial which randomizes sub-
jects to receive either an exercise programme or no intervention can be
used to make inferences about how much more effective exercise is than no
intervention, whereas a trial which randomizes subjects to receive either
advice to remain active and an exercise programme or advice alone can be
used to make inferences about how much more effective exercise and
advice are than advice alone. In one sense, both trials tell us about the
effects of an exercise programme, but they tell us something slightly differ-
ent: the former tells us about the effects of exercise in isolation, whereas the
latter tells us about the supplementary effects of exercise, over and above
the effects of advice. The two may differ if there is an interaction between
the co-interventions. (In this example, we might expect that the effects of
exercise would be smaller if all subjects received advice to remain active.)

Good therapeutic interventions are those that make people’s lives better.
When we ask questions about the effects of an intervention, we most
need to know if the therapy improves the quality of people’s lives.
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What is a ‘better’ life? Is it a life free from suffering, or a happy life, a
life filled with satisfaction, or something else? If clinical trials are to tell us
about the effects of an intervention, what are they to measure? Clinical 
trials may provide indirect measures of people’s suffering, but they rarely
report the effects of therapy on happiness or satisfaction. The closest clinical
trials get to telling us about outcomes that are really worth knowing about
is probably ‘health-related quality of life’. Health-related quality of life is
usually assessed with patient-administered questionnaires.

In principle there are two sorts of measures of health-related quality of
life: generic measures, designed to allow comparison across disease types,
and disease-specific measures (Guyatt et al 1993). Two examples of generic
measures of quality of life are the SF-36 and the EuroQol. Examples of
specific measures of quality of life are those designed for people suffering
from respiratory disease (the Chronic Respiratory Disease Questionnaire;
Guyatt et al 1987) and rheumatoid arthritis (the RAQol; e.g. Tijhuis et al
2001). Disease-specific measures of quality of life focus on the dimen-
sions of quality of life that most affect people with that disease, so they
tend to be more sensitive, and they usually provide more useful informa-
tion for clinical decision-making.

But many clinical trials, probably a majority, do not attempt to directly
measure quality of life. Instead they measure variables that are thought
to directly relate to, or are a component of, quality of life. Examples include
measures of pain, disability or function, dyspnoea and exercise capacity.
In so far as these measures are related to quality of life, they can help us
make decisions about intervention.

Sometimes the variables that relate most closely to quality of life can-
not easily be measured. A work-around used in many trials is to measure
more easily measured outcomes that are known to be related to the con-
struct of interest. The measured outcome (sometimes referred to as a ‘sur-
rogate’ measure) acts as a proxy for the construct of real interest. An
example arises in trials of the effects of an exercise programme for post-
menopausal women with osteoporosis. Exercise programmes are offered
to post-menopausal women with or at risk of osteoporosis, with the aim
of reducing fracture risk. But it is very difficult to conduct trials which
assess the effects of exercise on fracture risk. Such trials must monitor
very large numbers of people for long periods of time in order to observe
enough fractures.2 The easier alternative is to assess the effects of exercise
on bone density. Many trials have measured the effects of exercise pro-
grammes on bone density because the effects of exercise on bone density
can be assessed in much smaller trials. Other examples of surrogate meas-
ures in clinical trials in physiotherapy are measures of postural sway
(sometimes used as a surrogate for falls risk in trials of falls prevention
programmes; Sherrington et al 2004) and measurement of performance
on lung function tests (used as a surrogate for respiratory morbidity in
trials of interventions for cystic fibrosis; McIlwaine et al 2001).
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2For example, according to the usual conventions, if the 1-year fracture risk in control
subjects was 5% and we wanted to be able to reliably detect reductions in risk of 2% or
more, we would need to see 3000 subjects in the trial.
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Trials that measure surrogate measures potentially provide us with
answers to our clinical questions. However, there are two reasons why such
trials may appear to be more useful than they really are. First, our primary
interest in clinical trials stems from their potential to provide us with clini-
cally useful estimates of the effects of intervention (more on this in the next
section), yet it may be very difficult to get a sense for the effect of an inter-
vention by looking at surrogate measures. It is easier to interpret a trial that
tells us exercise reduces 1-year fracture risk from 5% to 3% than a trial that
tells us exercise increases bone density by 6 mg/cm3 at 1 year.3 A more seri-
ous concern is that the surrogate and the construct of interest may become
uncoupled as a result of intervention. That is, it may be that the surrogate
measure and the outcome of interest respond differently to intervention.
There have been notorious examples from medicine in which drugs that had
been shown to have beneficial effects on surrogate outcomes were subse-
quently shown to produce harmful effects on clinically important outcomes.
For example, encainide and flecainide were known to reduce ventricular
ectopy (a surrogate outcome) following myocardial infarction, but a ran-
domized trial (Echt et al 1991) showed that these drugs substantially
increased mortality4 (a clinically important outcome). We can rarely be sure
that surrogate measures provide us with valid indications of the effect of
therapy on the constructs we are truly interested in (de Gruttola et al 2001).

One of the reasons that not all clinical trials measure quality of life is
the concern that such measures may not be sensitive to effects of inter-
vention. Indeed, some trialists believe that generic quality of life measures
such as the SF-36 are generally not useful in clinical trials because they
may change little, even when there are apparent changes in a patient’s
condition. It is true that outcome measures in clinical trials are only use-
ful if they are sensitive to clinically important change. However, there
may be circumstances in which interventions produce effects that are
clinically evident but not clinically important. An example might be an
intervention that produces more muscle activity in the hemiparetic hand
after stroke, but which does not produce appreciable improvements in
hand function. Outcomes measures in clinical trials must be capable of
detecting changes that are important to patients,5 but they need not
always be sensitive to clinically evident change.
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3The best way to make sense of this result would be to look at well-designed 
epidemiological studies which try to quantify the effects of bone density on fracture risk.
4Over the mean 10-month follow-up in this trial, 23 of 743 subjects receiving placebo
therapy, and 64 of 746 patients receiving encainide or flecainide died. As we shall see
later in this chapter, this implies that encainide and flecainide killed one in every 
18 patients to whom it was administered.
5This does not mean that the outcome measure must be sensitive to change in individual
patients. One factor that limits sensitivity to change of measures on individual patients is
random measurement error. Random measurement error can be quantified with a range
of indices, including the minimal change detectable with 90% certainty, or MDC90. But
random measurement errors are of much less concern in clinical trials because they
average out across subjects. Trials with equal sample sizes in each group can detect
effects of the order of MDC90 � (2/n)�2, where n is the number of subjects in each
group. Thus a trial with 100 subjects in each group may be able to detect effects of the
order of one-fifth of the change that is detectable on a single patient.
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Some clinical trials do not measure outcomes that matter to patients.
This may be because the trialists are interested in questions about the
mechanisms by which interventions have their effects, rather than in
whether the intervention is worth applying in clinical practice. For example,
Meyer et al (2003) randomized subjects with reduced ventricular func-
tion to either a 2-month high intensity residential exercise training pro-
gramme or to a control group. They measured indices of ventilatory gas
exchange, blood lactate and arterial blood gas levels, cardiac output and
pulmonary artery and wedge pressures. The effect of exercise on these
outcomes may be of considerable interest because it is important to know
the physiological effects of exercise in the presence of ventricular failure.
However, the outcomes have no intrinsic importance to patients, so the
trial cannot tell us if the intervention has effects that will make it worth
implementing. Trials such as this tell us about mechanisms of therapy,
but they give us little information that can help us decide if the therapy is
worth applying. These trials are of use to theoreticians interested in
developing ways of providing therapy, but they do not help clinicians
decide whether they should use the therapy in clinical practice.

In summary, when critically appraising a clinical trial it is sensible to
consider if the trial measures outcomes that matter to patients. If not,
the trial is unlikely to be able to guide clinical decision-making.

The third and last part of the process of critical appraisal of studies of the
effects of interventions involves assessing whether the therapy does
more good than harm.

In controlled clinical trials, attention is often focused on the ‘p value’ of
the difference between groups. The p value is used to determine if the dif-
ference between groups is likely to represent a real effect of intervention or
could have occurred simply by chance: ‘p’ is the probability of the observed
difference in groups occurring by chance alone. A small probability (con-
ventionally, p � 5%) means that it is unlikely that the difference would have
occurred by chance alone, so it is said to constitute evidence of an effect
of intervention.7 Higher probabilities (conventionally, probabilities �5%)
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WHAT DOES THE
EVIDENCE SAY?6

Does the intervention do
more good than harm?

6This section is reproduced, with only minor changes, from Herbert RD (2000a, 2000b):
We are grateful to the publishers of the Australian Journal of Physiotherapy for granting
permission to reproduce this material.
7This is a conventional interpretation of p values. However, critics argue that this
interpretation is incorrect. The contemporary view is not consistent with either the
Fisherian or Neyman–Pearson approaches to statistical inference (Gigerenzer 1989).
Moreover, there are some powerful arguments supporting the view that p should not 
provide a measure of the strength of evidence or belief for or against a hypothesis. In
the internally consistent Neyman–Pearson view of statistical inference, p serves no other
function than to act as a criterion for optimally accepting or rejecting hypotheses. The
strength of the evidence supporting one hypothesis over another is given by the ratio of
their likelihoods, not by p values. And the strength of belief for or against a hypothesis
requires consideration of prior probabilities. Readers interested in exploring these ideas
further could consult the marvellous expositions of these ideas by Barnett (1982) and
Royall (1997).
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indicate that the effect could have occurred by chance alone. High p values
are usually interpreted as a lack of evidence of an effect of intervention.

A consequence of this tortuous logic is to distract readers from the
most important piece of information that a trial can provide, that is, inform-
ation about the magnitude of the intervention’s effects. If clinical trials
are to influence clinical practice they must determine more than simply
whether the intervention has an effect. They must, in addition, ascertain
how big the effect of intervention is. Good clinical trials provide unbiased
estimates of the size of the effect of an intervention. Such estimates can 
be used to determine if the intervention has a big enough effect to be 
clinically worthwhile.

What is a clinically worthwhile effect? That depends on the costs and
risks of the intervention. Costs most obviously include monetary costs (to
the patient, health provider or funder), but they also include the incon-
venience, discomfort and side-effects of the intervention. When costs are
conceived of in this way it is apparent that all interventions come at some
cost. If an intervention is to be clinically worthwhile its positive effects
must exceed its costs; it must do more good than harm. Clinical trials
often provide information about the size of effects of interventions, but
they rarely provide information about all of the costs of intervention.

Thus the evaluation of whether an intervention provides a clinically
worthwhile effect usually requires weighing evidence about beneficial
effects of the intervention (provided by clinical trials) against subjective
impressions of the costs and risks of the intervention.

In subsequent sections we will consider how we can use clinical trials to
tell us about what the effects of a particular intervention are likely to be.
We will go about this in a slightly different way, depending on whether
outcomes are measured on continuous or dichotomous scales.8 Outcomes
can be considered to be measured on continuous scales when it is the
amount of the outcome that has been measured on each patient. Examples
of outcomes measured on continuous scales are pain intensity measured
on a visual analogue scale, disability measured on an Oswestry scale,
exercise capacity measured as 12 minute walking distance, or shoulder
subluxation measured in millimetres. These contrast with dichotomous
outcomes, which can only have one of two values. Dichotomous variables
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8Purists will object to classification of outcomes as either continuous or dichotomous.
Their first objection might be that we should add further classes of outcomes. Some 
outcomes are ‘polytomous’: they can have more than two values (like continuous
variables) but can only take on discrete values (like dichotomous variables). An
example is the walking item of the Motor Assessment Scale, which can have integer
values of 1–6. For our purposes we can treat most polytomous outcomes (all with more
than a few levels on their scale) as if they were continuous outcomes. Another class 
of outcomes are ‘time-to-event’ outcomes. As the name suggests, measurement of 
time-to-event outcomes involves measuring the time taken until an event (such as
injury) occurs. Yet another form of outcomes are counts of events. Clinical trials that
report time-to-event data or count data often provide the data in a form that enables the
reader to extract dichotomous data. We will not consider polytomous, time-to-event or
count data any further here.

Continuous and
dichotomous outcomes
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are usually events that either happen or do not happen to each subject.
Examples of dichotomous variables are death, respiratory complications,
ability to walk independently, ankle sprains, and so on.

We shall first consider how to obtain estimates of the size of the effects
of intervention from clinical trials with continuous outcomes. Then we
shall consider how to obtain estimates of the effect of intervention on
dichotomous outcomes.

All interventions have variable effects. With all interventions, some patients
benefit from the intervention but others experience no effect, or even
harmful effects. Thus, strictly speaking, we cannot talk of ‘the effect’ of an
intervention. What useful information can a clinical trial provide if it can-
not tell us about how all patients (or any individual patient) will respond
to intervention? Clinical trials can provide an estimate of the average
effects of intervention. 

Fortunately, the average effect of intervention is usually the most likely
or expected effect of intervention.9

Thus, while clinical trials cannot tell us about what the effect of an inter-
vention will be for a particular patient, they can give us an unbiased ‘best
guess’.10

A sensible way to use estimates, from clinical trials, of the effects of inter-
vention is to consider them as a starting point for predicting the effect on
any particular patient. This can then be modified up or down depending on
the characteristics of the particular patients to whom the intervention is to
be applied.11 For example, Cambach et al (1997) found that a 3-month 
community-based pulmonary rehabilitation programme produced modest
effects on 6-minute walking distance (39 metres) and quality of life (17 points
on the 100-point Chronic Respiratory Disease Questionnaire). We could rea-
sonably anticipate bigger effects than this among people who have very
supportive home environments and access to good exercise facilities, and we
might expect relatively poor effects among people who have co-morbidities,
such as rheumatoid arthritis, that make exercise more difficult.

The advantage of this approach is that it combines the objectivity of clini-
cal trials (which provide unbiased estimates of average effects of interven-
tion) with the richness of clinical acumen (which may be able to distinguish
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9This bold statement is true in one sense but not in another. The mean effect in the popu-
lation is the expectation of the effect (Armitage & Berry 1994). The difficulty arises because
we can only estimate, and cannot know, the population mean. The mean effect of the
intervention observed in the study sample is a ‘maximum likelihood estimator’ of the
mean effect in the hypothetical population from which the sample could be considered
to have been randomly drawn (Barnett 1982). This implies that the estimated mean effect
would have been most likely to have been observed if the mean effect in the population
was equal to the estimated mean effect. It is not equivalent to saying that the mean effect
observed in the sample is the most likely value of the mean effect in the population.
10The same limitation applies to all sources of information about effects of intervention –
this is not a unique limitation of clinical trials.
11Later in this chapter we will see that there are complementary statistical techniques for
modifying estimates of treatment effects on the basis of baseline severity or risk.

Continuous outcomes
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between probable good and poor responders to intervention).12 Of course,
care must be taken when using clinical reasoning to modify estimates of
effects provided by clinical trials. A conservative approach would be to
ensure that the estimate of the effect of intervention is modified downwards
as often as it is modified upwards, although it may be reasonable to depart
from this approach if the patients in the trial differ markedly, on average,
from the clinical population being treated. Particular caution ought to be
applied when a clinical trial provides evidence of no effect of intervention.

The easiest way to make decisions about whether an intervention has a
clinically worthwhile effect is to first nominate the smallest effect that is
clinically worthwhile. This is a subjective decision that involves consider-
ation of patients’ perceptions of both the benefits and costs of interven-
tion.13,14 Then we can use estimates of the effects of intervention to decide
if intervention will do more good than harm.

The process of weighing benefit and harm can be done in two ways.
Individual therapists can develop personal ‘policies’ about particular
interventions. Such policies might stipulate that particular interventions
will, or will not, be routinely offered to patients with certain conditions.
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Weighing benefit and
harm: is the effect

clinically worthwhile?

12Some of our colleagues object to this approach on the grounds that clinical acumen is
not all it is cracked up to be. It would be very interesting to see some empirical tests of
the accuracy of clinical judgements of who will respond most and least to intervention.
13Some researchers have conducted surveys in an attempt to discern what patients 
consider to be the smallest clinically worthwhile effects. (For a discussion of methods
used to estimate the smallest worthwhile effects, see Jaeschke et al 1989 and Hajiro &
Nishimura 2002). Such studies potentially provide very useful information for
physiotherapists making ‘policies’ about management. To be meaningful, estimates 
of smallest clinically worthwhile effects must be intervention-specific because they
involve consideration of the costs of the intervention. However, few studies have
provided intervention-specific estimates of the smallest worthwhile effect. Occasionally
researchers have stipulated what they consider to be minimally clinically worthwhile
effects of intervention (e.g. Schonstein et al 2003). These recommendations carry
relatively little authority because they are based on the opinions of the researchers,
rather than the opinions of patients, but at least they make statements about what is
clinically worthwhile more transparent. Blanket statements about what constitutes a
worthwhile effect of interventions for a particular condition (such as ‘we considered a
10-mm difference on the VAS and a 2-point or greater difference on the RDQ as
clinically relevant’, Assendelft et al 2003) are less useful because ‘clinically relevant’
effects must be intervention-specific.
14The process of deciding what is a clinically worthwhile effect is most straightforward
when we conceive of treatment effects in terms of the difference between outcomes of a
group receiving intervention and a group not receiving intervention. Then the smallest
worthwhile effect is that which makes the intervention worth its costs. Alternatively, 
if we are interested in how much benefit is obtained by adding an intervention to a 
standard therapy, then we must think of the smallest worthwhile effect in terms of how
much of a difference in outcomes would make the costs of adding the new therapy
worthwhile. A trickier scenario arises when we wish to compare the effectiveness of two
interventions. Then we must decide if the better outcomes produced by one intervention
is worth its extra costs over and above the costs of the other intervention. Sometimes the
two interventions will be very similar in terms of their costs, in which case any difference
in the outcome of the two interventions could be considered to indicate that the 
intervention with the better outcome is worthwhile. And sometimes the better therapy
will be associated with less cost, in which case it will always be worthwhile.
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For example, some therapists have a personal policy not to offer ultra-
sound therapy to people with ankle sprains. This policy can be defended
on the grounds that, on average, ultrasound does not appear to produce
benefits that most patients would consider minimally worthwhile (van
der Windt et al 2004). To make this decision, the physiotherapist has to
anticipate patient preferences and make decisions that he or she believes
are in the patients’ best interests.

Alternatively, decisions about therapy can be negotiated individually
with patients. This involves discerning what individual patients want
from therapy, and what their values and preferences are (see p. 161). Some
patients are intervention-averse, and will only be interested in intervention
if it makes a big difference to quality of life. Others are intervention-tolerant
(or even intervention-hungry!) and are prepared to try interventions that are
expected to have little effect. As an example, there is quite strong evidence
that electrical stimulation of rotator cuff muscles can prevent glenohumeral
subluxation after hemiparetic stroke (Ada & Foongchomcheay 2002), but
this does not mean that all patients with hemiparetic stroke should be given
electrical stimulation. Instead, the benefits (a mean reduction of subluxation
by 6.5 mm) should be weighed against ‘costs’ (application of a moderately
uncomfortable modality for several hours each day for several weeks).
Some patients will consider the expected benefit of therapy worthwhile and
others will not. This provides a legitimate basis for variations in practice.
Quite different decisions about interventions might be made for patients
with similar clinical presentations but different values and preferences.
The physiotherapist’s role is to elicit patient preferences and assist in the
process of making decisions about intervention, as discussed in Chapter 1.

To illustrate this process we will consider if the application of a pneu-
matic compression pump produces clinically worthwhile reductions in
post-mastectomy lymphoedema. We might begin by nominating the small-
est reduction in lymphoedema that would make the costs of the compres-
sion therapy worthwhile. Most therapists, and perhaps even most patients,
would agree that a short course of daily compression therapy would be
clinically worthwhile if it produced a sustained 75% reduction in oedema.
Most would also agree that a 15% decrease was not clinically worthwhile.
Somewhere in between these values lies the smallest clinically worthwhile
effect. This value is best arrived at by discussion with the particular patients
for whom the intervention is intended. Let us assume for the moment that
a particular patient (or typical patients) considers that the smallest reduc-
tion in oedema that would make therapy worthwhile is around 40%.

Does compression therapy produce reductions in lymphoedema of
this magnitude? Perhaps the best answer to this question comes from a
randomized trial by Dini et al (1998) that compared 2 weeks (10 days) of
daily intermittent pneumatic compression with a control (no treatment)
condition. We will use the findings of this trial to estimate what the effect
of compression therapy is likely to be.

For continuous outcomes, the best estimate of the effect of an interven-
tion is simply the difference in the means (or, in some trials, the medians)
of the intervention and control groups. In the trial by Dini et al (1998),
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Estimating the size of an
intervention’s effects
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oedema was measured by measuring arm circumference at seven locations,
summing the measures, and then taking the difference of the summed
circumference of affected and unaffected arms (positive numbers indi-
cate that the affected arm had a larger circumference than the unaffected
arm). After the 2-week experimental period the oedema was 14 cm (SD 6)
in both the control group and in the intervention group. Thus the best
estimate of the effect of intervention (compared to no intervention) is that
it has no effect on oedema. Clearly the effect is smaller than the smallest
clinically worthwhile effect, which we had decided might be about 40%.
Our expectation should be that when pressure therapy is applied to this
population in the manner described by Dini et al, there will be little effect.
Our best guess is that the effect of the intervention will be, on average,
not clinically worthwhile.

Another example comes from a trial by O’Sullivan and colleagues
(1997). These authors examined the effects of specific segmental exercise
for people with painful spondylolysis or spondylolysthesis. Subjects
were randomly allocated to groups that received either a 10-week pro-
gramme of training of the deep spinal stabilizing muscles (10–15 minutes
of exercise daily) or routine care from a medical practitioner. Pain inten-
sity was measured after the intervention period on a 100-mm visual ana-
logue scale (maximum score of 100). To interpret the findings of this
study we could begin by nominating the smallest clinically worthwhile
effect. Patients with spondylolysthesis often experience chronic pain or
recurrent episodes of pain, so they may be satisfied with the intervention
even if it had relatively modest effects: a 20% reduction in pain intensity,
if sustained, may be perceived as worthwhile. The trial found that, after
intervention, mean pain in the intervention group was 48 mm and mean
pain in the control group was 19 mm, indicating that the effect of specific
muscle training was, on average, 29 mm (or 29/48 � 60% of the pain level
in the control group). Effects of this magnitude are considerably greater
than the threshold of 20% and are likely to be perceived as worthwhile by
most patients. Of course, some patients may perceive that therapy would
only be worthwhile if it gave them complete relief of symptoms; these
patients would consider the treatment effect too small to be worthwhile.

In the two examples just used, outcomes were measured in terms of
the amount of oedema and the degree of pain intensity at the end of the
experimental period. Some trials, instead, report the change in outcome
variables over the intervention period. In such trials the measure of the
effect of intervention is still the difference of the means (this time of the
difference of the mean change) in intervention and control groups.15
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15Some readers will wonder why we do not always use change scores rather than end
scores to estimate the effects of intervention. At first glance, change scores seem to take
account of differences between groups at baseline, whereas end scores do not. It is true
that change scores may be preferred over end scores, but not because they take better
account of baseline differences. When the correlation between baseline scores and end
scores is greater than 0.5 (as is usually the case), change scores will have less variability
than end scores, so that (as we shall see shortly) when these conditions are satisfied we
can get more precise estimates of the effect of intervention from change scores than 
end scores (Cohen 1988). (In fact, even change scores are not optimally efficient. 
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Even when clinical trials are well designed and conducted, their findings
are associated with uncertainty. This is because the difference between
group means observed in the study is only an estimate of the true effect
of intervention derived from the sample of subjects in the clinical trial.
(Our estimate of the effects of compression therapy has uncertainty asso-
ciated with it because the estimate was obtained from the 80 subjects
employed in the study by Dini et al (1998), not from all patients in the
population we want to make inferences about.) The outcomes in this
sample, as in any sample, approximate but do not exactly equal the aver-
age outcomes in the populations which the sample represents. Thus the
average effect of intervention reported in the study approximates but
does not equal the true average effect of intervention. Rational interpre-
tation of the clinical trial requires consideration of how good an approxi-
mation the study provides. 

That is, to properly interpret a study’s findings it is necessary to know
how much uncertainty is associated with its results. 

The degree of uncertainty associated with the effect of an intervention
can be described with a confidence interval (Gardner & Altman 1989).
Most often the 95% confidence interval is used. Roughly speaking, the 95%
confidence interval is the range within which we can be 95% certain that
the true average effect of intervention actually lies.16 (Note that the confi-
dence interval describes the degree of uncertainty about the average effect
on the population, not the degree of uncertainty of the effect on individ-
uals.) The 95% confidence interval for the difference between means in the
trial by Dini et al extends from approximately �3 to �3 cm (methods used
to calculate confidence intervals are presented in Box 6.1 on pages 141–142.
This suggests that we can suppose that the true average effect of pressure
therapy lies somewhere between a reduction in oedema of 3 cm and an
increase in oedema of 3 cm. All of the values encompassed by the 95% con-
fidence interval are smaller than what we nominated as the smallest clini-
cally worthwhile effect. (We had nominated a smallest worthwhile effect of
40%; as the initial oedema was 14 cm, this corresponds to a reduction in
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Estimating uncertainty

Covariate-adjusted scores will always be more efficient again, so covariate-adjusted
scores are preferred wherever they are available.) But change scores do not better
account for baseline differences, at least not in the sense of removing bias due to baseline
differences. In randomized trials, baseline differences are due to chance alone. Averaged
across many trials, baseline differences will be zero. So, averaged across many trials,
analyses of change scores and analyses of end scores will give the same result. Both give
unbiased estimates of the average effect of intervention.
16This interpretation is easy to grasp and easy to use but, strictly speaking, incorrect
(see footnote 9). One justification for perpetuating the incorrect interpretation is 
that it may be a reasonable approximation; 95% confidence intervals for differences
between means correspond closely to 1/32 likelihood intervals (Royall 1997), which
means that they correspond to the interval most strongly supported by the trial 
data. Also, in the presence of ‘vague priors’ (that is, in the presence of considerable
uncertainty about the true effect prior to the conduct of the trial), 95% confidence
intervals usually correspond quite closely to Bayesian 95% credible intervals that can
more legitimately be interpreted as ‘the interval within which the true value probably
lies’ (Barnett 1982).
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oedema of 40% � 14 cm or about 6 cm.) Thus we can conclude that not
only is the best estimate of the magnitude of the effect less than the small-
est clinically worthwhile effect (0 cm � 6 cm), but also that no value of the
effect that is plausibly consistent with the findings of this study exceeds 
the smallest clinically worthwhile effect. These data strongly suggest that
pressure therapy does not produce clinically worthwhile reductions in
lymphoedema.

Some readers will find confidence intervals easier to interpret if they
sketch the confidence intervals on a ‘tree’ plot,17 as in Figure 6.1. The tree
plot consists of a line along which effects of intervention could lie. The
middle of the line represents no effect (difference between group means
of 0). The usual convention is that the right end of the line represents a
very good effect (intervention group mean minus control group mean is
a large positive number) and the left end represents a very harmful inter-
vention (intervention group mean minus control group mean is a large
negative number). For any trial we can draw three variables on this graph
(Figure 6.2A): the smallest clinically worthwhile effect (in our example
this is 6 cm), the best estimate of the effect of intervention (the difference
between group means from Dini et al’s randomized controlled trial, 
or 0 cm), and the 95% confidence interval about that estimate (�3 cm
to �3 cm). The region to the right of the smallest clinically worthwhile
effect is the domain of clinically worthwhile effects of intervention. The
graph for the Dini trial (Figure 6.2A) clearly shows that there is not a clini-
cally worthwhile effect, because neither the best estimate of the effect of
intervention nor any point encompassed by the 95% confidence interval
lie in the region of a clinically worthwhile effect.

In the example that was just used, the effect of intervention was clearly not
large enough to be clinically worthwhile. This is a helpful result because
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Effect of treatment

Very harmful

intervention

Very effective

intervention

Smallest

worthwhile  effect

Treatment is not

worthwhile
Treatment is

worthwhile

0

Figure 6.1 ‘Tree plot’ of effect size. The tree plot consists of a horizontal line
representing the effect of intervention. At the extremes are very harmful and very
effective interventions. The smallest worthwhile effect is represented as a vertical
dotted line. This divides the tree plot into two regions: the region to the left of this line
represents effects of intervention that are too small to be worthwhile, whereas the
region to the right of this line represents interventions whose effects are worthwhile.

Living with uncertainty

17We call these tree plots because they resemble one element of a forest plot. (For an
example of a forest plot, see Figure 6.6.)
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Effect of treatment
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effect � 6 cm
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Effect of treatment
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intervention

Very effective
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effect � 10 mm

0

Very harmful

intervention

Very effective

intervention

Smallest worthwhile

effect � 40%

0

�3 cm

15 mm    29 mm     43 mm

7%                                               70%                 100%

Effect of treatment

3 cm0 cm

Figure 6.2 A Data from Dini et al (1998) on effects of pressure therapy on post-
mastectomy oedema. The smallest clinically worthwhile effect has been nominated as
a reduction of oedema by 40% of initial oedema levels (or about 6 cm). The best
estimate of the size of the treatment effect (no effect at all) has been illustrated as a
small square, and the 95% confidence interval about this estimate (�3 to �3 cm) 
is shown as a horizontal line. The effect of intervention is clearly smaller than the
smallest clinically worthwhile effect. B Data from O’Sullivan et al (1997) on effects of
specific exercise on pain intensity in people with spondylolisthesis and spondylolysis.
The mean effect is a reduction in pain of 29 mm on a 100 mm visual analogue scale
(VAS) (95% CI 15 to 43 mm). This is clearly more than the smallest worthwhile effect,
which we nominated as a 10 mm reduction (or approximately 20% of the initial pain
levels of 48 mm). C Data from Sand et al (1995) on effects of a programme of
electrical stimulation on urine leakage in women with stress urinary incontinence.
The smallest clinically worthwhile effect has been nominated as 40%. The best
estimate of the size of the treatment effect (a 70% reduction in leakage) is very
worthwhile (much more than a 40% reduction in leakage). However, the 95%
confidence interval for this estimate is very wide (7 to 100%). (In this particular 
case the confidence intervals are not symmetrical because it is not possible to reduce
leakage by more than 100%.) The confidence intervals include effects of intervention
that are both smaller than the smallest worthwhile effect and greater than the
worthwhile effect. Thus, while the best estimate of the treatment effect is that it is
clinically worthwhile, this conclusion is subject to a high degree of uncertainty.
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it gives us some certainty about the effect (in this case, the lack of any
worthwhile effect) of the intervention. In other examples, such as with the
trial by O’Sullivan et al (1997) on specific muscle training for people with
spondylolysis and spondylolysthesis, we may find clear answers in the
other direction (Figure 6.2B). We have already seen that the mean effect of
treatment reported in the O’Sullivan trial was 29 mm, substantially more
than the smallest worthwhile effect (20% of 48 mm or about 10 mm). The
95% confidence interval for this effect is approximately 15 to 43 mm.18

Consequently, the entire confidence interval falls in the region that is greater
than the smallest worthwhile effect. Again this is helpful because it tells
us with some certainty that the intervention produces clinically worth-
while effects.

Unfortunately, the results will often be less clear. Ambiguity arises when
the confidence interval spans the smallest clinically worthwhile effect,
because then it is plausible both that the intervention does and does not
have a clinically worthwhile effect. Part of the confidence interval is less
than the smallest clinically worthwhile effect and part of the confidence
interval is greater than the smallest clinically worthwhile effect; either
result could be the true one. For example, Sand et al (1995) showed that
15 weeks of pelvic floor electrical stimulation for women with genuine
stress incontinence produced large reductions in urine leakage (average
of 32 ml or 70% reduction) compared to sham stimulation. This result is
shown on a tree plot in Figure 6.2C. The mean difference suggests a large
and worthwhile effect of intervention, but the 95% confidence interval
spanned from a 7% to a 100% reduction. There is, therefore, a high degree
of uncertainty about how big the effect actually is, and because the lower
end of the confidence interval includes trivially small reductions in urine
loss it is not certain, on the basis of this trial alone, that the intervention is
worthwhile.

This situation, when the confidence interval spans the smallest worth-
while effect, arises commonly for two reasons. First, the designers of clini-
cal trials conventionally use sample sizes that are sufficient only to rule
out no effect of intervention if there truly is a clinically worthwhile effect,
but such samples may be too small to prevent their confidence intervals
spanning the smallest clinically worthwhile effect. Second, many inter-
ventions have modest effects (their true effects are close to the smallest
clinically worthwhile effect), so their confidence intervals must be very
narrow if they are not to span the smallest clinically worthwhile effect.
Consequently few studies provide unambiguous evidence of an effect, or
lack of effect, of intervention.

There are two ways to respond to the uncertainty that is often pro-
vided by single trials. First, we can accept uncertainty and proceed on the

WHAT DOES THIS EVIDENCE MEAN FOR MY PRACTICE?140

18Try and do the calculations yourself using the formula in Box 6.1. The key data are
that (a) mean pain intensity was 48 mm in the control group and 19 mm in the exercise
group, (b) the standard deviations were 23 in the control group and 21 in the exercise
group, and (c) both groups contained 21 subjects.
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19The derivation is as follows. If we assume equal group
sizes (n) and equal standard deviations (SD) in the two
groups, the standard error of the difference in means (SEdiff)
is SD/�(2/n). For reasonably large samples, the 95% CI is �
difference � 1.96 SEdiff, or difference � 1.96 SD/�(2/n), which is �
difference � 3 SD/�n. A simple estimate of the SD is given by
SDav, and we can substitute nav for n. Hence the 95% CI is
approximated by the difference � 3 SDav/�nav.
20The procedures described above for calculating the
confidence interval of the difference between two means will
tend to produce overly conservative confidence intervals
(confidence intervals that are too broad) in some
circumstances. In particular, this procedure will tend to
produce confidence intervals that are too broad when the
study is a cross-over study, a study in which subjects are
matched prior to randomization, or a study in which

statistical procedures (such as ANCOVA) are used to partition
out explainable sources of variance. Less often, if the sample
size is small and the group sizes are very unequal, the
confidence interval may be too narrow. In such studies it is
highly desirable that the authors report confidence intervals
for the differences between groups.
21In fact, if you are prepared to do the calculations roughly,
they are easy enough to do without a calculator. Rough
calculations can be justified because small differences in the
width of confidence intervals are unlikely to make any
difference to the clinical decision. The hard part of the
equation is in taking the square root of the sample size. But
you can take advantage of the fact that square roots are
insensitive to approximation. You will probably make the
same clinical decision if you calculate that the square root of
40 is 6.3246, or if you just say it is ‘about 6’.

When confidence intervals about differences
between group means are not explicitly supplied in
reports of clinical trials, it is usually an easy matter
to calculate these from the data reported in trials.

The confidence intervals for the difference
between the means for two groups can be calculated
from the difference between the two means
(difference), their standard deviations and the group
sizes. An approximate 95% confidence interval is
given by first obtaining the average of the two
standard deviations (SDav) and the average of the
group sizes (nav). Then the 95% confidence interval
(95% CI) for the difference between the two means
is calculated from:

95% CI � difference � (3 � SDav)/�nav

(Herbert 2002a).19 (The ‘�’ symbol means ‘is
approximately equal to’.) In other words, the
confidence interval spans an interval from
(3 � SD)/�nav below the difference in group means to
(3 � SD)/�nav above the difference in group means.

This equation is an approximation to the more
complex equation that should be used when trialists
analyse their data, but it is an adequate approximation
for readers of clinical trials to use for clinical
decision-making.20 It has the advantage that it is
simple enough to be routinely calculated whenever a
clinical trial does not report the confidence interval
for the difference between group means.21

In the trial by Dini et al (1998) on 80 subjects
(average group size of 40), the authors reported
mean measures of oedema for both intervention and
control groups (14 cm for both groups), and the
standard deviations about those means (6.0 cm for
both groups), but they did not report the 95%
confidence interval for the difference between
means. The 95% confidence interval can be
calculated from this data and is:

95% CI � (14 � 14) � (3 � 6)/�40
95% CI � 0 � 3
95% CI � �3 to �3 cm

Box 6.1 A method for calculating confidence intervals for differences between means

basis of the best available evidence. In this approach, clinical decisions
are based on the difference between group means. When the difference
exceeds the smallest clinically worthwhile effect the intervention is thought
to be worthwhile, and when the difference between group means is less
than the smallest clinically worthwhile effect the intervention is thought
to be insufficiently effective. With this approach the role of confidence
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intervals is to provide an indicator of the degree of self-doubt that should
be applied, but they do not otherwise affect clinical decisions. An alterna-
tive is to seek more certainty by determining if the findings of individual
studies are replicated in other, similar studies. This is one of the reasons
why systematic reviews of randomized controlled trials are potentially a
very useful source of information about the effects of intervention. As we
saw earlier in this chapter, systematic reviews can combine the results of
individual trials in a meta-analysis, effectively providing a single result
from many studies. The combined result is derived from a relatively large
sample size, so it usually provides a more precise estimate of effects of
intervention (its confidence intervals are relatively narrow), and it is more
likely it will provide unambiguous information about the effect of inter-
vention (narrow confidence intervals are less likely to span the smallest
clinically worthwhile effect). We shall consider the role of meta-analysis
further later in this chapter.
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22Some readers will wonder why the 95% CI is �3 SEav, and
not �2 SEav (or �1.96 SEav). The explanation is that the 95%
CI for the difference between two means is equal to the
difference �1.96 SEdiff, not the difference �1.96 SEav.
When sample sizes and SDs of both groups are equal,
SEdiff � �2 SEav.
23Occasionally papers will report the 95% CI for each
group’s mean. This is unhelpful, because we really 
want to know the 95% CI for the difference between the 
two means. It is possible, albeit tedious, to convert the 95%
CIs for the two group means into a CI for the difference
between the two means. To do so we take advantage 
of the fact that the 95% CI for a group mean is �4 SE
wide.

Here’s what to do:
Take the 95% CI for the control group’s mean and

determine its width by subtracting the lower limit of the
confidence interval from the upper limit. Then divide the
width of the confidence interval by 4 to get the standard
error for the control group mean. Repeat the procedure to
calculate the standard error for the intervention group. Then
take the average of the two SEs to get the SEav. Then you can
calculate the 95% CI for the difference between groups as the
difference � 3 SEav.
24As a rough approximation you can use the equation
presented above by treating medians like means and
approximating the SD as three-quarters of the inter-quartile
range or one-quarter of the range.

Often papers will report standard errors of the means
(SEs), rather than standard deviations. In that case
the calculation is even simpler:22,23

95% CI � difference � 3 � SEav

Many trials have more than two groups (as there
may be more than one intervention group, or more
than one control). The reader must then decide
which between-group comparison is (or are) of most
interest, and then the 95% confidence intervals for
differences between these groups can be calculated
in the same way as above. Similarly, most trials
report several, and sometimes many, outcomes. It is
tedious to calculate 95% confidence intervals for all
outcomes, and the best approach is usually to decide

which few outcomes are of greatest interest, and
then calculate 95% confidence interval for those
outcomes only.

Sometimes a degree of detective work is required
to find the standard deviations or standard errors. If
the standard deviations or standard errors are not
explicitly given, they may sometimes be obtained
from the error bars in figures. In other trial reports
there may be inadequate reporting of trial outcomes
and it will not be possible to calculate 95%
confidence intervals. Such trials are difficult to
interpret. Some trials report medians and interquartile
ranges, or sometimes ranges, instead of means and
standard deviations, which makes it more difficult to
estimate confidence intervals for these trials.24

Box 6.1 (Contd)
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The examples in the preceding section were of clinical trials in which out-
comes were measured as continuous variables. Other outcomes are meas-
ured as ‘dichotomous’ variables. This section considers how we might
estimate the size of effects of intervention on dichotomous variables.

Dichotomous outcomes are discrete events – things that either do or
do not happen – such as dead/alive, injured/not injured, or satisfied with
treatment/not satisfied with treatment. These variables can take on one
of two values, so we don’t conventionally talk about their mean values.25

Instead we quantify outcomes of intervention in terms of the proportion
of subjects that experienced the event of interest, usually within some
specified period of time. This tells us about the ‘risk’ of the event for indi-
viduals from that population.26,27 A good example is provided by a trial
of the effects of prophylactic chest physiotherapy on respiratory compli-
cations following major abdominal surgery (Olsen et al 1997). In this
study the event of interest was the development of a respiratory compli-
cation. Of subjects in the control group, 52/192 experienced respiratory
complications within 6 days of surgery, so the risk of respiratory compli-
cations for these subjects was (100 � 59/192 �) 27%.

In clinical trials with dichotomous outcomes we are interested in
whether intervention reduces the risk of the event of interest. Thus we
need to determine if the risk differs between intervention and control
groups. The magnitude of the risk reduction, which tells us about the
degree of effectiveness of the intervention, can be expressed in a number
of different ways (Guyatt et al 1994, Sackett et al 2000). Three common
measures are the absolute risk reduction (ARR), number needed to treat
(NNT) and relative risk reduction (RRR).

The absolute risk reduction is simply the difference in risk between inter-
vention and control groups. In the trial by Olsen et al (1997), a relatively
small proportion of subjects in the intervention group (10/172 � 6%)
experienced respiratory complications, so the risk of respiratory compli-
cations for subjects in the group was relatively small compared to the 27%
risk in the control group. The absolute reduction in risk is 27% � 6% � 21%.
This means that treated subjects were at a 21% lower risk than control
group subjects of experiencing respiratory complications in the 6 days
following surgery. Big absolute risk reductions indicate intervention is
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Dichotomous outcomes

Absolute risk reduction

25 It would be unconventional, but not necessarily inappropriate, to talk about the mean
value of a dichotomous outcome. If the alternative events are assigned values of 0 and
1, then their mean is the risk of the alternative assigned a value of 1.
26We refer to the risk of an event when the event is undesirable, but we don’t usually
talk of the risk of a desirable event. (For example, it seems natural to talk of the risk of
getting injured, but not of the risk of not getting injured). There are two ways to deal
with this. Given the ‘risk’ of a desirable event, we can always estimate the risk of the
undesirable alternative. The risk (in %) of undesirable event � 100 � the risk (in %) of
desirable event. Thus if the risk of not getting injured is 80%, the risk of getting injured is
20%. Alternatively, we could replace the word ‘risk’ with ‘probability’ and talk instead
about the probability of not getting injured.
27Rothman & Greenland (1998: 37) point out that the word ‘risk’ has several meanings.
They call the proportion of subjects experiencing the event of interest the ‘average risk’
or, less ambiguously, the ‘incidence proportion’.
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very effective. Negative absolute risk reductions indicate that risk is
greater in the intervention group than in the control group and that the
intervention is harmful. (An exception to this rule is when the event is a
positive event, such as return to work, rather than a negative event.)

It is possible to put confidence intervals about the absolute risk reduc-
tion (as it is about any measure of the effect of intervention), just as we
did for estimate of the effects of intervention on continuous outcomes.
Box 6.2 on page 148 explains how to calculate and interpret the 95% CI for
the absolute risk reduction.

Understandably, many people have difficulty appreciating the magnitude
of absolute risk reductions. A consequence is that it is often difficult to
specify the smallest clinically worthwhile effect in terms of absolute risk
reduction, especially when the risk in control subjects is low. How big is a
21% reduction in absolute risk? Is a 21% absolute risk reduction clinically
worthwhile? A second measure of risk reduction, the number needed to
treat, makes the magnitude of an absolute risk reduction more explicit. The
number needed to treat is obtained by taking the inverse of the absolute
risk reduction. In our example, the absolute risk reduction is 21%, so the
number needed to treat is 1/21%, or �5.28,29 This is the number of people
that would need to be treated, on average, to prevent the event of interest
happening to one person. In our example, one respiratory complication is
prevented for every 5 people given the intervention. For the other 4 out of
every 5 patients the intervention made no difference: some would not have
developed a respiratory complication anyhow, and the others developed a
respiratory complication despite intervention. A small number needed to
treat (such as 5) is better than a large number needed to treat (such as 100)
because it indicates that a relatively small number of patients need to be
treated before the intervention makes a difference to one of them.

Figure 6.3 illustrates why it is that a reduction in risk from 27% to 6%
corresponds to a number needed to treat of 5 (Cates 2003). This figure
illustrates the outcomes of 100 typical patients who did not receive the
intervention and another 100 typical patients who did receive the inter-
vention. Twenty-seven of the 100 control group patients experienced a
respiratory complication, whereas only 6 of the 100 treated patients experi-
enced a respiratory complication (6% of 20 is about 1). That is, for every
100 people who received the intervention, 21 fewer experienced a respira-
tory complication. Twenty-one out of 100 people (or 1 in 5) benefit from
this intervention. That is why we say the number needed to treat is 5.
Conversely, 79 of the 100 people who received the intervention did not
benefit from intervention (73 were not going to get a respiratory compli-
cation even if they did not have the intervention, and 6 experienced a 
respiratory complication despite intervention). In other words, 4 of every
5 patients do not benefit from this intervention.

The number needed to treat is very useful because it makes it rela-
tively easy to nominate what the smallest clinically worthwhile effect
might be. With the number needed to treat, we can more easily weigh up
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Number needed to treat

28Remember that a percentage is a fraction, so 1/21% is the same as 1/0.21, not 1/21.
29Usual practice is to round NNTs to the nearest whole number.
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Without intervention

27% respiratory complications

With intervention

6% respiratory complications

Figure 6.3 Diagram illustrating the relationship between the absolute risk
reduction and the number needed to treat. The diagram is based on a diagram by
Cates (2003) and it uses an example data from the trial by Olsen et al (1997). 
Each face represents 1% of the population. Sad faces represent people who
experienced respiratory complications. Smiley faces represent people who did 
not experience respiratory complications. The left panel shows outcomes in a
population that did not receive the intervention and the right panel shows outcomes
in a population that did receive the intervention. The first 6 people (6% of the
population) experienced a complication with or without intervention (i.e., in the 
left and right panels), so intervention made no difference to these subjects. The next
21 people, highlighted grey in the diagram, experienced respiratory complications
without intervention but not with intervention. These subjects benefited from
intervention. The remaining 73 people did not experience respiratory complications
with or without intervention, so intervention made no difference to these people.
Thus, overall, 21 of 100 people benefited from intervention; we say the absolute risk
reduction was 21%. Another way of saying this is that about 1 in every 5 treated
patients (21/100 people) benefited from treatment, so the number to treat was 5.

the benefits of preventing the event in one subject against the costs and
risks of giving the intervention. (Note that the benefit is received by a
few, but costs are shared by all). In our example, most would agree that a
number needed to treat of 10 would be worthwhile, because preventing
one respiratory complication is a very desirable thing, and the risks and
costs of this simple intervention are minimal, so little is lost from ineffec-
tively treating 9 out of every 10 patients. Most would agree, however, that
a number needed to treat of 100 would be too small to make the interven-
tion worthwhile. There may be little risk associated with this interven-
tion, but it probably incurs too great a cost (too much discomfort caused
to patients, for example) to ineffectively treat 99 people to make the pre-
vention of one respiratory complication worthwhile. What, then, is the
largest number needed to treat for prophylactic chest physiotherapy we
would accept as being clinically worthwhile (what is the smallest clini-
cally worthwhile effect)? When we polled some experienced cardiopul-
monary therapists they indicated that they would not be prepared to
instigate this therapy if they had to treat more than about 20 patients to
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prevent one respiratory complication. That is, they nominated a number
needed to treat of 20 as the smallest clinically worthwhile effect. This cor-
responds to an absolute risk reduction of 5%. It would be interesting to
survey patients facing major abdominal surgery to determine what they
considered to be the smallest clinically worthwhile effect. The effect of
intervention demonstrated in the trial by Olsen et al (number needed to
treat � 5) is greater than most therapists would consider to be minimally
clinically worthwhile (number needed to treat �20; remember that a small
number needed to treat indicates a large effect of intervention).

Clearly, there is no one value for the number needed to treat that can be
deemed to be the smallest clinically worthwhile effect. The size of the small-
est clinically worthwhile effect will depend on the seriousness of the event
and the costs and risks of intervention. Thus the smallest clinically worth-
while effect for a 3 month exercise programme may be as little as 2 or 3 if the
event being prevented is infrequent giving way of the knee, whereas the
smallest clinically worthwhile effect for the use of incentive spirometry in
the immediate post-operative period after chest surgery may be a number
needed to treat of many hundreds if the event being prevented is death
from respiratory complications.30 When intervention is ongoing, the num-
ber needed to treat, like the absolute risk reduction, should be related to the
period of intervention. A number needed to treat of 10 for a 3 month course
of therapy aimed at reducing respiratory complications in children with
cystic fibrosis is similar in the size of its effect to another therapy which has
a number needed to treat of 5 for a 6 month course of therapy.

A more commonly reported but less immediately helpful way of expressing
the reduction in risk is as a proportion of the risk of untreated patients. This
is termed the relative risk reduction. The relative risk reduction is obtained
by dividing the absolute risk reduction by the risk in the control group. Thus
the relative risk reduction produced by prophylactic chest physiotherapy is
21%/27%, which is 78%. In other words, prophylactic chest physiotherapy
reduced the risk of respiratory complications by 78% of the risk in untreated
patients. You can see that the relative risk reduction (78%) looks much larger
than the absolute risk reduction (21%), even though they are describing
exactly the same effect.31 Which, then, is the best measure of the magnitude
of an intervention’s effects? Should we use the absolute risk reduction, its
inverse (the number needed to treat), or the relative risk reduction?
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Relative risk reduction

30A simple way of weighing up benefit and harm is to assign (very subjectively) a num-
ber to describe the benefit of intervention. The benefit of intervention is described in
terms of how much worse the event being prevented is than the harm of the interven-
tion. In the example of prevention of respiratory complications with prophylactic chest
physiotherapy, we might judge that respiratory complications are 10 times as bad
(unpleasant, expensive, etc.) as the intervention of prophylactic physiotherapy. If the
benefit is greater than the number needed to treat, the benefit of therapy outweighs its
harm. In our example, respiratory complications are 10 times as bad as prophylactic
physiotherapy, and the NNT is 5, so the therapy produces more benefit than harm.
31In fact the relative risk reduction always looks larger than the absolute risk reduction
because it is obtained by dividing the absolute risk reduction by a probability, and prob-
abilities must be less than 1.
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The relative risk reduction has some properties that make it useful for
comparing the findings of different studies, but it can be deceptive when
used for clinical decision-making. This might best be illustrated with an
example. Lauritzen et al (1993) showed that the provision of hip protector
pads to residents of nursing homes produced large relative reductions in
risk of hip fracture (relative risk reduction of 56%). This might sound as
if the intervention has a big effect, and it may be tempting to conclude on
the basis of this statistic that the hip protectors are clinically worthwhile.
However, the incidence of hip fractures in the study sample was about
5% per year (Lauritzen et al 1993), so the absolute reduction of hip fracture
risk with hip protectors in this population is 56% of 5%, or just less than 3%.
By converting this to a number needed to treat we can see that 36 people
would need to wear hip protectors for 1 year to prevent one fracture.32

When the risk reduction is expressed as an absolute risk reduction or, bet-
ter still as a number needed to treat, the effects appear much smaller than
when presented as a relative risk reduction. (Nonetheless, because hip
fractures are serious events, a 1-year number needed to treat of 36 may
still be worthwhile.) This example illustrates that it is probably better to
make decisions about the effects of interventions in terms of absolute risk
reductions or numbers needed to treat than relative risk reductions.

In general, even the best interventions (those with large relative risk
reductions) will only produce small absolute risk reductions when the
risk of the event in untreated subjects (the ‘baseline risk’) is low. Perhaps this
is intuitively obvious – if few people are likely to experience the event, it
is not possible to prevent it very often. There are two very practical impli-
cations. First, even the best interventions are unlikely to produce clinically
worthwhile effects if the event that is to be prevented is unlikely. The con-
verse of this is that an intervention is more likely to be clinically worthwhile
when it reduces risk of a high risk event. (For a particularly clear discus-
sion of this issue see Glasziou & Irwig 1995.) Second, as the magnitude of
the effect of intervention is likely to depend very much on the risk to which
untreated subjects are exposed, care is needed when applying the results
of a clinical trial to a particular patient if the risk to patients in the trial
differs markedly from the risk in the patient for whom the intervention is
being considered. If the risk in control subjects in the trial is much higher
than in the patient in question, the effect of intervention will tend to be
overestimated (that is, the absolute risk reduction calculated from trial
data will be too high, and the number needed to treat will be too low).33
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The importance of
baseline risk

32Some people find NNTs per year hard to conceptualize. If a 1-year NNT for wearing
hip protectors of 36 means nothing to you, try looking at it in another way. If 36 people
need to wear hip protectors for 1 year to prevent one fracture, that is a bit like (though
not exactly the same as) having to wear a hip protector for 36 years to prevent a hip 
fracture. Then the decision becomes easier still: would you wear a hip protector for 
36 years if you thought it would prevent a hip fracture?
33The underlying assumption here is that measures of relative effects of treatment are
constant regardless of baseline risk. This has been investigated by a number of authors,
notably Furukawa et al (2000), Deeks & Altman (2001) and Schmid et al (1998). McAlister
(2000) provides an excellent commentary on this literature.
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There is a simple work-around that makes it possible to apply the results
of a clinical trial to patients with higher or lower levels of risk. The approach
described here is based on the method used by Straus & Sackett (1999; see
also McAlister et al 2000). The absolute risk reduction or number needed to
treat is calculated as described above, directly from the results of the trial, but
is then adjusted by a factor, let’s call it f, which describes how much more risk
subjects are at than the untreated (control) subjects in the trial. An f of greater
than 1 is used when the patients to whom the result is to be applied are at a
greater risk than control subjects in the trial, and an f of less than 1 is used
when patients to whom the result is to be applied are at a lower risk than
untreated subjects in the trial. The absolute risk reduction is adjusted by mul-
tiplying by f, and the number needed to treat is adjusted by dividing by f.

The following example illustrates how this approach might be used. A
physiotherapist treating a morbidly obese patient undergoing major
abdominal surgery might estimate that the patient was at twice the risk
of respiratory complications as subjects in the trial by Olsen et al (1997).
To obtain a reasonable estimate of the effects of intervention (that is, to
take into account the greater baseline risk in this subject than in subjects
in the trial), the number needed to treat (which we previously calculated
as 5) could be divided by 2. This gives a number needed to treat of 2.5
(which rounds to 3) for morbidly obese subjects. Thus we can anticipate
an even larger effect of prophylactic physiotherapy among high-risk
patients.34 This approach can be used to adjust estimates of the likely
effects of intervention for any individual patient up or down on the basis
of therapists’ perceptions of their patients’ risks.

See Box 6.3 for a summary of this section.
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34To see if you’ve got the hang of this, try using the data from our earlier example to calculate the number needed to treat with
hip protectors to prevent a hip fracture in a high risk population with a 1-year risk of hip fracture of 20%.

As with trials that measure continuous outcomes,
many trials with dichotomous outcomes do not
report confidence intervals about the absolute risk
reduction, number needed to treat or relative risk
reduction. Almost all, however, supply sufficient data
to calculate the confidence interval. A very rough
95% confidence interval for the absolute risk
reduction can be obtained simply from the average
sample size (nav) of the experimental and control
groups:

95% CI � difference in risk � 1/�nav
——–

(Herbert 2000b).35 This approximation works well
enough (it gives an answer that is close enough to that
provided by more complex equations) when the average
risk of the events of interest in treated and control
groups is greater than �10% and less than �90%.

To illustrate the calculation of confidence intervals
for dichotomous data, recall that in the study by
Olsen et al (1997) the risk to control subjects was
27%, the risk to experimental subjects was 6%, and
the average size of each group was 182, so:

95% CI � (27% � 6%) � 1/�182

Box 6.2 Estimating uncertainty of effects on dichotomous outcome

35The ‘proof’ is as follows. If we assume that the sample sizes
of the two groups are equal, the normal approximation for
the 95% CI for the ARR reduces to the ARR � 1.96 �
�[(Rc(1 � Rc) � Rt(1 � Rt)]/�n, where Rc and Rt are the risks
in the control and treated groups and n is the number of 

subjects in each group. To a very rough approximation, the
term 1.96 � �[(Rc(1 � Rc) � Rt(1 � Rt)] � 1, provided
0.1 � R � 0.9. Thus, to a very rough approximation, the 95%
CI for the ARR � ARR � 1/�n. We can substitute nav for n,
so the 95% CI for the ARR � ARR � 1/�nav.
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95% CI � 21% � 0.07

95% CI � 21% � 7%

Thus the best estimate of the absolute risk reduction
is 21% and its 95% confidence interval extends from
14% to 28%.

This result has been illustrated on a tree plot of
the absolute risk reduction in Figure 6.4. The logic of
this tree plot is exactly the same as that used for 
the tree plot of a continuous variable which was
presented earlier.36 Again, we plot the smallest
clinically worthwhile effect (absolute risk reduction
of 5%, corresponding to a number needed to treat 
of 20), the effect of intervention (absolute risk
reduction of 21%) and its confidence interval (14%
to 28%) on the graph. In this example the estimated
absolute risk reduction and its confidence interval
are clearly greater than the smallest clinically
worthwhile effect, so we can confidently conclude
that this intervention is clinically worthwhile. For
morbidly obese patients (for whom we could multiply
the absolute risk reduction by an f of 2 to take into
account their greater untreated risk), the intervention
is even more worthwhile.

In the example we just used we calculated absolute
risk reduction and the 95% confidence intervals for

the absolute risk reduction. We could, if we wished,
have calculated the number needed to treat and the
95% confidence interval for the number needed to
treat. As we have already seen, it is a simple matter to
calculate the number needed to treat (NNT) from the
absolute risk reduction (ARR) – we just invert the
absolute risk reduction to obtain the number needed
to treat.37 The same applies to the ends of the
confidence intervals (the ‘confidence limits’). Once we
have calculated the confidence limits for the absolute
risk reduction we can obtain the 95% confidence
interval for the number needed to treat by inverting
the confidence limits of the absolute risk reduction.
There is, however, a complication with the
interpretation of confidence intervals for the number
needed to treat (Altman 1998). When the confidence
interval for the absolute risk reduction includes zero,
confidence intervals for the number needed to treat
don’t appear to make sense. The problem and
explanation are best illustrated with an example.

Pope et al (2000) investigated the effects of
stretching before sport on all-injury risk in army
recruits undergoing a 12-week training programme.
Subjects were randomly allocated to groups that
stretched or did not stretch prior to activity. Of the
803 subjects in the control group, 175 were injured

36You will often see forest plots of the effects of intervention on
dichotomous outcomes arranged so that beneficial treatment
effects are to the left and harmful effects to the right. One of the
reasons for this is that most forest plots are of the relative risk
or odds ratio, and, by convention, smaller relative risks or odds
ratios correspond to more beneficial effects of intervention.

Here we have decsribed the effect of intervention in terms of
the absolute risk reduction. Larger absolute risk reductions
correspond to more beneficial effects, so the natural conven-
tion is to plot beneficial effects of intervention to the right.
37The same operation is used to convert an NNT into an
ARR: the ARR � 1/NNT.

Effect of treatment

0Very harmful

intervention

Very effective

intervention

Smallest worthwhile effect

� 5% ARR 

14%     21%      28%

Figure 6.4 A ‘tree plot’ of the size of the treatment effect reported by Olsen et al (1997). The tree plot consists
of a horizontal line representing treatment effect. At the extremes are very harmful and very effective treatments.
The smallest clinically worthwhile effect is represented as a vertical dotted line. This example shows the effect
(expressed as an absolute risk reduction, ARR) of chest physiotherapy on risk of respiratory complications
following upper abdominal surgery. The smallest clinically worthwhile effect has been nominated as an absolute
reduction in risk of 5%. The best estimate of the size of the treatment effect (21%) and all of the 95% confidence
interval about this estimate (14 to 28%) fall to the right of the line of the smallest worthwhile effect. Thus the
treatment effect is clearly greater than the smallest worthwhile effect.
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Effect of treatment

Very harmful

intervention

(ARR is a large

negative number)

Very effective

intervention

(ARR is a large

positive number)

0

Absolute risk reduction (ARR)

�3%     0%         4%

Effect of treatment

Very harmful

intervention

(NNT  is a small

negative number)

Very effective

intervention

(NNT  is a small

positive number)

∞

Number needed to treat (NNT)

�33 ∞ 25

Figure 6.5 Explanation of confidence intervals for NNTs. The data of Pope et al (2000) suggest stretching before
exercise reduces injury risk (ARR) by 0% (95% CI �3 to 4%) in army recruits undergoing a 12-week training
programme (tree plot shown in top panel). When, as in this example, the confidence interval for the ARR includes
zero, the confidence interval for the NNT looks a little strange. In this example the estimated NNT is infinity and
the 95% CI extends from �33 to 25; bizarrely, the estimated effect (infinity) does not seem to lie within its
confidence intervals (�33 to 25). The explanation is that the tree plot for the NNT has a strange number line. A
tree plot for the NNT is drawn in the lower panel, and it has been scaled and aligned so that it corresponds
exactly to the tree plot for the ARR shown in the upper panel. The NNT of infinity lies in the middle of the tree
plot (no effect of intervention). Smaller numbers lie at the tails of the number line. On this bizarre number line the
estimated NNT always lies within its confidence interval.

38Following the same approach as in footnote 35, this is 
a bit like saying we would need to stretch before 
activity for 333 � 12 weeks, or 77 years, to prevent 
an injury.

39This analysis differs slightly from the analysis reported 
in the trial by Pope et al (2000) because the authors of the
original trial report used more sophisticated methods to
analyse the data than are used here.

(risk of 21.8%) and 158 of the 735 subjects in the
stretch group were injured (risk of 21.5%). Thus the
effect of stretching was an absolute risk reduction of
0.3%, with an approximate 95% confidence interval
from �3% to �4%. If we re-cast these estimates in
terms of numbers needed to treat, we get a number
needed to treat of 333 and an approximate 95%
confidence interval for the number needed to treat
of �33 to 25. The interpretation of the number
needed to treat of 333 is quite straightforward. It
means that 333 people would need to stretch before
activity for 12 weeks to prevent one injury.38,39 But
the confidence limits are, at first, a little perplexing,
because the estimate of 333 does not appear to lie
within the confidence interval (�33 to 25).

The explanation is that numbers need to treat lie
on an unusual number scale (Figure 6.5; Altman
1998). In fact it is easiest to visualize the number
scale as the inverse of the normal number scale that
we use for the absolute risk reduction. Instead of
being centred on zero, like the number scale for the
absolute risk reduction, the number scale for the
number needed to treat is centred on 1/0, or infinity.
This number scale is big in the middle and little at
the edges! If we refer back to our example, you can
see that, on this strange number scale, the best
estimate of the number needed to treat (333) really
does lie within the 95% confidence interval of
�33 to 25!
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In the preceding section we considered how to assess whether a particular
clinical trial provides us with relevant evidence, and what that evidence
means for clinical practice. Now we turn our attention to interpreting
systematic reviews of the effects of intervention.

Making decisions about the relevance of a systematic review is very
much like making decisions about the relevance of a clinical trial. (See ‘Is
the evidence relevant to me and my patient/s?’ at the beginning of this
chapter.) All of the same considerations apply. Just as with individual 
trials, we need to decide whether the review is able to provide informa-
tion about the subjects, interventions and outcomes we are interested in.

With systematic reviews, decisions about relevance of subjects, inter-
ventions and outcomes can be made at either of two levels. The simpler
approach is to look at the question addressed by the review and the cri-
teria used to include and exclude studies in the review. In most system-
atic reviews there are explicit statements about the review question and
the criteria used to determine what trials were eligible for the review. For
example, a Cochrane systematic review by the Outpatient Service Trialists
(2004) stipulated that the objective of the review was to ‘assess the effects
of therapy-based rehabilitation services targeted towards stroke patients
resident in the community within 1 year of stroke onset/discharge from
hospital following stroke’. The review was explicitly concerned with the
effects of therapist-based rehabilitation services (defined at considerable
length in the review) on death, dependency or performance in activities
of daily living of patients who had experienced a stroke, were resident in
a community setting, and had been randomized to treatment within 
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WHAT DOES THIS SYSTEMATIC REVIEW OF EFFECTS OF INTERVENTION
MEAN FOR MY PRACTICE?

IS THE EVIDENCE
RELEVANT TO ME AND

MY PATIENT/S?

Are the subjects in the study similar to the patients I wish to apply the
study’s findings to?
Look at the inclusion and exclusion criteria used to determine eligibility for
participation in the trial or systematic review.

Were interventions applied appropriately?
Look at how the intervention was applied.

Are the outcomes useful?
Determine if the outcomes matter to patients.

Does the therapy do more good than harm?
Obtain an estimate of the size of the effect of treatment. Assess whether
the effect of therapy is likely to be large enough to make it worth applying.

Box 6.3 Is the evidence relevant to me and my patient/s?
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1 year of the index stroke. This clear statement of the scope of the review is
typical of Cochrane systematic reviews.

To some readers, particularly those with a specific interest in the field
of the review, this level of detail may be insufficient. These readers may
be interested in the precise characteristics of subjects included in each
trial, or the precise nature of the intervention, or the precise method used
to measure outcomes. It may be possible to obtain this level of informa-
tion if the review separately reports details of each trial considered in the
review. This information is often presented in the form of a table. Typically
the table describes the subjects, interventions and outcomes measured in
each trial. When systematic reviewers provide this degree of detail the
reader can decide for himself or herself which trials study relevant sub-
jects, interventions and outcomes. It may be that a particular trial has
investigated the precise combinations of subjects, interventions and out-
comes that are of greatest interest.

By way of example, if you were interested in the potential effects of
weight-supported walking training for a particular patient who recently
had a stroke, you might consult the recent Cochrane review by Moseley
et al (2004). This review assessed the effects of treadmill training or body
weight support in the training of walking after stroke, so it included all
trials with subjects who had suffered a stroke and exhibit an abnormal
gait pattern. The authors describe, in the text of their review, that five of
the 11 trials in the review were clearly of ambulatory patients, and they
provided detailed information about the subjects, interventions and out-
comes of these trials. When systematic reviews provide the details of
each of the reviewed studies, readers can base their conclusions on the
particular trials that are most relevant to their own clinical questions.

Good systematic reviews provide us with a wealth of information about
the effects of interventions. They usually provide a detailed description
of each of the individual trials included in the review and may, in 
addition, provide summary statements or conclusions that indicate the
reviewers’ interpretation of what the trials collectively say. Either or both
may be helpful to the reader. In the following section we consider how to
interpret the data presented in systematic reviews.

We begin by considering how systematic reviews can draw together
the evidence from individual clinical trials into summary statements
about the effects of intervention. As readers of systematic reviews, we
want these summary statements to tell us both about the strength of the
evidence and, if the evidence is strong enough to draw some conclusions,
about the size of the effect of the intervention.

There are several distinctly different approaches that reviewers use to
generate summary statements. Unfortunately, not all generate summary
statements that are entirely satisfactory. As we shall see, a common prob-
lem is that the effect of the intervention is given in simplistic terms: the
intervention is said to be either ‘effective’ or ‘ineffective’. Statements
about the effects of intervention that are not accompanied by estimates of
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WHAT DOES THE
EVIDENCE SAY?

H8820-Ch06.qxd  3/1/05  11:52 AM  Page 152



the magnitudes of those effects are of little use for clinical decision-making.
Readers should be wary of systematic reviews with simplistic summary
statements.

The simplest method used to generate summary statements about the
effects of intervention is called vote counting. Vote counting is used in
many narrative reviews and some systematic reviews. In the vote count-
ing approach, the reviewer assigns one ‘vote’ to each trial, and then
counts up the number of studies that do and do not find evidence for an
effect of intervention. Some reviewers apply a simple rule: the conclusion
with the most votes wins! Other reviewers are more conservative: they
stipulate that a certain (high) percentage of trials must conclude there is
a significant effect of intervention before there is collective evidence of an
effect. Sometimes the vote counting threshold is not made explicit. In that
case the reviewer informally assesses the proportion of significant trials
and decides if ‘most’ trials are significant or not, without explicitly stat-
ing the threshold that defines ‘most’. But regardless of what threshold is
used, vote counting generates one of two conclusions: either there is evi-
dence of an effect, or there is not.

An example of the use of vote counting comes from a systematic review
of preventive interventions for back and neck problems (Linton & van
Tulder 2001). This review reports that ‘Six of the nine randomised con-
trolled trials did not find any significant differences on any of the outcome
variables compared between the back school intervention and usual care
or no intervention or between different types of back or neck schools …
Thus, there is consistent evidence from randomized controlled trials that
back and neck schools are not effective interventions in preventing back
pain’ (pp 789–783). In this review, there were more non-significant than
significant trials of back and neck schools so the authors concluded back
and neck schools are not an effective intervention.

The shortcomings of vote counting have been understood since the very
early days of systematic reviews. Hedges & Olkin (1980, 1985) showed
that vote counting is toothless; it lacks statistical power. That is, even when
an intervention is effective the vote counting approach is likely to con-
clude that there is no evidence of ‘an effect of’ intervention. The power of
the vote counting procedure is determined by the threshold required to
satisfy the reviewer that there is an effect (for example, 50% of trials or 66%
of trials), the number of trials, and the statistical power of the individual
trials. (The statistical power of an individual trial refers to the probability
that the trial will detect a clinically meaningful effect if such an effect
truly exists. Many trials have low statistical power because they are too
small; that is, many trials have too few subjects to enable them to detect
clinically meaningful effects of intervention if such effects exist.) Typically,
the power of the vote counting approach is low. A remarkably bad prop-
erty of the vote counting approach is that the power of vote counting may
actually decrease with an increasing number of trials (Hedges & Olkin
1985). Consequently, the probability of detecting an effect of intervention
may decrease as evidence accrues. For this reason, systematic reviews
that use vote counting and conclude there is no evidence of an effect of
intervention should be treated with suspicion.
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There is a second serious problem with vote counting. Vote counting
provides a dichotomous answer: it concludes that there is or is not evidence
that the intervention is effective. Earlier in this chapter it was argued that
there is little value in learning if the intervention is effective. What we
need to know, instead, is how effective the intervention is. The ‘answer’
provided by vote counting methods is not clinically useful.

An alternative to vote counting is the levels of evidence approach. This
approach differs from vote counting in that it attempts to combine informa-
tion about both the quality of the evidence and the effects of the interven-
tion. In some versions of this approach, the reviewer defines ‘strong
evidence’, ‘moderate evidence’, ‘weak evidence’ (or ‘limited evidence’) and
‘little or no evidence’. Usually the definitions are based on the quantity,
quality and consistency of evidence. A typical example is given in Box 6.4.

As an example, the same systematic review that used vote counting to
examine effects of back and neck schools also used levels of evidence cri-
teria to examine the effects of exercise for preventing neck and back pain
(Linton & van Tulder 2001). Strong (‘Level A’) evidence was defined as
‘generally consistent findings from multiple randomized controlled trials’.
It was concluded that ‘there is consistent evidence that exercise may be
effective in preventing neck and back pain (Level A)’.

One of the problems with the levels of evidence approach is that differ-
ent authors use slightly different criteria to define levels of evidence.
Indeed, some authors use different criteria in different reviews. For example,
van Poppel et al (1997) define limited evidence as ‘only one high quality
randomized controlled trial or multiple low quality randomized con-
trolled trials and non-randomized controlled clinical trials (high or low
quality). Consistent outcome of the studies’, whereas Berghmans et al
(1998) define limited evidence as ‘one relevant RCT of sufficient methodo-
logic quality or multiple low quality RCTs.’ These small differences in
wording are not just untidy; they can profoundly affect the conclusions
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Level 1 (strong evidence): multiple relevant, high quality randomized
clinical trials (RCTs) with consistent results.
Level 2 (moderate evidence): one relevant, high quality RCT and one or
more relevant low quality RCTs or non-randomized controlled clinical trials
(CCTs) (high or low quality). Consistent outcomes of the studies.
Level 3 (limited evidence): only one high-quality RCT or multiple 
low-quality RCTs and non-randomized CCTs (high or low quality).
Consistent outcomes of the studies.
Level 4 (no evidence): only one low-quality RCT or one non-randomized
CCT (high or low quality), no relevant studies or contradictory outcomes of
the studies.

Results were considered contradictory if less than 75% of studies reported
the same results, otherwise outcomes were considered to be consistent.

Box 6.4 Levels of evidence criteria of van Poppel et al (1997)
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that are drawn. Even apparently small differences in definitions of levels
of evidence can lead to surprisingly different conclusions. Ferreira and
colleagues (2003) applied four different sets of levels of evidence criteria
to six Cochrane systematic reviews and found only ‘fair’ agreement
(kappa � 0.33) between the conclusions reached with the different cri-
teria. Application of the different criteria to one particular review, of the
effects of back school for low back pain, lead to the conclusion that there
was ‘strong evidence that back school was effective’ or ‘weak evidence’ or
‘limited evidence’ or ‘no evidence’, depending on which criteria were used.
As the conclusions of systematic reviews can be very sensitive to the cri-
teria used to define levels of evidence, readers of systematic reviews
should be reluctant to accept the conclusions of systematic reviews which
use the levels of evidence approach.

Another significant problem with the levels of evidence approach 
is that it, too, is likely to lack statistical power. This is because most levels
of evidence criteria are based on vote counting. For example the defini-
tion of ‘strong evidence’ used by van Poppel et al (1997) (‘multiple rele-
vant, high quality randomized clinical trials with consistent results’) is
based on vote counting because it requires that there be ‘consistent’ find-
ings of the trials. In fact the levels of evidence approach is likely to be
even less powerful than vote counting because it usually invokes addi-
tional criteria relating to trial quality. That is, to meet the definition of
strong evidence there must be at least a certain proportion of significant
trials (vote counting) and the trials must be of a certain quality. Thus, in
general, the levels of evidence approach will have even less power than
vote counting.

A quick inspection of the systematic reviews in physiotherapy that use
vote counting or levels of evidence approaches shows that only a small
proportion conclude there is strong evidence of an effect of intervention.
This low percentage may indicate that there is not yet strong evidence of
the effects of many interventions, but an equally plausible explanation is
that true effects of intervention have been missed because the levels of evi-
dence approach lacks the statistical power required to detect such effects.

Recent efforts have focused on developing qualitative methods of sum-
marizing evidence that do not have the shortcomings of vote counting
and levels of evidence approaches. One promising initiative is the GRADE
project, which seeks to summarize several dimensions of the quality of
evidence and the strength of recommendations (GRADE Working Group
2004). The GRADE scale assesses dimensions of study design, study qual-
ity, consistency (the similarity of estimates of effect across studies) and
directness (the extent to which people, interventions and outcome measures
are similar to those of interest). It uses the following definitions of the
quality of evidence:

• High quality evidence. Further research is very unlikely to change our
confidence in the estimate of effect.

• Moderate quality evidence. Further research is likely to have an import-
ant impact on our confidence in the estimate of effect and may change
the estimate.
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• Low quality evidence. Further research is very likely to have an import-
ant impact on our confidence in the estimate of effect and may change
the estimate.

• Very low quality evidence. Any estimate of effect is very uncertain.

The breadth of this scale and its emphasis on the magnitude of the effect
makes it attractive. It will probably be subject to empirical investigation
in the next few years.

An alternative to vote counting and the levels of evidence approach is
meta-analysis. As with vote counting, meta-analysis provides a tool for
summarizing effects of interventions but it does not usually incorporate
information about the quality of evidence. It involves extracting esti-
mates of the size of the effect of intervention from each trial and then stat-
istically combining (‘pooling’) the data to obtain a single estimate based
on all the trials.

An example of meta-analysis is provided in the systematic review, of
effects of pre- and post-exercise stretching on muscle soreness, risk of
injury and athletic performance, by Herbert & Gabriel (2002). This sys-
tematic review identified five studies that reported useful data on the
effects of stretching on muscle soreness. The results of the five studies
were pooled in a meta-analysis to produce a single pooled estimate of the
effects of stretching on subsequent muscle soreness.

To conduct a meta-analysis the researcher must first describe the mag-
nitude of the effect of intervention reported in each trial. This can be done
with any of a number of statistics. In trials which report continuous out-
comes, the statistic most used to describe the size of effects of interven-
tion is the mean difference between groups. This is the same statistic we
used to describe the size of effects of interventions when appraising indi-
vidual trials earlier in this chapter, and it has the same interpretation.
Alternatively, some reviews will report the standardized mean difference
between groups (usually calculated as the difference between group
means divided by a pooled estimate of the within-group standard devi-
ation).40 The advantage of dividing the difference between means by the
standard deviation is that it makes it possible to pool the findings of stud-
ies which report findings on different scales. However, when the size of
the effect of intervention is reported on a standardized scale it can be very
difficult to interpret, because it is difficult to know how big a particular
standardized effect size must be to be clinically worthwhile.

When outcomes are reported on a dichotomous scale, different statistics
are used to describe the effects of intervention. Unfortunately, the statistics
we preferred to use earlier in this chapter to describe the effects of inter-
vention on dichotomous outcomes in individual trials (the absolute risk
reduction and number needed to treat) are not well suited to meta-analysis.
Instead, in meta-analysis the effect of intervention on dichotomous out-
comes is most often reported as a relative risk or an odds ratio.41
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The relative risk is simply the ratio of risks in intervention and control
groups. Thus, if the risk in the intervention group is 6% and the risk in the
control group is 21% (as in the trial by Olsen et al (1997) that we exam-
ined earlier in this chapter), the relative risk is 6/21 or 0.29. Relative risks
of less than 1.0 indicate that risk in the intervention group was lower than
in the control group, and risks of greater than 1 indicate that the risk in
the intervention groups was higher than in the control group. A relative
risk of 1.0 indicates that both groups had the same risk, and implies there
was no effect of the intervention. The further the relative risk departs
from 1, the bigger the effect of the intervention.

The odds ratio is similar to relative risk except that it is a ratio of odds,
instead of a ratio of risks (or probabilities). Odds are just another way of
describing probabilities,42 so the odds ratio behaves in some ways very
like the relative risk. In fact when the risk in the control group is low, the
odds ratio is nearly the same as the relative risk. When the risk in the con-
trol groups is high (say �15%), the odds ratio diverges from the relative
risk. This divergence happens in a simple way: the odds ratio always
departs from 1.0 more than the relative risk.

Usually the summary statistic for each trial is presented either in a
table, or in a forest plot such as the one reproduced in Figure 6.6. This is
a particularly useful feature of systematic reviews. They provide, at a
glance, a summary of the effects of intervention from each trial.

Regardless of what summary statistic is used to describe the effect of
intervention observed in each trial, meta-analysis proceeds in the same
way. The summary statistics from each trial are combined to produce a
pooled estimate of the effect of intervention. The pooled estimate is really
just an average of the summary statistics provided by each trial. But the
average is not a simple average because some trials are given more
‘weight’ than others. The weight is determined by the standard error of
the summary statistic, which is nearly the same as saying that the weight
is determined by sample size: bigger studies (those with lots of subjects)
provide more precise estimates of the effects of intervention, so they are
given more influence on the final pooled (weighted average) estimate of
the effect of intervention.

The allure of meta-analysis is that it can provide more precise estimates
of the effects of intervention than individual trials. This is illustrated in the
meta-analysis of effects of stretching before or after exercise on muscle
soreness, mentioned earlier (Herbert & Gabriel 2002). None of the five
studies included in the meta-analysis found a statistically significant
effect of stretching on muscle soreness, and all found the effects of
stretching on muscle soreness was near zero. However, most of the indi-
vidual studies were small and had quite wide confidence intervals,
meaning that individually they could not rule out small but marginally
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42The odds is the ratio of the risk of the event happening to the ‘risk’ of the event not 
happening. So if the risk is 33%, the ratio of risks is 33/67 or 0.5. If the risk is 80%, the
odds are 80/20, or 4, and so on. You can convert risks (probabilities, R) to odds (O) with
the equation O � R/(1 � R). And you can convert back from odds to risks with
R � O/(1 � O).
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worthwhile effects. Pooling estimates of the effects of stretching from all five
trials in a meta-analysis provided a more precise estimate of the effects of
stretching (Figure 6.6). The authors concluded that ‘the pooled estimate of
reduction in muscle soreness 24 hours after exercising was only 0.9 mm on a
100 mm scale (95% confidence interval �2.6 mm to 4.4 mm) … most athletes
will consider effects of this magnitude too small to make stretching to pre-
vent later muscle soreness worthwhile.’ The meta-analysis was able to pro-
vide a very precise estimate of the average effect of stretching (between �2.6
and 4.4 mm on a 100 mm scale), which permitted a clear conclusion to be
drawn about the ineffectiveness of stretching in preventing muscle soreness.

The important difference between meta-analysis and both the vote
counting and the levels of evidence approaches is that meta-analysis
focuses on estimates of the size of the effect of the intervention, rather
than on whether the effect of intervention was statistically significant
or not. 

This is important for two reasons. First, as we have already seen, infor-
mation about the size of the effects of intervention is critically important
for clinical decision-making. Rational clinical decision-making requires
information about how much benefit intervention gives, not just infor-
mation about whether intervention is ‘effective’ or not. Second, by using
estimates of effects of interventions, meta-analysis accrues more informa-
tion about the effects of intervention than vote counting or the levels of
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Favours stretching Favours control

Effect of stretching on muscle soreness (mm VAS)

�20 0�40�60 4020 60

Pooled estimate

McGlynn et al

Buroker and Schwane

Wessel and Wan (before exercising)

Wessel and Wan (after exercising)

Johansson et al

Figure 6.6 An example of a forest plot. Forest plots summarize the findings of
several randomized trials of intervention, in this case the effects of stretching on
post-exercise muscle soreness. Each row corresponds to one randomized trial; the
names of the trial authors are given at the left. For each trial, the estimate of effect
of intervention is shown as a diamond. (In this case the effect of intervention is
expressed as the average reduction in muscle soreness, given in mm on a 100 mm
soreness VAS.) The horizontal lines indicate the extent of the 95% confidence
intervals, which can be loosely interpreted as the range within which the true
average effect of stretching lies. The big symbol at the bottom is the pooled
estimate of the effect of intervention, obtained by statistically combining the
findings of all of the individual studies. Note that the confidence intervals of the
pooled estimate are narrower than the confidence intervals of individual studies.
(Data from Herbert and Gabriel (2002).)
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evidence approach. Consequently meta-analysis is much more powerful
than either vote counting or the levels of evidence approach. Under some
conditions, meta-analysis is statistically optimal. That is, meta-analysis
can provide the maximum possible information about the effects of an
intervention, so it is less likely than vote counting or the levels of evi-
dence approach to conclude that there is ‘not enough evidence’ of the
effects of intervention if there really is a worthwhile effect of the interven-
tion. For this reason meta-analysis is the strongly preferred method of
synthesizing findings of trials in a systematic review.

Why is meta-analysis not used in all systematic reviews? One reason is
that some trials do not provide enough information about the effects of
intervention for meta-analysis. For example, the review by Ferreira et al
(2003) on the effects of manipulation for acute low back pain identified 
34 relevant trials, of which four trials did not report enough data to permit
inclusion in a meta-analysis. Another reason why meta-analysis is not
used in all reviews is that the pooled estimates of effects of intervention
provided by meta-analysis are only interpretable if each of the trials is
trying to estimate something similar. Meta-analysis is only interpretable
if the estimates to be pooled are from trials that measure similar out-
comes and apply similar sorts of intervention to similar types of patients.
(That is, the trials need to be ‘homogeneous’ with respect to outcomes,
interventions and patients.) The trials need not be identical – they just
need to be sufficiently similar for the pooled estimate to be interpretable.
However, the practical reality is that when several trials investigate the
effects of an intervention they typically recruit subjects from quite dif-
ferent sorts of populations, apply interventions in quite different sorts 
of ways, and use quite different outcome measures. (That is, they are 
typically ‘heterogeneous’.) Ferreira et al (2003) reported that only 11 of 
34 trials could be included in meta-analyses ‘due primarily to heterogeneity
of outcome measures and comparison groups’. In these circumstances it
is often difficult for the reader to decide if it was appropriate or inappro-
priate statistically to pool the findings of the trials in a meta-analysis. In
fact this issue, of when it is and is not appropriate to pool estimates of
effects of intervention in a meta-analysis, is one of the most difficult
methodological issues in systematic reviews. Readers of meta-analyses
must carefully examine the details of the individual trials to decide
whether the pooled estimate is interpretable. The reader needs to ask: ‘Is
it reasonable to combine estimates of the effect of interventions from
these studies?’

These impediments to meta-analysis (insufficient data for meta-analysis,
and heterogeneity of subjects, interventions or outcomes) may be
thought to provide a justification for using vote counting or the levels of
evidence approach. But, as we have seen, vote counting and the levels of
evidence approach lack statistical power and, at any rate, do not provide
useful summaries of the effects of intervention because they do not esti-
mate the size of effects of intervention. And the levels of evidence approach
has the additional problem that it is sensitive to the precise definitions of
each of the levels of evidence, which are somewhat arbitrary. That is not
to say that reviews which employ vote counting or the levels of evidence
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approach are not useful. Such reviews may still provide the reader with
results of a comprehensive literature search and an assessment of quality,
and perhaps a detailed description of the trials and their findings. But
their conclusions should be regarded with some caution.

When meta-analysis is not possible, vote counting and levels of evi-
dence are not a good alternative. So what is? The best information we can
get from a systematic review, if meta-analysis is not appropriate or not
possible, is a detailed description of each of the trials included in the
review. Fortunately, as we have seen, estimates of effects of intervention
provided by each trial are usually given in a table or a forest plot, and this
information is often complemented by information about the methodo-
logical quality of each trial and the details of the patients, interventions
and outcomes in each trial. 

So even if meta-analysis has not been conducted, or if it has been
conducted inappropriately, we can still get useful information from
systematic reviews. The reviews fulfil the very useful role of locating
and summarizing relevant trials.

Readers may find the prospect of examining the estimates of individ-
ual trials less attractive than being presented with a summary meta-
analysis. In effect, the reader is provided with many answers (‘the effect
on a particular outcome of applying intervention in a particular way to a
particular population was X, and the effect on another outcome of apply-
ing intervention in another way to another population was Y’) , rather
than a simple summary (‘the intervention has effect Z’). Also, because the
findings of individual studies are not pooled, conclusions must be based
on the (usually imprecise, and possibly less credible) estimates of the
effects of intervention provided by individual trials. Nonetheless, this is
the only truly satisfactory alternative to meta-analysis when meta-analysis
is not appropriate or not possible because, unlike vote counting and the
levels of evidence approach, the description of estimates of effects of
intervention provided by individual trials provides clinically inter-
pretable information.

To summarize this section, systematic reviews which use vote count-
ing or the levels of evidence approach do not generate useful conclusions
about effects of intervention, and may conclude there is insufficient evi-
dence of effects of intervention even when the data say otherwise.
Systematic reviews that employ meta-analysis potentially provide better
evidence of effects of intervention because meta-analysis involves
explicit quantification of effects of interventions, and is statistically opti-
mal. However, meta-analysis is not always possible, and even when
meta-analysis is possible, it may not be appropriate. When a meta-analysis
has been conducted, readers must examine whether the trials pooled in
the meta-analysis were sampled from sufficiently similar populations,
used sufficiently similar interventions, and measured outcomes in suffi-
ciently similar ways. Where meta-analysis is not appropriate or possible,
or has not been done, the best approach is to inspect details of individual
trials.
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It is said that the strength of the quantitative approach lies in its reliability
(repeatability), by which is meant that replication of quantitative studies
should yield the same results time after time, whereas the strength of
qualitative research lies in validity (closeness to the truth). That is, good
qualitative research can touch what is really going on rather than just
skimming the surface (Greenhalgh 2001). Specifically, high quality inter-
pretive research offers an understanding of roles and relationships. This
implies that qualitative research can help physiotherapists better under-
stand the context of their practice and their relationships with patients
and their families. But this requires that the research findings be pre-
sented clearly, and that the findings are transferable to other settings.

Are the findings explicit? Is it clear how the researchers arrived at their
conclusion?

What do findings from qualitative research look like? The product of a
qualitative study is a narrative that tries to represent faithfully and accur-
ately the social world or phenomena being studied (Giacomini et al 2002).
The findings may be presented as descriptions or theoretical insights or
theories.

The interpretation of findings is closely related to the analytical path.
This was discussed in Chapter 5, but we revisit these ideas here. The find-
ings should be presented explicitly and clearly and it should be clear how
the researchers arrived at their conclusion. Interpretation is an integral
part of qualitative inquiry, and there is an emerging nature of qualitative
research in the way that the research alters as the data are collected. In
qualitative research the results are an interpretation of the data, so it is
not reasonable to expect separation of what the researchers found from
what they think it means (as in quantitative research) (Greenhalgh 2001).
Consequently, in qualitative research, the results and the discussion are
sometimes presented together. If so, it is still important that the data and
the interpretation are linked in a logical way. As described in Chapter 5,
the analytical path should be clearly described so that readers can follow the
way to the conclusion. Triangulation can improve the credibility of the
study and strengthen the findings.

The findings are often grouped into themes, patterns or categories,
and by developing hypothesis and theories. The theoretical framework
can be likened to reading glasses worn by the researcher when she or he
asks questions about the materials (Malterud 2001). A frequent shortcom-
ing in report-writing in qualitative research is to omit information about
whether the presented categories represent empirical findings or whether
they were identified in advance. It is not sufficient for a researcher simply
to say that the materials were coded for typical patterns, resulting in
some categories. The reader needs to know the principles and choices
underlying pattern recognition and category foundation (Malterud 2001).
Hjort and colleagues (1999) describe their arrival at categories with a two-
step approach in a study carried out among patients with rheumatoid
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arthritis. The aim of the study was to describe and analyse patients’ ideas
and perceptions about home exercise and physical activity. Five cate-
gories emerged from the first step of open coding and categorization,
ending up with three idealized types of people: the action-oriented, the
compliant and the resigned. By integrating results such as these into
practice, physiotherapists are more likely to be able to identify and
understand individual needs and may be better equipped to collaborate
with patients.

Findings are often supplied with quotations. Quotations and stories
can be used to illustrate insights gained from the data analysis. One
important function of quotations in the results section is to demonstrate
that the findings are based on data (Greenhalgh 2001). Statements such as
‘The participants became aware of their breathing’ would be more cred-
ible if one or two verbatim quotes from the interviews were reproduced to
illustrate them. For example:

Breathing – it always comes back to breathing. I stop, become aware of
how I breathe, and discover again and again that when I start to breathe
deeply, my body relaxes. I do this several times a day, especially at work.

(Steen & Haugli 2001)

Quotes and examples should be indexed so that they can be traced back
to an identifiable subject or setting (Greenhalgh 2001).

It is a challenge to present complex material from qualitative research
in a clear, transparent and meaningful way without overloading the reader
with details and theories that do not relate directly to the phenomenon
that is studied. Still, readers should look for whether the results of a quali-
tative research report address the way the findings relate to other theories
in the field. An empirically developed theory need not agree with exist-
ing beliefs (Giacomini et al 2002). But, regardless of whether it agrees or
not, authors should describe its relationship to prevailing theories and
beliefs in a critical manner (Giacomini et al 2002).

Does the study contribute to existing knowledge or understanding? Have
avenues for further research been identified? Can the findings be trans-
ferred to other populations or settings?

The aim of most research, and almost all useful research, is to produce
information that can be shared and applied beyond the study setting. No
study, irrespective of the method used, can provide findings that are uni-
versally transferable. Nonetheless, studies whose findings cannot be gen-
eralized to other contexts in some way can have little direct influence on
clinical decision-making. Thus, readers should ask if a study’s findings
are generalizable. One criterion for the generalizability of a qualitative
study is whether it provides a useful ‘road map’ for the reader to navi-
gate similar social settings.

A common criticism of qualitative research is that the findings of quali-
tative studies pertain only to the limited setting in which they were
obtained. Indeed, it has been argued that issues of generalizability in
qualitative research have been paid little attention, at least until quite
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recently (Schofield 2002). A major factor contributing to disregard of
issues of generalizability (or ‘external validity’43) appears to be a widely
shared view that external validity is unimportant, unachievable or both
(Schofield 2002). However, several trends, including the growing use of
qualitative studies in evaluation and policy-oriented research, have led
to an increased awareness of the importance of structuring qualitative
research in a way that enhances understanding of other situations. Gener-
alizability can be enhanced by studying the typical, the common and the
ordinary, by conducting multisite studies, and by designing studies to fit
with future trends (Schofield 2002).

Still, the generalizability of qualitative research is likely to be con-
ceptual rather than numerical. Interpretive research offers clinicians an
understanding of roles and relationships, not effect sizes or rates or other
quantifiable phenomena. Many studies of interest to clinicians focus on
communication among patients, therapists, families and caregivers. Other
studies describe behaviours of these groups, either in isolation or during
interactions with others (Giacomini et al 2002). A study that explored
views held by health professionals and patients about the role of guided
self-management plans in asthma care suggested that attempts to intro-
duce such plans in primary care were unlikely to be successful because
neither patients nor professionals were enthusiastic about guided self-
management plans (Jones et al 2000). Neither health professionals nor
patients felt positive towards guided self-management plans, and most
patients felt that the plans were largely irrelevant to them. A fundamen-
tal mismatch was apparent between the views of professionals and
patients on the characteristics of a ‘responsible’ asthma patient, and on
what patients should be doing to control their symptoms. Studies like
this provide findings that could, for example, help clinicians to under-
stand why patients with asthma might not ‘comply’ with treatment plans.
This might suggest (but would not prove the effectiveness of) modifica-
tions to care processes, and it suggests ways that practice could be made
more patient-centred.
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This section considers how we can interpret good quality evidence of the
prognosis of particular conditions. That evidence may be in the form of a
cohort study, or a clinical trial, or even a systematic review of prognosis.

The first step in interpreting evidence of prognosis is very much the same
as for studies of the effects of therapy. We need to consider whether the
patients in the study are similar to the patients that we wish to make
inferences about, and whether the outcomes are those that are of interest
to patients. These issues are very similar to those discussed at length with
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43 ‘External validity’ is another term for ‘generalizability’ or ‘applicability’ (Campbell &
Stanley 1966).
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randomized trials or systematic reviews of the effects of therapy, so we
will not elaborate further on them here. Instead we focus on some issues
that pertain particularly to interpretation of evidence of prognosis.

When we ask questions about prognosis we could be interested in the
natural course of the condition (what happens to people who are untreated)
or, instead, we might be interested in the clinical course of the condition
(what happens to people treated in the usual way). We can learn about
the natural course of the condition from studies that follow untreated
cohorts, and we learn about the clinical course of the condition from
studies that followed treated cohorts.44 What clinical value can this infor-
mation have? How is this information relevant to clinical practice?

Perhaps the most important role of prognostic information is that it
can be used to inform patients of what the likely outcome of having a par-
ticular condition is likely to be. For some conditions, particularly relatively
minor ailments, one of the main reasons that patients seek out profes-
sionals is to obtain a clear prognosis. People are naturally curious about
what their futures are likely to be, and they often ask about their prog-
noses. They may seek reassurance that their conditions are not serious, or
that the conditions will resolve without intervention. In responding,
physiotherapists are required to be fortune tellers, and it is best, where
possible, that they be evidence-based fortune tellers! We need to be pro-
visioned with good quality evidence about prognosis for the conditions
we often see. Of course, we should not divulge prognoses just because we
know what they are. Some patients do not want to know their prognoses,
particularly if the prognosis is bleak. It may take a great deal of wisdom
to know if, when and how to inform patients of poor prognoses.

Information about the natural history of a condition also tells us if we
should be alarmed about prognosis, and if we should look for some way
to manage the condition. For example, the parents of a young child with
talipes valgus (also called pes calcaneovalgus or pes abductus or pes val-
gus) might be interested in the natural history of the condition because
they want to know if it is likely to become a persistent problem, or if it is
something that will resolve with time. If the natural course was one of
ongoing disability we might consider investigating interventions that
might improve outcomes. But if, as is the case for talipes valgus in very
young children, the long-term prognosis is favourable (Widhe et al 1988),
then we will probably not consider intervention, and we would probably
choose simply to monitor development of the child’s foot.

We can extend this idea further. Information about the natural course
of a condition sets an upper limit for the benefit that can be provided by
intervention. For example, we may learn that the prognosis for a 42-year-
old male with primary shoulder dislocation is good: the risk of subse-
quent re-dislocation is around 6% within 4 years (te Slaa et al 2004).
Theoretically, then, the best possible intervention is one which reduces
the risk of dislocation by around 6% over 4 years. The implication is that
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44Some controlled trials may be able to tell us about both the natural course of the 
condition (using data from an untreated control group) and the clinical course of the
condition (using data from the intervention group).
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there is little point in considering interventions (such as a long-term exer-
cise programme) to prevent re-subluxation, because, even if the interven-
tion prevented all dislocations (an unrealistically optimistic scenario), the
number needed to treat for 10 years would be 11. That is, even in this
unrealistically optimistic scenario, the intervention would prevent only
one subluxation for every 11 patients who exercised for 10 years. Most
patients would consider this benefit (an average of 110 years of exercise
to prevent one subluxation) insufficient to make the intervention worth-
while. This example illustrates how information about a good prognosis
might discourage consideration of intervention.

In a similar vein, prognostic information can be used to supplement
decisions about therapy. Early in this chapter we considered whether the
effects of particular interventions were big enough to be clinically worth-
while and we used the example of a clinical trial that showed that, in the
general population of patients undergoing upper abdominal surgery,
prophylactic chest physiotherapy produced substantial reductions in risk
of respiratory complications (number needed to treat � 5). Then we
noted that the effects would be twice as big (number needed to treat of 2
or 3) in a morbidly obese population at twice the risk of respiratory compli-
cations. The information required for these calculations, about the progno-
sis (risk of respiratory complications) in morbidly obese patients, can be
obtained from studies of prognosis. That is, prognostic studies can be used
to scale estimates of the effects of therapy to particular populations.

A particular consideration in studies of prognosis concerns whether
the follow-up was sufficiently prolonged to be useful. For some condi-
tions (such as acute respiratory complications of surgery) most of the
interest focuses on a short follow-up period (days or weeks), whereas for
other conditions (such as cystic fibrosis or Parkinson’s disease) the long-
term prognosis (prognosis over years or even decades) is of more interest.
Readers should ascertain whether follow-up was sufficiently prolonged
to capture important prognoses.

What does prognosis look like? Essentially prognoses come in two styles.
Prognoses about events (dichotomous outcomes) are expressed in terms
of the risk of the event. And prognoses about continuous outcomes are
expressed in terms of the expected value of the outcome (usually the
mean outcome, but sometimes the median outcome). Usually prognoses
have to be associated with a time frame to be useful. Thus we say ‘in
patients who have undergone ACL [anterior cruciate ligament] recon-
struction, the 5 year risk of injury of the contralateral ACL is approxi-
mately 11%’ (Deehan 2000; this is a prognosis about a dichotomous
variable) or ‘In the 3 months following hemiparetic stroke, hand function
recovers, on average, by approximately 2 points on the 6 point Hand
Movement Scale’ (Katrak et al 1998; this is a prognosis about a continu-
ous variable).

This means that calculating prognosis is straightforward. For dichot-
omous outcomes we need only determine the proportion of people (that is,
the risk of) experiencing the event of interest. And for continuous outcomes
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we need only determine the mean (or median) outcome. But while the
calculations are straightforward, finding the data can be difficult. Often
the prognostic information is contained in studies that were not explicitly
designed to measure prognosis. It can require a degree of detective work
to snoop out key data that appear incidentally, perhaps in among statis-
tical summaries or in the headings to tables.

Sometimes outcome data are presented in the form of survival curves
such as the one illustrated in Figure 6.7. Survival curves are particularly
informative because they indicate how the risk of experiencing an event
changes with time.45 The risk for any particular prognostic time frame
can be obtained from this curve. Figure 6.7 gives an example of a survival
curve that shows the risk of lower limb musculoskeletal injury in army
recruits undergoing military training. As the study was a randomized trial,
there are two survival curves: one for each group. However the curves are
very similar, so either curve could be used to generate information about
risk of injury in army recruits undergoing training. The curves show that
risk of injury in the first fortnight is 6 or 8%, and risk of injury in the first 10
weeks is 22 or 23%.

Estimates of prognosis, like estimates of the effects of intervention, are
at best only approximations, because they are obtained from finite samples
of patients. Earlier in this chapter we considered how to quantify the
uncertainty associated with estimates of effects of intervention using 
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Figure 6.7 An example of
survival curves from a
randomized trial of the effects
of pre-exercise stretching on
risk of injury. The survival
curves show the cumulative
probability of army recruits in
stretch (S) and control groups
(C) remaining injury free over
the course of a 12 week
training programme. Redrawn
from Pope et al 2000.

45The survival curve is not just the proportion of survivors at any one point in time,
because if the probability of surviving was calculated in this way it would be biased by
loss to follow-up. Instead, the survival curve is calculated by estimating survival over
each successive increment of time, and then obtaining the product of the successive
probabilities of surviving each successive time interval.
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confidence intervals. We saw that large studies were associated with rela-
tively narrow confidence intervals. The same applies for estimates of
prognosis: large studies provide more certainty about the prognosis.

It may be useful to determine the degree of uncertainty to attach to an
estimate of prognosis. This is best done by inspecting the confidence inter-
vals associated with the prognosis. If we are lucky, the paper will report
confidence intervals for estimates of prognosis, but if not it is a relatively
easy matter to calculate the confidence ourselves, at least approximately.
Again, there are some simple equations that we can use to obtain approxi-
mate confidence intervals for estimates of prognosis. These are given in
Box 6.5.
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46The only difference is that, for prognosis of continuous 
variables, we now need to estimate a confidence interval for
the mean of a single group (rather than for the difference in the
means of control and experimental groups, as we did for
effects of therapy). Likewise for prognosis of dichotomous
variables, we now need to estimate a confidence interval for
the risk of a single group (rather than for the absolute risk

reduction, which is the difference in the risks of control and
experimental groups, as we did for effects of therapy). The
width of the confidence intervals for estimates of prognosis
differ from those used to estimate the size of effects of
intervention only in that we use 2N (twice the number of
subjects in the group of interest) rather than nav (the average
number of subjects in each group) in the denominator.

These equations are similar to those we used to
generate confidence intervals for estimates of effects
of intervention.46 When outcomes are measured on
continuous scales we can calculate the approximate
95% confidence interval for the mean outcome at
some point in time:

95% CI � mean � 3 � SD/�2N

where N is the number of subjects in the group of
interest.

When the outcome is measured on a dichotomous
scale we can calculate an approximate 95%
confidence interval for the risk of an event within
some time period:

95% CI � risk � 1/�2N

To illustrate the use of these formulae, consider
the study of long-term prognosis of whiplash-
associated disorder conducted by Bunketorp et al
(2004). These authors followed-up patients who had
presented to hospital emergency departments with a
whiplash injury 17 years earlier.

At 17 years, the mean total score on the 
100-point Neck Disability Index was 22.1 (SD 21.7,
N � 99). This is the expected level of disability in a
patient in this population 17 years after injury. The

mean score of 22.1 indicates that on average
patients had quite mild disability. We can calculate
an approximate 95% confidence interval for this
prognosis:

95% CI � mean � 3 � SD/�2N

95% CI � 23 � (3 � 22)/�2 � 99

95% CI � 23 � 5

95% CI � 18 to 28

Thus we expect an average level of disability in this
population of between 18 and 28 points on the Neck
Disability Index 17 years after whiplash injury.

Fifty-five of 108 subjects reported persistent pain
related to the initial injury. That is, in this cohort 
the risk of persistent pain after 17 years was 55/108
or 51%. The 95% confidence interval for this
prognosis is:

95% CI � risk � 1/�2N

95% CI � 51% � 1/�2 � 108

95% CI � 51% � 7%

95% CI � 44 to 58%

We could say that we anticipate a risk of persistent
pain of between 44 and 58% at 17 years.

Box 6.5 Confidence intervals for prognosis
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WHAT DOES THIS STUDY OF THE ACCURACY OF A DIAGNOSTIC 
TEST MEAN FOR MY PRACTICE?

In the final section of this chapter we consider the interpretation of high
quality studies of the accuracy of diagnostic tests.

The interpretation of the relevance of evidence about the accuracy of
diagnostic tests is very similar to the interpretation of studies of the effects
of therapy and prognosis. Most importantly, we need to consider whether
the patients in the study are similar to the patients about which we wish
to make inferences.

An additional consideration is the skill of the tester. Many of the 
diagnostic tests used by physiotherapists require manual skill to imple-
ment and clinical experience to interpret. When reading studies of 

Up to now we have considered how to obtain global prognoses for
broadly defined groups. But prognosis often varies hugely from person
to person. Some people have characteristics that are likely to make their
prognosis much better or much worse than average. For example, the
prognosis of return to work in young head-injured adults probably varies
enormously with degree of physical and psychological impairment, age,
level of education and social support. Ideally, we would use information
about prognostic variables such as these to refine the prognosis for any
individual.

Many studies aim to identify prognostic variables, and to quantify how
prognosis differs across people with and without (or with varying degrees
of) the prognostic variables. The simplest approach involves separately
reporting prognosis for subjects with and without a prognostic factor (or,
for continuous variables, for people with low and high levels of the prog-
nostic factor). An example comes from the prospective cohort study by
Albert et al (2001) of prognosis of pregnant women with pelvic pain that
we examined in Chapter 5. These authors separately reported prognoses
for women with each of four syndromes of pelvic pain.

More recent studies tend to use a different and more complex
approach. These studies develop multivariate predictive models to ascer-
tain the degree to which prognosis is independently associated with each
of a number of prognostic factors. The results are often reported in a table
describing the importance and strength of the independent associations
with each prognostic factor. Interpretation of the independent associa-
tions of prognostic factors is beyond the scope of this book. Suffice it to
say that information about the independent associations of prognostic
factors with prognosis is potentially important for two reasons. First, this
can tell us how much the presence of a particular prognostic factor modi-
fies prognosis. Second, we can potentially generate more precise esti-
mates of prognosis if we take into account the prognostic factor when
making the prognosis.
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diagnostic tests that require skill and experience it is good practice to
look for an indication that the test was conducted by people with appro-
priate levels of training and expertise. This is particularly critical when
the test performs poorly. Then you want to be satisfied that it was the test,
rather than the tester, that was incapable of generating an accurate 
diagnosis.

Another issue concerns the setting in which the tests were conducted.
Tests may perform well in one setting (say, a private practice that sees a
broad spectrum of cases) and poorly in other settings (say, in a specialist
clinic). We will revisit this issue towards the end of this chapter. For now
we simply allude to the idea that readers will obtain the best estimates of
the accuracy of diagnostic tests from studies conducted in clinical set-
tings similar to their own.

We say that a test is positive when its findings are indicative of the pres-
ence of the condition, and we say the test is negative when its findings are
indicative of the absence of the condition. However, most tests are imper-
fect. Thus, even good clinical tests will sometimes be negative when the
condition being tested for is present (false negative), or positive when the
condition being tested for is absent (false positive). Thus the process of
applying and interpreting diagnostic tests is probabilistic – the findings
of a test often increase or decrease suspicion of a particular diagnosis but,
because most tests are imperfect, it is rare that a single test clearly rules in
or rules out a diagnosis. Good diagnostic tests have sufficient accuracy
for positive findings greatly to increase suspicion of the diagnosis and
negative tests greatly to reduce suspicion of the diagnosis.

The most common way of describing the accuracy of diagnostic tests
(the concordance of the findings of the test and the reference standard) is
in terms of sensitivity and specificity. Sensitivity is the probability that
people who truly have the condition, as determined by testing with the
reference standard, will test positive. It is estimated from the proportion
(or percentage) of people who truly have the condition that test positive.
Specificity is the probability that people who do not have the condition
(again, as determined by testing with the reference standard) will test
negative. It is estimated from the proportion (or percentage) of people
who truly have the condition that test positive. Clearly, it is desirable that
sensitivity and specificity are as high as possible – that is, it is desirable
that sensitivity and specificity are close to 100%.

Though widely used, there is a major limitation to the use of sensitivity
and specificity as indexes of the accuracy of diagnostic tests (Anonymous
1981). Fundamentally, sensitivity and specificity are quantities that we do
not need to know about. Sensitivity tells us the probability that a person
who has the condition will test positive. Yet when we test patients in the
course of clinical practice we know if the test was positive or negative so
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47This next section has been reproduced with only minor changes from Herbert (2005).
We are grateful to the publisher for permission to reproduce this material.
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we don’t need to know the probability of a positive test occurring. More-
over, we don’t know, when we apply the test in clinical practice, if the person
actually has the condition. If we did, there would be no point in carrying
out the test. There is no practical value in knowing the probability that
the test is positive when the condition is present. Instead, we need to
know the probability of the person having the condition if the test is posi-
tive. There is a similar problem with specificities – we don’t need to know
the probability of a person testing negative when he or she does not have
the condition, but we do need to know the probability of the person hav-
ing the condition when he or she tests negative.

Likelihood ratios provide an alternative way of describing the accuracy
of diagnostic tests (Sackett et al 1985). Importantly, likelihood ratios can
be used to determine what we really need to know about. With a little
numerical jiggery-pokery, 

likelihood ratios can be used to determine the probability that a 
person with a particular test finding has the diagnosis that is being
tested for. 

The likelihood ratio tells us how much more likely a particular test result
is in people who have the condition than it is in people who don’t have
the condition. As most tests have two outcomes (positive or negative),
this means we can talk about two likelihood ratios – one for positive test
outcomes (we call this the positive likelihood ratio) and one for negative
test outcomes (we call this the negative likelihood ratio).

The positive likelihood ratio tells us how much more likely a positive
test finding is in people who have the condition than it is in those who
don’t. Obviously it is desirable for tests to be positive more often in 
people who have the condition than in those who don’t, so consequently
it is desirable to have positive likelihood ratios with values greater than
1. In practice, positive likelihood ratios with values greater than about 
3 are useful, and positive likelihood ratios with values greater than 10 are
very useful.

The negative likelihood ratio tells us how much more likely a negative
test finding is in people who have the condition than those who don’t.
This means that it is desirable for tests to have negative likelihood ratios
of less than 1. The smallest value negative likelihood ratios can have is
zero. In practice, tests with negative likelihood ratios with values less
than about a third (0.33) are useful, and tests with negative likelihood
ratios of less than about one-tenth (0.10) are very useful.

Many studies of diagnostic tests only report the sensitivity or the
specificity of the tests, but not likelihood ratios. Fortunately it is an easy
matter to calculate likelihood ratios from sensitivity and specificity:

LR� � sensitivity/(100 � specificity)

LR� � (100 � sensitivity)/specificity
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where LR� is the positive likelihood ratio and LR� is the negative likeli-
hood ratio, and sensitivity and specificity are given as percentages.48,49

Therefore, if sensitivity is 90% and specificity is 80%, the positive like-
lihood ratio is 90/(100 � 80) � 4.5 and the negative likelihood ratio is
(100 � 90)/80 � 0.125. In this example, the positive likelihood ratio is 
big enough to be quite useful and the negative likelihood ratio is small
enough to be very useful.

Likelihood ratios provide more relevant information than sensitivities
and specificities. So it is a worthwhile practice, when reading papers of
the accuracy of diagnostic tests, to routinely calculate likelihood ratios
(even if only roughly, in your head) and note them in the margins. The
likelihood ratios are what you should try to remember because they pro-
vide the most useful summary of a test’s accuracy.50

From the moment a person presents for a physiotherapy consultation
most physiotherapists will begin to make guesses about the probable
diagnosis. For example, a young adult male may attend physiotherapy
and begin to describe an ankle injury incurred the previous weekend.
Even before he describes the injury, his physiotherapist may have arrived
at a provisional diagnosis. It may be obvious from the way in which the
patient walks into the room that he has an injury of the ankle. Most com-
monly, injuries to the ankle are ankle sprains or ankle fractures. But it is
rare that someone can walk soon after an ankle fracture, so the physio-
therapist’s suspicion is naturally directed towards an ankle sprain. This
simple scenario provides an important insight into the process of diagno-
sis: physiotherapists usually develop hypotheses about the likely diagno-
sis very early in the examination. Thereafter, most of the examination is
directed towards confirming or refuting those diagnoses. Additional
pieces of information are accrued with the aim of proving or disproving
the diagnosis. Thus we can think of the examination as a process of pro-
gressive refinement of the probability of a diagnosis. 

The real value of likelihood ratios is that they tell us how much to
change our estimates of the probability of a diagnosis on the basis of a
particular test’s finding.51
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48Alternatively, if sensitivity and specificity are calculated as proportions, you can insert
1 instead of 100 in the equations.
49The use of likelihood ratios extends easily to tests that have more than two categories
of outcomes. (A common example is tests whose outcomes are given as positive, uncer-
tain or negative.) In that case there is a likelihood ratio for each possible test outcome.
50If you find it too hard to remember the numerical value of likelihood ratios, try 
and commit to memory a qualitative impression of the accuracy of the test: are the 
likelihood ratios such that the test is weakly discriminative, or moderately 
discriminative, or highly discriminative?
51More generally, likelihood ratios tell us about strength of evidence, or the degree to
which the evidence favours one hypothesis over another. This is the basis of the 
likelihood approach to statistical inference (Royall 1997).
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If we want to use likelihood ratios to refine our estimates of the prob-
ability of a diagnosis, we need first to be able to quantify probabilities.
Probabilities can lie on a scale from 0 (no possibility) to 1 (definite) or,
more conveniently, on a scale of 0% to 100%. Consider the following case
scenarios:

Case 1: A 23-year-old male reports that 3 weeks ago he twisted his
knee during an awkward tackle while playing soccer. Although he
experienced only moderate pain at the time, the knee swelled
immediately. In the 3 weeks since the injury, the swelling has only partly
subsided. The knee feels unstable and there have been several occasions
of giving way.

What probability would you assign to the diagnosis of a torn anterior
cruciate ligament? Most physiotherapists would assign a high probabil-
ity, perhaps between 70% and 90%, implying that most patients present-
ing like this are subsequently found to have a tear of the anterior cruciate
ligament. For now, let us assign a probability of 80%. Because we have
not yet formally tested the hypothesis that this patient has a torn anterior
cruciate ligament, we will call this the pre-test probability (Sox et al 1988).
That is, we estimate that the pre-test probability this patient has a torn
anterior cruciate ligament is 80%.

It appears likely that this patient has a torn anterior cruciate ligament,
but the diagnosis is not yet sufficiently likely that we can act as if that diag-
nosis is certain. The usual course of action would be to test this diagnostic
hypothesis, probably with an anterior draw test, or Lachman’s test, or the
pivot shift test (Magee 2002). Clearly, if these tests are positive we should
be more inclined to believe the diagnosis of anterior cruciate ligament tear,
and if the tests are negative we should be less inclined to believe that diag-
nosis. The question is, if the test is positive how much more inclined should
we be to believe the diagnosis? And if the test is negative how much less
inclined should we be to believe the diagnosis? Likelihood ratios provide a
measure of how much more or how much less we should believe a partic-
ular diagnosis on the basis of particular test findings (Go 1998).

A recent systematic review of diagnostic tests for injuries of the knee
(Solomon et al 2001) concluded that the positive likelihood ratio for the
anterior draw test was 3.8 (this is higher than 1, which is necessary for the
test to be of any use at all, and high enough to make it diagnostically use-
ful). The negative likelihood ratio was 0.3 (this is less than 1, which is neces-
sary for the test to be of any use, and low enough to be useful).

Now we need to combine three pieces of information: our estimate of the
pre-test probability; our test finding (whether or not the test was positive);
and information about the diagnostic accuracy of the test (the positive or
negative likelihood ratio, depending upon whether the test was positive or
negative). The easiest way to combine these three pieces of information is
with a likelihood ratio nomogram, such as Figure 6.8, reproduced from
Davidson (2002), after Fagan (1975). The nomogram contains three columns.
Reading from left to right, the first is the pre-test probability, the second 
is the likelihood ratio for the test, and the third is what we want to know: 
the probability that the person has the diagnosis (the ‘post-test probability’).
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All we need do is draw a line from the point on the first column that is
our estimate of the pre-test probability. The line should pass through the
second column at the likelihood ratio for the test (we use the positive
likelihood ratio if the test was positive and the negative likelihood ratio if
the test was negative). When we extrapolate the line to the right-most col-
umn it intersects that column at the post-test probability. What we have
done is to estimate the probability that the person has the condition on
the basis of our estimate of the pre-test probability, the test result (posi-
tive or negative), and what we know about the properties of the test
(expressed in terms of its likelihood ratios). We have used mathematical
rules to combine these three pieces of information.52

Returning to our example, we find that the young man with the sus-
pected anterior cruciate ligament tear tests positive with the anterior
draw test. By using the nomogram, we can estimate a revised (post-test)
probability of anterior cruciate ligament lesion given the positive test
finding. The post-test probability is 94%. If the test had been negative, we
would use the negative likelihood ratio in the nomogram and we would
conclude that this man’s post-test probability of having an anterior cruci-
ate ligament tear is 55%.
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Figure 6.8 Example of a
likelihood ratio nomogram.
Reproduced with permission
from Davidson (2002), after
Fagan (1975).

52An important assumption underlying this approach is that likelihood ratios remain
constant across pre-test probabilities.
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This illustrates a central concept in diagnosis. 

The proper interpretation of a diagnostic test can only be made after
consideration of pre-test probabilities. 

Theoretically, these pre-test probabilities could be ‘evidence-based’.53

However, good evidence of pre-test probabilities is rarely available. More
often pre-test probabilities are based on clinical intuition and experience –
the physiotherapist estimates the pre-test probability based on the pro-
portion of people with such a presentation who, in his or her experience,
have subsequently been found to have this diagnosis. Thus rational diag-
nosis is inherently subjective and experience-based.

Some physiotherapists feel suspicious about the inherent subjectivity of
this approach to diagnosis. (The approach is sometimes called a ‘Bayesian’
approach.) Subjectivity, where it produces variation in practice, is prob-
ably undesirable. However, the alternatives (such as ignoring what intu-
ition says about pre-test probabilities and making uniform assumptions
about pre-test probabilities like ‘all pre-test probabilities are 50%’) are
likely to produce much less accurate diagnoses. So, for the foreseeable
future, it seems sensible to retain the subjective elements of rational diag-
nosis; the process of diagnosis will remain as much an art as a science.

Viewed in this way, the process of diagnosis is one in which intuition-
based estimates of the probability of a diagnosis are replaced with pro-
gressively more objective estimates based on test findings. Indeed, if,
after conducting a test, the diagnosis remains uncertain (that is, if the
post-test probability is neither very high nor very low), the post-test
probability can be used as a refined estimate of the next pre-test prob-
ability. Sequential testing can proceed in this way, the post-test probabil-
ity of one test becoming the pre-test probability of the next test, until the
post-test probability becomes very high or very low and the diagnosis is
confirmed or rejected. The diagnosis is confirmed once the post-test
probability has become very high, and the diagnosis is rejected once the
post-test probability has become very low.

A consequence is that a given test finding should be interpreted quite
differently when applied to different people, because different people
will present with different pre-test probabilities. To illustrate this point,
consider a second case.

Case 2: A 32-year-old netball player reports that she twisted her knee
in a game three weeks ago. At the time her knee locked and she was
unable to fully straighten it. She does not recall significant swelling,
and reports no instability. However, in the 3 weeks since her injury there
have been several occasions when the knee locked again. Between
locking episodes the knee appears to function near normally.

This is not a classic presentation of an anterior cruciate ligament lesion.
A more likely explanation of this woman’s knee symptoms is that she has
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53For example, pre-test probabilities could be based on epidemiological data about the
prevalence of the condition being tested for in the population to whom the test is applied.
The prevalence, or the proportion of people in this population who have the condition,
provides us with an empirical estimate of the pre-test probability of having the condition.
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a meniscal tear. We might estimate the pre-test probability of an anterior
cruciate ligament lesion for this woman to be 15%. If she tests positive to
the anterior draw test, we would obtain a post-test probability of 40%.
(Try it and see if you get the same answer.) In other words, there is a 60%
probability (100 � 40%) that she does not have an anterior cruciate liga-
ment lesion, even though she tested positive with the anterior draw test.
This illustrates that a positive anterior draw test should be considered to
be much less indicative of an anterior cruciate ligament lesion when the
pre-test probability is low. Perhaps that is not clever statistics, just com-
mon sense!

If we had used a more accurate test (of which Lachman’s test may be
an example – one study estimated that its positive likelihood ratio was 42;
Solomon et al 2001), we should have expected further to modify our esti-
mates of the probability of the diagnosis. With a positive likelihood ratio of
42 and pre-test probability of 15%, a positive Lachman test gives a post-test
probability of 88%. This illustrates simply that discriminative tests (those
with high positive likelihood ratios or low negative likelihood ratios)
should influence the diagnosis more than tests with low discrimination.
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OVERVIEW

This chapter describes what clinical guidelines 
are, why they are important in current health 
care provision and how methods for guideline
development have evolved over the last 20 years.
The chapter discusses how to assess the quality and
trustworthiness of a clinical guideline to determine
whether it should be used in practice. It highlights
the importance of patient involvement in the

development of a ‘good’ guideline and describes
how recommendations can be developed in a
systematic and rigorous way even when there is
limited high quality clinical research. The legal
implications of developing and using clinical
guidelines are set out. Finally, there are some
reflections on current and possible future guideline
development activity in physiotherapy.
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WHAT ARE CLINICAL GUIDELINES?

Many clinical problems are complex and require the synthesis of findings
from several kinds of research. Management of a particular patient’s con-
dition may require information about diagnosis, prognosis, effects of
therapy and attitudes. It is time-consuming to explore the evidence relat-
ing to each aspect of the management of each clinical problem separately.
Clinical guidelines provide an efficient alternative. They provide a single
source of information about the management of clinical conditions.
Evidence-based clinical guidelines integrate high quality clinical research
with contributions from clinical experts and patients, in order to formu-
late reliable recommendations for practice. Where there are practice
issues relevant to the guideline topic for which there is little or no evi-
dence, a rigorous and systematic process is used to reach consensus
about best practice.

The purpose of a clinical guideline is to provide a ready-made resource
of high quality information for both practitioner and patient, so they
can discuss together the different options for treatment and the
different degrees of benefit or risk that interventions may have for that
patient. A shared and informed decision can then be made about how to
proceed with treatment.

Field and Lohr’s description of clinical guidelines (Institute of
Medicine 1992) has stood the test of time. It is now an internationally
accepted definition: 

Clinical guidelines are systematically developed statements to assist
practitioner and patient decisions about appropriate health for specific
circumstances.

In Chapter 3 we saw that systematic reviews provide a way of synthe-
sizing evidence. There are some similarities between systematic reviews
and clinical guidelines. At the heart of both is a comprehensive, rigorous
review of high quality clinical research. However, there are also a number
of differences. A summary of these is presented in Table 7.1.

Some people are concerned that clinical guidelines, because they
include recommendations for practice, become recipes for health care
that take away the individual practitioner’s autonomy to make his or her
own decisions about treatment. But clinical guidelines are not there to be
slavishly implemented without thought being given to the implications
of the recommendations for individual patients. It may be that the patient
has a co-morbidity or a social situation that means that the recommenda-
tions are not applicable in those circumstances, or that even though the
patient is aware of the evidence described in the guideline, his or her
preference is for a different approach or specific treatment. It is a patient’s
right to make such decisions, and it is the physiotherapist’s responsibility
to facilitate those decisions by providing relevant, accurate and accessible
information. However, if a recommendation in a guideline is based on
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strong and relevant evidence, it may reasonably be expected that the rec-
ommendations should be implemented unless there is a patient-related
reason not to do so. So, while the implementation of clinical guidelines is
not mandatory, a decision not to implement guideline recommendations
ought to be justified, and it would be wise to document such decisions.
The legal implications of clinical guidelines for users are discussed in
more detail later in the chapter.

History of clinical guidelines and why they are important 181

Systematic review Clinical guideline

Focus is likely to be on a single clinical Usually covers the whole process of disease management, with many
question, or a limited aspect of patient care clinical questions, so may require a number of systematic reviews

Likely to be developed by a small group Developed by a wide range of stakeholders: patients, clinical
of researchers experts, researchers, professional groups

Conclusions of the review are based on results Conclusions (recommendations) are based on a complex synthesis
from high quality clinical research alone of high quality clinical research, but also expert opinion, patient

experience and consensus views

Patients have a limited role or no role in Patients have a key role in production of the guidelines. They may 
production of the review. Rarely, patients may participate in framing of questions, interpretation of evidence
be involved in framing review question(s) and, with the rest of the guideline development group, making
and helping with the assessment and judgements about information from patients and health care
interpretation of evidence practitioners

Validity of conclusions depends on Validity of conclusions (recommendations) depends on methodological
methodological rigour rigour and judgements made by guideline development group

Can be developed relatively quickly Take a longer time to develop (risk of evidence being out of date at 
(evidence can be very current) time of publication)

Typically published as a technical report Patient versions often produced, in addition to a publication for
for health professionals health professionals

Table 7.1 Differences between systematic reviews and clinical guidelines

HISTORY OF CLINICAL GUIDELINES AND WHY THEY ARE IMPORTANT

Since the early 1990s, more and more has been written about what clinical
guidelines are, and how they should be developed. There are a number of
reasons why they have become popular. The introduction of the notion 
of ‘evidence-based’ clinical guidelines links closely to the development 
of evidence-based medicine and evidence-based practice, described in
Chapter 1. This led to a greater awareness of the importance of utilizing
the results of high quality clinical research in practice. Also, the exponen-
tial increase in the volume of published literature means that it is increas-
ingly difficult to keep up to date with new research. Clinical guidelines,
which provide summaries of high quality clinical research, patient views
and clinical expertise, provide a more manageable resource for busy
practitioners.
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In some countries, such as the United Kingdom, there have been calls
from the government and from the general public for more consistency in
the provision of health care for any particular condition or clinical prob-
lem. The goal is to ensure that people can expect the same (excellent)
health care, regardless of where they live. This can only be achieved if
what constitutes excellent health care is known. Recommendations for
practice need to be developed in a systematic, reliable and credible way
if they are to be applied across a whole population. In countries such as
the United States, insurance companies want to define the content of the
specific health care package they will pay for. So they, too, need to know
what is the most effective course of action in relation to a particular group
of patients.

Lastly, but of equal importance, patients increasingly request informa-
tion about what treatments will work best for them, what options they
may have, and the basis for the information health care professionals
give them.

Physiotherapists have always wanted to know that they are doing the
best for their patients, and many look to their peers for guidance on what
is expected ‘best practice’. This could be a personal network of one or
more colleagues of perceived similar or greater expertise, or local col-
leagues working in the same service, or an organized regional, national
or international group of specialists.

But how reliable is such guidance? On what is it based? Is it based on
opinion and experience, or is it based on high quality clinical research?
Many ‘guidelines’ are based on informal consensus, which in turn is
based on a combination of opinion and shared experience. Is this reliable
enough? How do we know if the recommendations really reflect effective
practice that will lead to health benefits for patients? How can we discern
what is effective practice without looking systematically at the available
evidence and considering its implications for practice?

Before the early 1990s, most clinical guidelines in health care were
developed informally, often by groups from a single health care profes-
sion, who produced, by informal consensus, statements of ‘best practice’.
But over the following few years a literature developed which described a
more systematic and evidence-based approach to developing guidelines. 

There was a common view about the key processes required in the
development of a good guideline (Grimshaw & Russell 1993, Grimshaw
et al 1995):

• The scientific evidence is assembled in a systematic fashion.
• The panel that develops the guideline includes representatives of

most, if not all, relevant disciplines.
• The recommendations are explicitly linked to the evidence from

which they are derived.

There was an acknowledgement (Grimshaw & Russell 1993) that those
guidelines that were not supported by a literature review may be biased
towards reinforcing current practice, rather than promoting evidence-based
practice. And there were concerns that guidelines developed using 
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non-systematic literature reviews may suffer from bias and provide ‘false
reassurance’.

The literature on clinical guideline development suggests that, from
2000 onwards, a more systematic approach to guideline development
methodology has become accepted in many countries (Burgers et al 2003).
Developments in methods have, more recently, tended to focus on the
difficult problem of formulating recommendations where there is limited
research evidence – a situation that most guideline developers find them-
selves in. Methodological initiatives have focused on the impact of people
on guideline development, as opposed to the research literature focus of
the 1990s. For example, important recent initiatives have concerned guide-
line development group dynamics, the beliefs and values of participants
in the development process, and how these can impact on making appro-
priate judgements as free from bias as possible.
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WHERE CAN I FIND CLINICAL GUIDELINES?

Only a minority of clinical guidelines are published in journals, so the major
databases such as MEDLINE, EMBASE and CINAHL provide a poor way
of locating practice guidelines. The most complete database of evidence-
based practice guidelines relevant to physiotherapy is PEDro. PEDro was
described in some detail in Chapter 4.

PEDro only archives evidence-based practice guidelines. Evidence-
based practice guidelines are defined by the makers of PEDro as guide-
lines in which:

1. a systematic review was performed during the guideline development
or the guidelines were based on a systematic review published in the 
4 years preceding publication of the guideline, and

2. at least one randomized controlled trial related to physiotherapy man-
agement is included in the review of existing scientific evidence, and

3. the clinical practice guideline must contain systematically developed
statements that include recommendations, strategies, or information
that assists physiotherapists or patients to make decisions about
appropriate health care for specific clinical circumstances.

At the time of writing there are 444 clinical guidelines on the database.
To find clinical practice guidelines on PEDro, use the Advanced Search

option, and choose Clinical Guidelines in the drop-down menu of the
‘Methods’ field. You can add additional search terms and combine them
with AND or OR to refine your search.

Another database, of clinical guidelines relevant to rehabilitation, can
be found at www.health.uottawa.ca/EBCpg/english/. Here, guidelines
have been quality assessed using the AGREE instrument, discussed in
subsequent sections of this chapter. A National Guidelines Clearing
House can be found at www.guideline.gov/. This contains mostly guide-
lines developed in North America. Criteria for inclusion in the database
include the presence of a systematic literature review based on published,
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peer-reviewed evidence and systematically developed statements that
include recommendations to assist health care decision-making.

Some countries have national clinical guideline programmes, which
produce multiprofessional clinical guidelines. Many of these will include
reference to physiotherapy management. Sites of national clinical guide-
line programmes and information include:

• (in Scotland) www.show.scot.nhs.uk/sign/
• (in England) www.nice.org.uk
• (in Australia) www.nhmrc.gov.au/publications
• (in New Zealand) www.nzgg.org.nz
• (in the USA) www.guideline.gov

The Guidelines International Network (G-I-N) is an international associ-
ation of organizations involved in clinical guidelines. Its aims include facili-
tating the sharing of information and knowledge and working between
guideline programmes, and improving and harmonizing methodologies
for guideline development. You can find more information about G-I-N
at http://www.g-i-n.net/index.cfm?fuseaction=homepage
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HOW DO I KNOW IF I CAN TRUST THE RECOMMENDATIONS 
IN A CLINICAL GUIDELINE?

With the growing number of clinical guidelines being developed by many
different international, national and local organizations, it is important for
physiotherapists to be able to distinguish between high and low quality
clinical guidelines.

Two studies (Shaneyfelt et al 1999, Grilli et al 2000) examined published
medical guidelines to determine their quality. Both concluded there were
widespread quality problems. Grilli’s study looked specifically at clinical
guidelines published by specialist societies, while Shaneyfelt looked at
guidelines published by specialist societies and by other organizations.
Grilli argues for agreed, common standards of reporting clinical guide-
lines, similar to the CONSORT statement for randomized controlled trials
(Begg et al 1996). The authors acknowledge their assessment was based on
the report of the guideline development and that further information
might have been elicited if they had known more about what was actually
done in the development process. However, as readers of guidelines do
not usually have the luxury of obtaining further insights into the guide-
line development process, this seems a reasonable position to have taken.

In 1999, Cluzeau et al argued for the development of criteria for the
critical appraisal of guidelines, following the same principles as work
that was already becoming established to assess the quality of a random-
ized controlled trial or systematic review (Cluzeau et al 1999). Such 
criteria would allow an assessment to be made to determine whether 
the guideline developers had taken a rigorous approach to minimizing
potential biases in the guideline development process, providing reas-
surance concerning the validity of the guideline’s recommendations. 
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A checklist was developed containing 37 items (Cluzeau & Littlejohns
1999, Cluzeau et al 1999) addressing different aspects of guideline devel-
opment. The results of this development project suggested good reliabil-
ity for the instrument and acceptable face validity.

Later, this instrument was further developed and validated by an
international group of researchers from 13 countries, known as the
Appraisal of Guidelines, REsearch and Evaluation (AGREE) Collabor-
ation (The AGREE Collaboration 2003). The instrument is divided into
six theoretical quality domains (Box 7.1) where 

the ‘quality’ of guidelines is defined as ‘the confidence that the biases
linked to the rigour of development, presentation, and applicability of a
clinical practice guideline have been minimized and that each step of
the development process is clearly reported’ (p 18).

In the next sections we consider how to use the AGREE appraisal tool
to assess the quality of a clinical guideline. The tool can be found at
www.agreecollaboration.org. One of the key features of a good clinical
guideline is that the way it has been developed should be transparent. 
In other words, the guideline development process has been thoroughly
documented and is available for the reader of the guideline to assess for
themselves its credibility, reliability and relevance to their practice. In
appraising a clinical guideline, evidence is sought, primarily from the
guideline document itself, about whether or not the criteria in the instru-
ment have been met (as for a research study). The AGREE instrument
and its accompanying User Guide provides a framework for the assess-
ment of the quality of a clinical guideline and an explanation for each of
the criteria respectively. The headings in the following sections broadly
follow those used in the instrument.

Before beginning the guideline development process, developers should
be clear about the overall objective(s), including the guideline’s potential
impact on society and populations of patients.

A scoping document is sometimes written, detailing the background
epidemiology (describing the health problem to be addressed), the popula-
tion the guideline will be relevant to (and any exceptions), the health care
settings and the interventions that will and will not be considered in the
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Scope and purpose
Stakeholder involvement
Rigour of development
Clarity and presentation
Applicability
Editorial independence

Box 7.1 Domains of the AGREE instrument

SCOPE AND PURPOSE

The overall objectives
of the guideline are

specifically described
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guideline. This information should be presented in the guideline docu-
ment. The scoping document should have been available for consultation
with a range of interested parties (stakeholders, see below) to ensure key
areas have not been missed or misinterpreted, and that important issues
for different groups, particularly patients, have been considered.

There should be a clear and detailed description of the clinical questions
covered by the guideline, and how these were formulated (normally a
role of the guideline development group).

The significance of clearly articulated clinical questions is twofold:

1. Clear clinical questions break the scope of the guideline down into
more specific and detailed components.

2. Clear clinical questions help the information scientist develop focused
search strategies, including the identification of key words and which
databases to search.

There should be a clear description of the population to whom the guide-
line recommendations will apply.

The guideline should describe all those who have been involved at some
stage of the development process. Some will have been part of the guide-
line development group, which carries out the guideline development
process. Others will have been involved at particular consultation stages
of the development process, or as an expert adviser at a particular point
in the development process.

The membership of the guideline development group is important on two
counts:

1. The content and rigour of the guidelines depend, in part, on the
expertise and range of experiences brought to the guideline develop-
ment process.

2. To have a good chance of being successfully implemented, a guideline
must have credibility with its readers. The names of those who were
involved in the guideline development process may provide, or com-
promise, some of that credibility.

A number of authors describe the importance of having representatives
from a range of different backgrounds in a guideline development group.
This is thought to be critical to ensure potential biases are balanced
(Shekelle et al 1999). A group with diverse values, perspectives and inter-
ests is less likely to skew judgements, particularly during the stage of for-
mulating recommendations, than if group members consist solely of
like-minded people (Murphy et al 1998).
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Clinical questions
covered by the

guideline are
specifically described

The patients to whom
the guideline is meant

to apply are specifically
described

STAKEHOLDER
INVOLVEMENT

The guideline
development group
includes individuals

from all relevant
professional groups
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Guideline developers should describe the process through which they
considered who the key stakeholders are and on whom the guideline 
will impact. Stakeholders include any groups of health professionals
involved with the care of patients for the topic being considered, patients
themselves, people with technical skills that will support the rigour of
the guideline development process, and those who have responsibility
for the successful implementation of the guideline. The following groups
should be considered:

• Acknowledged clinical experts in the clinical area in which the guide-
lines are being written. If there are different schools of thought, or pro-
tagonists for particular modalities or techniques, it will be important
that as many of these are represented as possible, to ensure that all 
perspectives are considered, and that a balanced outcome can be
achieved.

• More junior guideline users may be more ‘hands on’ than the
‘acknowledged experts’ (above), and may be able to contribute views
about the practicalities of implementation and ensure the guideline
sits in the context of the average health facility, not just specialist centres.

• Service managers, who may also need to contribute perspectives about
the practicability of implementation, particularly if there are resource
issues.

• Researchers in the clinical area. They can contribute knowledge of the
current research base and in-progress research.

• A range of professionals involved with the care of the patient popula-
tion that the guideline applies to. This may be one or more pro-
fessional groups directly involved with the care of the patient as part
of a team, or professions from whom patients are referred, or are
referred to.

• Patients. It is essential that the views of patients are available at every
point of the guideline development process. The rationale for this, and
the process of involving patients, is described in more detail in the
next section.

• Technical experts, including information scientists and systematic
reviewers, who will carry out the all-important evidence review that
inform the guideline’s recommendations, and a project manager who
will keep the guideline development project on track.

• A group leader with high level group process skills, to ensure full and
equal participation of members of the guideline development group
(Box 7.2).

It is not usually practical to include representatives from all of these
groups in the guideline development group itself. In considering the
quality of the guideline, you will need to consider whether there has been
adequate involvement from different perspectives.
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Just as with health care professionals, it is important that patients feel some
ownership of clinical guidelines. The knowledge that patients were
involved in the guideline development process will add credibility for those
other patients who need to use the guidelines as a source of information.

Patients provide a valuable source of evidence about what constitutes
clinically effective health care (Duff et al 1996). In clinical guideline 
development the involvement of patients is an increasingly established
part of the process. A number of studies have been conducted to evaluate
the ways in which patients and users can contribute most effectively to
the guideline development process. Some are described below in order to
provide those appraising a guideline with an idea of what to look for in
descriptions of patient involvement in clinical guidelines.

In 1996, Duff and colleagues held a seminar for patient representatives,
health professionals, researchers and patients. The aims were to identify the
means by which patients and users of services could most effectively be
involved in the development of clinical guidelines, and the key factors
influencing effective involvement. Among the many recommendations
were that patients should be involved throughout the whole process of
guideline development, from identifying the topic (for example, having a
view on the priorities for care) to educating groups who interpret and
implement the guidelines. The significance of involving patients in guide-
line development was investigated in the Netherlands by Pijnenborg & van
Veenendaal (2003). The authors concluded that the involvement of patients
resulted in formulation of questions that were more relevant to patients,
and there had been better considered judgement1 of the evidence. It was
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1Considered judgement (also discussed on p 193) describes the process that guideline
development groups undertake in deciding what recommendations can be made on the
basis of the available evidence. It is perhaps the most difficult part of the whole guideline
development process and requires the exercise of judgement based on experience as well
as knowledge of the evidence and the methods used to generate it (Scottish Intercollegiate
Guidelines Network 2004). There should be clear documentation in the guideline which
makes the link between the evidence and recommendation, explaining how and why the
group has exercised its judgement in the interpretation of the evidence.

Patients’ views and
preferences have been

sought

Clinical experts
Patients
Acknowledged experts
Researchers
A range of professionals involved in the care of patients for whom the
guideline is intended

Technical experts
Information scientists
Systematic reviewers
Project managers
Group leaders

Box 7.2 Participants in a guideline development group
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deemed important to provide supporting information for patients and
patient representatives, for example on how to consult with fellow
patients.

The target users should be clearly defined in the guideline so that it 
is clear for which health professionals and patients the guideline is 
relevant.

A pilot process should have taken place to test the feasibility and practi-
cality of implementing the guideline. The pilot should also test the clar-
ity, understandability and effectiveness of presentation of the guideline,
as well as the acceptability of the rationale for the recommendations. This
is likely to be a theoretical rather than a practical process so, for example,
it might involve, at a local level, individuals or teams being asked to read
the guideline. This would be followed by discussion in order to clarify
understanding of the evidence base, the rationale for the recommenda-
tions, the acceptability of recommendations and perceptions of the prac-
ticalities for, and likelihood of, implementation.

The guideline developers should document the process of piloting,
providing brief examples of comments received and how these have
impacted on the final version of the guideline.

Readers of clinical practice guidelines need to be satisfied that the evidence
is based on an up-to-date and rigorous review. Appraisal of systematic
reviews has already been discussed in Chapters 5 and 6, and the same
principles can be applied when considering the quality of the methods
used for the evidence review in a clinical guideline.

Most clinical guidelines categorize ‘levels of evidence’, based on the
strength and reliability of the evidence used. Typically, the hierarchies
place high quality systematic reviews of randomized controlled trials at
the top of the list, as these studies offer the most trustworthy information
about the size of the effect of an intervention. This is usually followed by
single randomized controlled trials, then cohort and other observational
studies. Consensus and the views of expert groups are placed at the 
bottom of the hierarchy, as providing the least reliable evidence. This type
of hierarchy, however, fails to recognize that different clinical questions
lend themselves to different research designs. For example, evidence
about diagnostic tests may draw on cross-sectional studies, yet such
studies are not represented in the typical hierarchy. Similarly unrepre-
sented is information about patients’ experiences, discerned by qualita-
tive research. However, readers should appreciate that the hierarchies
used to categorize levels of evidence in clinical guidelines are usually
only applicable to evidence about intervention, and they typically refer to
the strength of evidence for the effects of interventions.

A typical hierarchy, or grading of evidence, likely to be found in many
clinical guidelines, is set out in Table 7.2.
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Target users of the
guideline are clearly

defined

The guideline has been
piloted among target

users

RIGOUR OF
DEVELOPMENT

Systematic methods
were used to search for
and select the evidence,

and these are clearly
described
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There are, however, differences and shortcomings in the grading sys-
tems which can be confusing and even misleading. Ferreira et al (2002)
highlighted the importance of using consistent criteria for defining levels
of evidence in systematic reviews, finding that the use of different criteria
could lead to markedly different conclusions being reached. New hier-
archies are now evolving that aim to indicate more explicitly ‘the extent
to which one can be confident that an estimate of effect is correct’
(GRADE Working Group 2004). The GRADE approach takes into account
study design, study quality, consistency and directness in judging the
quality of evidence for each important outcome. Further developments
towards a common understanding and application of a transparent and
explicit system for grading levels of evidence can be expected over the
coming years.

This criterion reflects one of the most difficult, but important, elements in
guideline development. It concerns the judgements that are made about
what the evidence really means for patients – its quality, reliability and
relevance, including an assessment of relative benefits, harms and risks.
The results of such judgements are then translated into meaningful rec-
ommendations for practice, which include an indication of the strength
of the recommendation. The appraiser of a guideline must be satisfied
that the process of formulating recommendations described in the guide-
line is transparent, free of bias and accurate.

Many clinical guidelines include a system for grading the strength of
recommendations. For example, a ‘Grade A’ recommendation might be
one that is based on at least one randomized controlled trial as part of a
body of literature, and a ‘Grade C’ recommendation one that is based on
expert opinion or clinical experience of respected authorities (National
Institute for Clinical Excellence 2001). While this is logical, in the sense
that a high quality randomized controlled trial is likely to provide more
reliable evidence of effectiveness than expert opinion, there are several
factors that should be considered before recommendations are made. The
GRADE Working Group (2004) suggests that recommendations should
consider four main factors:
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Level Type of evidence

Ia Evidence obtained from a systematic review of randomized controlled trials
Ib Evidence obtained from at least one randomized controlled trial
IIa Evidence obtained from at least one well-designed controlled study without randomization
IIb Evidence obtained from at least one other type of well-designed quasi-experimental study
III Evidence obtained from well-designed non-experimental descriptive studies, such as comparative 

studies, correlation studies and case studies
IV Evidence obtained from expert committee reports or opinions and/or clinical experience of 

respected authorities

Adapted from National Institute for Clinical Excellence (2001). (This hierarchy has subsequently been revised.)

Table 7.2 An example of levels of evidence used in guideline development

The methods used for
formulating the

recommendations are
clearly described
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• The balance between benefits and harms, taking into account the 
estimated size of the effect for the main outcomes, the confidence 
limits around those estimates, and the relative value placed on each 
outcome.

• The quality of evidence.
• Translation of the evidence into practice in a specific setting.
• Uncertainty about baseline risk for the population.

Based on these four criteria, the following categories for recommenda-
tions are suggested:

• ‘Do it’ or ‘Don’t do it’, indicating ‘a judgement that most well-informed
people would make’.

• ‘Probably do it’ or ‘Probably don’t do it’, indicating ‘a judgement that
a majority of well-informed people would make, but a substantial
minority would not’.

Methods for grading the strength of recommendation in clinical practice
guidelines are evolving rapidly. It is hoped this will produce grading
methods with explicit criteria, empirically evaluated in an international
collaboration.

For guideline developers, formulation of recommendations is difficult
for two reasons. First, there is unlikely to be sufficient high quality clini-
cal research on which to base clear recommendations for the whole range
of interventions or care processes described in the guideline scope, so
other methods have to be used to gather information that can be used as
a reliable resource. Second, formulating recommendations for practice
from the available information, whether high quality clinical research or
consensus or expert views, requires a degree of judgement and interpret-
ation by the guideline development group which is potentially open to
the biases of the guideline development group participants and the
group process.

These are difficult areas, about which relatively little has been written
to date, yet they are crucial to the development of a clinical guideline. In
order to help those appraising a guideline, we have gone into more detail
in the following paragraphs to explain techniques used for consensus
development and how to minimize the likelihood of bias in the formula-
tion of recommendations. This will help readers and users of guidelines
recognize the processes used by a guideline development group, as
described in the guideline, and to make an assessment about the rigour of
that process.

When developing clinical guidelines it is almost inevitable that it will
not be possible to find high quality research evidence on which to base at
least some recommendations. There may be only poor quality studies
whose results are not reliable, or there may be no studies at all. What are
guideline developers to do? The choice is to:

• limit the guideline recommendations to those areas where there is
good evidence
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• abort the development of the guideline
• supplement the evidence with expert views, consensus statements or

judgements made by the guideline development group.

Guidelines based on pockets of good evidence will be both brief and dis-
jointed. Such guidelines do not provide the basis for the decision-making
that clinicians and policy makers need. For this reason they could be 
conceived as almost worthless. Eccles et al (1996) observed that such
restrictions on guideline recommendations would ‘limit their value to 
clinicians and policy makers who need to make their decisions in the
presence of imperfect knowledge’. Trickey et al (1998) further observed
that limiting the development of guidelines to areas where there is suffi-
cient research would imply a reduction in the potential to improve health
care in areas that, by their nature, do not lend themselves to randomized
controlled trials.

Aborting the guideline development process because there is a dearth 
of evidence might sound a logical step, yet there will never be as much
high quality clinical research as would be ideal to formulate clear 
recommendations. The outcome would therefore be that there would be
no guidelines with which to help patients and professionals make 
decisions.

The pragmatic solution to the lack of evidence is to try to combine what
evidence there is with a consensus process that will be as systematic, rig-
orous and free of bias as the assessment of the research evidence attempts
to be. Consensus can be used to fill evidence gaps. Grimshaw et al (1995)
observed that ‘the effectiveness of clinical guidelines depends at least as
much on the quality of the consensus development as on the quality of
the evidence base’.

Over the last five years, there has been increasing interest in how to
mix expert opinion with scientific literature. Some authors have identi-
fied factors that might introduce bias, such as the composition and
dynamics of the guideline development group, and personal values and
beliefs of guideline development group members. Murphy et al (1998)
have reviewed the use of formal consensus methods in guideline devel-
opment, including Delphi techniques, nominal group technique and 
consensus conferences. These techniques are not described here, but
interested readers are referred to the review. The review suggests that the
most commonly used consensus method for clinical guideline develop-
ment is a modified nominal group technique. Its main characteristic is
that the views of individuals involved in the guideline development
process are initially sought privately, often via a mailed questionnaire,
after which the group meets together, the results are fed back to the group
and discussed, before individuals again complete a questionnaire pri-
vately. For example, Rycroft-Malone (2001) described how they brought
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Abort the development of
the guideline

Supplement the evidence
with expert views,

consensus and judgement

Limit the guideline
recommendations to areas

where there is good
evidence
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together research evidence, patient evidence (‘expert patient opinions’)
and clinical expertise using a modified nominal group technique, to
develop clinical guidelines on the prevention and management of pres-
sure ulcers. Participants, who were a heterogeneous, multiprofessional
group, were sent a summary of evidence and asked to vote on 200 prede-
termined questions. The group members, who had been chosen for their
expertise in the subject area and who were acknowledged experts with
credibility and status among their peers, then met. They discussed the
results of the voting, focusing primarily on areas where there was the
greatest disagreement, and they then re-voted secretly. Scores were used
to determine the ‘consensus’ position. Factors that were reported as sig-
nificant in making the process successful included the expertise of the
facilitator in maintaining an environment conducive to good decision-
making and encouraging the group to view the task as research-based,
rather than opinion-based. Although the influence of psychosocial fac-
tors (conformity, persuasion, etc.) on the group process was not evalu-
ated, it was considered these were minimized, for example by having
private rating rounds.

Whether recommendations are based on high quality research, or con-
sensus in the absence of evidence, there is a broad acknowledgement that
value judgements also play a key role in the decision-making process
about the preferred course of action. Consequently, it is important that
guidelines document how the guideline development group’s final 
conclusions were made (for example, how disagreements were handled
and how information was synthesized). Cook et al (1997) sum up the
importance of documenting processes: ‘If guideline developers do not
indicate how they identified and summarized the evidence and inte-
grated different values, clinicians cannot adequately evaluate the rigour
of the guidelines and the extent to which research evidence supports the
recommendations.’

In another model, the Scottish Intercollegiate Guidelines Network
(SIGN) describes a process of ‘considered judgement’, during which the
guideline development group decides what recommendations can be
made from the evidence that has been presented to the group. The guid-
ance can be found at http://www.show.scot.nhs.uk/sign/guidelines/
fulltext/50/annexd.html

The key factors are described as:

• The nature of the evidence – its quantity, quality and consistency. This
determines the degree of susceptibility to bias to which the evidence may
be exposed.

• The applicability of the evidence to the scope of the guideline, including
the population, settings and available resources and systems within
which health care is provided. For example, if the evidence suggests a
particular piece of equipment is effective, but it is impracticable to use in
the primary care setting for which the guideline is being written, it would
not make sense for it to be recommended.
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• The generalizability of the evidence to the population and settings being
considered in the guideline. For example, studies of lifestyle modification
carried out in Japan might not be applicable to a European population.
There could be cultural issues that make it difficult to assume that the
same study carried out in the UK would have produced similar results.

• Clinical and cost impact. The incremental health gains for patients if the
guideline recommendations are implemented need to be balanced
against incremental costs of implementation to health care providers and
patients. Cost-effectiveness of an intervention should be weighed against
the cost-effectiveness of its alternatives. For example, if a community-
based rehabilitation programme was to be recommended, what other
services would need to be cut back as a result?

• Impact of beliefs and values on decision-making. From the discussion above,
it is clear that for each of the issues described, a degree of judgement is
required to be able to draw conclusions that are balanced and well thought
through. Bias can be minimized by having a group that includes a wide
range of interested parties, including patients, and a group that is well facili-
tated to avoid undue authority being given to some members than others.
Other external sources of information can also be utilized to support 
decision-making, for example reported patient concerns or qualitative stud-
ies that shed light on the acceptability for patients of specific procedures, or
data on the likelihood of patient or professional adherence to particular
strategies. Consensus views, collected in a systematic way, such as that
described earlier in the chapter, also need to be considered at this stage.

The guideline development group should document the process of
evidence review and considered judgement in order that the recommen-
dations can be clearly tracked back to the evidence and subsequent dis-
cussions about it. This should include a description of the key issues
raised within the group and how these were resolved. This will assist the
users of the guideline to be able to make their own judgement about the
robustness of the process and therefore the reliability of the guideline 
recommendations.

It is inevitable that the interpretation of the evidence will be influenced
by the values of individual panel members. Grimshaw and colleagues
(1995) urged the establishment of programmes of research and develop-
ment that give at least as much thought to the psychology of the group
dynamics as to the science of systematic reviews. However, few, if any
attempts have been made to investigate the role of group dynamics.
Reports on such studies are eagerly awaited.

The guideline should consider the health benefits, side-effects and risks
of the recommendations. This allows patients and physiotherapists to
understand the relative benefits and risks of different options for inter-
vention, so that shared decisions can be made.
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The guideline should be clear about the evidence, whether high quality
clinical research, consensus or expert views, on which each recommenda-
tion has been based. Each recommendation should have a list of refer-
ences on which it is based.

There should be evidence of an external review process in the guideline
document. The guideline, at final draft stage, should be sent to experts in
the clinical area of the guideline topic and to guideline methodologists
for peer review. Clinical and academic experts in the topic area should be
asked to assess the evidence presented. For example, has any evidence of
significance been missed, are the judgements that have been made about
the interpretation of the evidence sound? Methodologists should be
asked to review the rigour of the whole guideline development process
and assess any potential for bias in the conclusions reached.

The results of the external review process should be documented in the
guideline and examples given of discussion and changes made as a result.

There should be a clear statement in the guideline about the procedure
for updating the guideline. A time scale may be given, but arrangements
should also be in place to act sooner if it is known that new high quality
clinical research will soon be published, particularly if it is possible that
the new evidence could significantly change the guideline recommenda-
tions. A formal or informal monitoring process should be set up so that
the developers are made aware of new research.

Recommendations should be as precise and clear as possible, identifying
specific patient populations and specific circumstances when recommen-
dations apply. Dosages should be included if these can be supported by
the evidence.

Clear options for management will enhance patient choice and facilitate
decision-making.

The AGREE instrument suggests that guideline developers highlight 
the most important recommendations for practice in some way, to allow
guideline users to find them easily. This might be in the form of a flow
chart, or box. These recommendations should relate back to the key clini-
cal questions identified at the start of the guideline development process.

The implementation of clinical guidelines is not as easy as might be
thought, as we will see in the next chapter. Additional materials, for
example a quick reference guide, educational tools or patient leaflet, are
often disseminated with the guideline to facilitate implementation.
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Guideline recommendations may, directly or indirectly, require organiza-
tional, as well as individual practitioner change. If this is the case, those
able to influence and facilitate organizational change should have been
involved in the guideline development process.

Clinical guidelines should discuss the cost implications of the guideline
recommendations, for example requirements for more staff or new
equipment. The guideline should include a discussion on the potential
impact on resources.

Audit criteria provide the means by which health professionals can meas-
ure their adherence to the guideline recommendations, thus enhancing the
guideline’s successful use in practice. If there are many recommendations,
the review criteria may need to focus on the key recommendations.

If the guideline is not editorially independent from a funding body there
could be the potential for the funding body to influence the content of the
guideline. This may arise, for example, if the producer of therapeutic
equipment, or a service provider, or a physiotherapy association funds
the guideline development. These groups may have a vested interest 
in guideline recommendations. In general, it is better if the process 
of guideline development is independent of influence from funding 
bodies. The guideline should include a statement about its editorial 
independence.

Members of the guideline development group should be asked to declare
any interests that might affect their judgements during the guideline devel-
opment process. The results of this should be documented in the guideline.

By the end of the assessment of a clinical guideline using the AGREE
instrument, you will have formed a judgement about whether the guide-
line is ‘good enough’ to apply to your patients. The key factors will be:

• Is the purpose of the guideline clear?
• Is the patient population to which the guideline applies similar to your

own patients?
• Are the settings to which the guideline applies similar to the settings of

your patients?
• Has the development process been systematic and rigorous?
• Is the guideline generally, and the recommendations in particular,

clear?
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Legal implications of clinical guidelines 197

CLINICAL GUIDELINES
OR ‘REASONABLE

CARE’: WHICH DO THE
COURTS CONSIDER

MORE IMPORTANT?

LEGAL IMPLICATIONS OF CLINICAL GUIDELINES

Many health professionals, including physiotherapists, have concerns
that, with the increasing number of clinical guidelines being developed,
their autonomy to use professional judgement and make their own deci-
sions about a patient’s care will be compromised. The concern centres on
the legal basis of clinical guidelines, with fears that, should they be sued
and found not to have been following an available, relevant high quality
clinical guideline, this would leave the health professional vulnerable.

Much of the literature about the legal implications of clinical guide-
lines goes back to the mid-1990s, before the methodology for the devel-
opment of rigorous, systematic evidence-based clinical guidelines had
become more widely used. The literature is almost entirely restricted to
that related to medical practitioners. However, there is nothing to sug-
gest the principles that apply to doctors would not apply equally to
physiotherapists, or that the legal position of clinical guidelines has
changed in more recent years.

The literature is clear on two counts:

• There is little case law in relation to the use (or not) of clinical guidelines.
In the United States, where the incidence of litigation is high, clinical
guidelines play ‘a relevant or pivotal role in the proof of negligence’ in
only 7% of cases (Hyams 1995, cited by Hurwitz 1995). Despite an explo-
sion of clinical guideline development since the 1990s, it appears that the
courts are more likely to focus on the facts of the case than refer to clini-
cal guidelines (Samanta et al 2003).

• There has been no suggestion that the presence of a clinical guideline
takes away the responsibility of the practitioner for using professional
judgement in relation to a particular patient. Rather, there is an expecta-
tion that the user of clinical guidelines will not accept recommendations
at face value, but will first consider their relevance and acceptability for
any individual patient (Mann 1996). Indeed, the practitioner could be
deemed to have been negligent to apply the recommendations in a clini-
cal guideline if the patient’s condition contraindicated its application.

Perhaps surprisingly, the courts seem to take the view that the status of
clinical guidelines is secondary to the reasonableness of a group of
respected health professionals. In UK law and elsewhere, the ‘Bolam test’
still dominates. The Bolam test was derived from a legal ruling in 1957, 
in the case of Bolam v. Friern Hospital Management Committee. The judge-
ment was that ‘a doctor will not be guilty of negligence if he has acted in
accordance with a practice accepted as proper by a responsible body of
medical men skilled in that particular art’. Further, the test also recog-
nizes that there can be more than one school of thought, so doctors can
often rebut a charge of negligence by claiming to conform to the practice
of another body of responsible doctors (Hurwitz 1999).

Concerns have been expressed (Chalmers 1994) that courts may con-
sider ‘usual practice’ more ‘reasonable’ than an evidence-based practice
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that has not necessarily gained general professional acceptance. Justice
Denning, acknowledging the rapidly increasing volume of literature, ruled
in 1953 ‘it would be quite wrong to suggest that the medical man is negligent
because he does not at once put into operation the suggestion that some con-
tributor or other might make to a medical journal … The time may come in
a particular case when a new recommendation may be so well proved and
so well known, and so well accepted that it should be adopted, but that was
not so in this case’ (Crawford v. Board of Governors of Charing Cross Hospital
(1953), cited in Hurwitz 1995). So, if clinical guidelines make recommenda-
tions that are evidence-based, but do not at the time of publication constitute
‘customary practice’, those recommendations may be challenged in a court
by the existing ‘customary professional care’, or by expert witnesses.

However, clinical guidelines developed by a responsible body have also
been used to support practice and protect the practitioner. In the case of
Tony Bland, a young man in a persistent vegetative state (PVS), the court
accepted the British Medical Association’s guidelines on discontinuing life
support to patients in PVS and agreed that hydration and nutrition should
be withdrawn (Hurwitz 1995). In another case reported by Hurwitz (Early
v. Newham Health Authority (1994)), where there was a failure to intubate
successfully, it was agreed that the anaesthetist had followed locally devel-
oped guidelines produced by a ‘competent medical authority who applied
its mind to this problem and came up with a reasonable solution’ and was
not, therefore, deemed to have been negligent (Samanta et al 2003).

In France, clinical guidelines published by the Agence Nationale pour
le Développement de l’Evaluation Médicale constitute an enforceable
agreement between doctors and the social security administration. In
Germany, guidelines have no direct legal status but courts may consider
they represent the standard of medical care, so a physician may need 
to justify their deviation from the ‘expected standard’. In Norway, clinical
guidelines are considered to represent the standard of medical practice
and are an important factor in medicolegal cases. Deviations from guide-
lines are expected to be explained and documented. Guidelines have 
no legal force in Australia, but patient care could be viewed as less than
reasonable where clinical guidelines are available but not followed,
unless it can be justified on appropriate clinical grounds. A law requiring
physicians in the Netherlands to treat patients according to a professional
standard was passed in 1995. Dutch guidelines do not have direct legal
status, but in 2001 the Netherlands Supreme Court ruled that medical
protocols are part of the medical professional standard. Not following
them could be judged an ‘accountable shortcoming’ (Damen et al 2003).

There are two issues in relation to documentation:

1. If a clinical guideline is available, but the recommendations are not 
followed, an explanation of the rationale for the variance should be
documented.

2. It may be prudent for each practice to keep an archive of versions 
of documents that have been used over time, and the dates during
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which they were in use. This is so that reference can be made to the rec-
ommendations that were in current usage at any particular point in
time, for example by a court, which would need to have access to the
version of a clinical guideline in use at the time of the episode under
scrutiny.

Reflections on the future of guideline development 199
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DEVELOP CLINICAL
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Between guideline
developers and

systematic reviewers

REFLECTIONS ON THE FUTURE OF GUIDELINE DEVELOPMENT

Grimshaw et al (1995) observed that the development of valid guidelines
requires considerable resources. They argued for greater co-ordination
nationally on guideline development, to avoid duplication, and felt that
national programmes would reduce the costs of local guideline develop-
ment. They concluded that expertise was needed for conducting system-
atic reviews, synthesizing the evidence and developing valid guidelines.
Sudlow & Thomson (1997) reached similar conclusions, stressing that the
development of guidelines requires considerable skills and resources not
likely to be available at a local level. At a local level, the expertise required
was in appraising and adapting national guidelines and identifying local
resource constraints and barriers to implementation.

The development of clinical guidelines relies on making use of existing
systematic reviews and/or the formulation of new reviews as part of the
guideline development process. This suggests close alliances and part-
nerships should be developed between systematic review generators and
clinical guideline developers, to share common methodologies, problems
and solutions, and also to share actual reviews, to avoid duplication. An
increasing number of commentators are acknowledging this. Indeed it
has been suggested that there should be a database of evidence tables
available that both systematic reviewers and guideline developers 
can access. In the Netherlands, partnerships are already established
between the Dutch Cochrane Centre and guideline centres. In physio-
therapy in the Netherlands, this has led to collaboration in guideline
development between the professional body (Royal Dutch Society for
Physiotherapy, KNGF) and the Cochrane Rehabilitation and Related
Therapies Field in Maastricht.

A growing number of commentators are also discussing international
collaboration in guideline development as a way of avoiding duplication
and unnecessary resource use. These calls acknowledge that different
health care settings, systems and resources may mean that recommenda-
tions are not generalizable in different countries. However, there is a grow-
ing desire for evidence reviews to be shared across countries.

In physiotherapy, there is already discussion taking place between 
the Netherlands (KNGF) and the UK (Chartered Society of Physiother-
apy, CSP) about future collaboration on guideline development, particu-
larly the evidence review component. The World Confederation of

International
collaboration
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Physical Therapy (Europe) has agreed a common position on guideline
development methodology in physiotherapy (J. Mead & P. van der Wees,
unpublished work 2004) and it is hoped this will be adopted worldwide,
providing a common basis for guideline development processes in physio-
therapy. International networks of guideline developers urgently need to
be established so that those less familiar with guideline development can
explore methodological issues with more experienced colleagues. This in
turn could lead to a wider sharing of the work of developing clinical
guidelines, allowing the profession to extend the coverage of topics.

Clinical guidelines, if developed rigorously, provide a systematic review
of the available evidence in a particular clinical area. Their development
can provide a valuable opportunity to highlight the most clinically rele-
vant gaps in the evidence, including those that are most important for
patients. Researchers should consider clinical guidelines a source of clini-
cally relevant research topics when identifying priorities for research 
programmes.

Most published physiotherapy guidelines are developed by physiother-
apists for physiotherapists. Yet it may be preferable for a multiprofes-
sional group, including patients or their representatives, to develop clinical
guidelines. This would enhance the credibility of the guidelines and
ensure that a variety of views have been considered. So physiotherapy
guidelines may benefit from being developed in a way that is more inte-
grated with other health care providers and patients. When multiprofes-
sional guidelines are developed, even with physiotherapists involved in
the process, the recommendations relevant to physiotherapists have
tended to be scant, even where there is strong evidence of effectiveness.
The recommendations tend to be restricted to broad statements which do
not help physiotherapists ‘make decisions about appropriate health care’
(Institute of Medicine 1992). For example, in a clinical guideline for mul-
tiple sclerosis, published by the National Institute for Clinical Excellence
in 2003 (http://www.nice.org.uk/pdf/CG008guidance.pdf), one Grade
A recommendation states: ‘Physiotherapy treatments aimed at improv-
ing walking should be offered to a person with multiple sclerosis who 
is, or could be, walking.’ While this is based on high level evidence, it
provides no guidance on what types of treatments might be more effec-
tive than others in improving walking, or even whether the improve-
ments that can be expected are in the quality of gait, distance walked or
speed of walking. Why do multidisciplinary guidelines often lack spe-
cific recommendations? Perhaps this is in part related to time pressures of
multiprofessional guideline developers. Developers may not have the
time to look in detail at every aspect of a guideline’s scope. Alternatively,
there may be a lack of high quality evidence. Or it may be that the rele-
vant systematic reviews contain heterogeneous studies which are not
easily interpreted except by a reviewer with specific knowledge of each
clinical issue. Indeed, the individual studies may have to be re-analysed
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in order to be able to draw relevant conclusions – a complex and time-
consuming exercise. Physiotherapists, or professional bodies, may need
to go back to the evidence of a national multiprofessional guideline to
look in more detail at the evidence, and develop consensus where gaps
are identified or uncertainties lie, in order to present more meaningful
findings.

To conclude, high quality clinical guidelines provide a valuable
resource for practice in the form of recommendations for practice based
on a systematic evidence review integrated with information from a con-
sensus process and expert judgement. However, clinical guidelines are
expensive and time-consuming to develop. A real challenge for the years
ahead will be to set up international collaborations of organizations that
will trust each others’ work sufficiently to avoid the current duplication
of guidelines developed across countries. A second challenge will be to
determine with more clarity whether clinical guidelines actually lead to
health benefits for patients. Finally, optimal mechanisms for facilitation
and implementation of guidelines need to be found and used.

Chapter 8 will describe what is currently known about strategies for
the successful implementation of clinical guidelines.
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OVERVIEW

Producing high quality clinical research does not
necessarily result in improved quality of care. The
translation of research into practice is difficult for
many reasons. This chapter focuses on implementing
evidence-based physiotherapy. Barriers to change for
physiotherapists are presented, and some theories of
change are discussed. The chapter provides an
overview of what is known about evidence-based

implementation of evidence-based care, with a
specific emphasis on guideline implementation. 
The use of evidence is one factor that can affect 
the quality and effectiveness of interventions. The
practice of evidence-based physiotherapy should 
be viewed in the context of a range of other
organizational and individual quality improvement
activities.
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MAKING IT HAPPEN204

TWO APPROACHES

WHAT DO WE MEAN BY ‘MAKING IT HAPPEN’?

Making evidence-based physiotherapy happen implies implementing
practices informed by high quality clinical research. Implementation can
be achieved and promoted in many ways. The underlying assumption is
that producing high quality clinical research is not enough on its own to
ensure improvement in practice behaviour. Gaps between research and
practice exist, so the translation of research into practice is an important
issue. Traditionally, passive diffusion of research has been regarded as a
way of closing the research–practice gap. A more active strategy, often
called dissemination, involves targeting the message to defined groups.
Implementation is even more active, planned and tailored. ‘Implementation
involves identifying and assisting in overcoming the barriers to the use of
the knowledge obtained from a tailored message. It is a more active
process still, which uses not only the message itself, but also organiza-
tional and behavioural tools that are sensitive to constraints and opportu-
nities of health professionals in identified settings’ (Lomas 1993). This
implies that implementation is an active process that addresses and over-
comes barriers to change.

As discussed in Chapter 1, there are a number of motivators for inform-
ing practice by high quality clinical research, but we also know there are
barriers to changing practice behaviour. Making evidence-based physio-
therapy happen is a challenge to both individuals and organizations, so
action is needed from several perspectives. Up to now this book has
focused on how individual physiotherapists can identify, appraise, inter-
pret and use high quality clinical research. But bringing about change is a
responsibility not just of practising physiotherapists. Often implementa-
tion programmes are initiated ‘top-down’. For example, there may be a
national or local strategy to improve physiotherapy for low back pain or
for the management of osteoporosis. This means someone is responsible at
a management level for the implementation of a specific practice change
or a guideline. Such management activities are important because individ-
uals need support, access to resources and a culture ready for change, to
make evidence-based practice happen. That is why we have focused on a
broader perspective of implementation in this book. The target group for
this chapter is, therefore, primarily physiotherapy and health service lead-
ers, managers of health services and policy-makers.

Evidence-based physiotherapy can be made to happen in two main ways.
The first is by implementing the five steps of evidence-based practice
(described in Chapter 1) as an integral part of everyday practice. This
involves physiotherapists formulating questions of relevance for practice,
searching, critically appraising research and informing current practice
with high quality clinical research. In the clinical decision-making process
this information is combined with practice knowledge and patient prefer-
ences. These ‘steps’ provide the infrastructure for, or foundations of, 
evidence-based physiotherapy. Application of the steps requires the skills
to ask questions, search, appraise and interpret the evidence. It also requires
access to equipment or technology, for example a computer, access to the
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internet and journals. Chapter 9 will consider how you can evaluate
whether or not you are implementing the steps in your own pratcice.

A second approach to making evidence-based physiotherapy happen is
through the implementation of a personal and/or organizational practice or
behaviour change related to a specific condition. This may be necessary
because there is current variation in practice, or because that practice needs
to be improved or changed in a particular area. A typical example is the
implementation of new strategies for management of low back pain.
Organizations have to decide which strategies to use to improve profes-
sional performance and quality of care, and on what to base these decisions.

Changing is hard 205

CHANGING IS HARD

Change is always difficult, in every area of human life. We guess you will
have experienced how hard it can be. Most physiotherapists provide a good
service for their patients. Where there are large variations in practice among
physiotherapists, or gaps between current practice and high quality clinical
research, there is generally a good reason. It may be that the patient or the
physiotherapist has strong preferences for, or positive experiences of, a cer-
tain treatment, or it may simply be due to a lack of knowledge by the physio-
therapist. Sometimes, however, there are other reasons. Clinical behaviour,
like other behaviours (for example physical activity, sexual behaviour or
smoking habits) is determined by a number of factors, and the link between
knowledge and behaviour is often weak. Anyone who has tried to change
patient behaviour, or one’s own behaviour, will recognize how difficult it is.
Knowledge alone is often not sufficient for behaviour change. When it
comes to physiotherapists’ behaviour there might be a number of factors
that determine practice patterns. For example, factors related to resources,
social support, practice environment, prevailing opinions and personal atti-
tudes might all act as barriers to desired change.

Before moving on to a discussion of barriers that have been identified
in physiotherapy, it will be useful to consider some theories of change.

Implementation research has been defined as the scientific study of methods
to promote the uptake of research findings for the purpose of improving
the quality of care. It includes the study of factors that influence the
behaviour of health care professionals and organizations, and the interven-
tions that enable them to use research findings more effectively. Research
in this area has followed two related tracks: the transfer or diffusion of
knowledge and behaviour change (Agency for Healthcare Research and
Quality 2004).

Theories of change can be used both to understand the behaviour of
health professionals and to guide the development and implementation
of interventions intended to change behaviour. Numerous theories 
of behaviour change have developed from a variety of perspectives: 
psychology, sociology, economics, marketing, education, organizational
behaviour and others. The theories relate to changing the behaviours of
patients, professionals and organizations. One type of theory is often

THEORIES OF CHANGE
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called the classical, or descriptive, model (Agency for Healthcare Research
and Quality 2004) and the most referred to is Rogers’ Diffusion of
Innovation Theory (Rogers 1995). This is a passive model that describes
the naturalistic process of change. The innovation–decision process is
derived from Rogers’ theory and consists of five stages that potential
adopters pass through as they decide to adopt an innovation. Rogers
developed the model of adopter types in which he classified people as
innovators (the fastest adopter group), early adopters, the early majority,
the late majority and laggards (the slowest to change). However, these
classical models provide little information about how to actually accelerate
and promote change.

Other types of theory are often called planned change models (Agency
for Healthcare Research and Quality 2004). They aim to explain how
planned change occurs and how to alter ways of doing things in social
systems. Most of these are based on social cognitive theories. Three examples
of planned change theories are Green’s precede–proceed model, the
social marketing model and the Ottawa Model of Research Use.

The precede–proceed model outlines steps that should precede an inter-
vention and gives guidance on how to proceed with implementation and
subsequent evaluation (Green et al 1980). The ‘precede’ stage involves
identifying the problem and the factors that contribute to it. The factors are
categorized as predisposing, enabling or reinforcing. The key ‘proceed’
stages are implementation and evaluation of the effect the intervention
had on behaviour change, and on predisposing, enabling and reinforcing
factors.

Social marketing provides a framework for identifying factors that drive
change. According to this model, change should be carried out in several
stages (Kotler 1983). The first stage is a planning and strategy develop-
ment stage. The next stage involves selecting the relevant channels and
materials for the intervention. At this stage the target group is ‘segmented’
to create homogeneous subgroups based, for example, on individuals’
motivations for change. Subsequently, materials are developed and piloted
with the target audience. Finally, there is implementation, evaluation and
feedback, after which the intervention may be refined. Social marketing
has largely focused on bringing about health behaviour change at a com-
munity level, but it has also been used as the basis for other quality
improvement strategies, for example academic detailing or outreach 
visits, discussed later in this chapter.

The Ottawa Model of Health Care Research requires quality improvement
facilitators to conduct an assessment of the barriers to implementing 
evidence-based recommendations. They then identify the potential
adopters, and look at the practice environment to determine factors that
might hinder or support the uptake of recommendations (Agency for
Healthcare Research and Quality 2004). The information is then used to
tailor interventions to overcome identified barriers or enhance the sup-
porters. Finally, the impact of the implementation is evaluated and the
interactive process begins again.

Motivational theories, including the social cognition model, propose
that motivation determines behaviour, and therefore the best predictors
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of behaviour are factors that predict motivation. This assumption is the
basis for social psychological theories. Bandura’s social cognitive theory is one
example (Bandura 1997). This theory proposes that behaviour is deter-
mined by incentives and expectations. Self-efficacy expectations are beliefs
about one’s ability to perform the behaviour (for example, ‘I can start
being physically active’) and have been found to be a very important con-
struct and predictor of behaviour change. A refinement of social cogni-
tive theory is stage models of behaviour, which describe the factors thought
to influence change in different settings. Individuals are thought to go
through different stages to achieve a change, and different interventions
are needed at different stages. Such theory might be applied to the types
of change required for evidence-based practice. One model (Prochaska &
Velicer 1997) involves five stages: pre-contemplation, contemplation,
preparation, action and maintenance. One can easily understand that 
a person who is in a pre-contemplation stage (someone for whom no 
reason for change has been given) would need strategies to raise aware-
ness and acknowledge information needs. In contrast, a person at an action
or maintenance stage needs easy access to high quality clinical research,
and reminders to keep up the achieved behaviour. This theory is widely
used, as in a study to improve physical activity (Marcus et al 1998).
Nonetheless a recent systematic review found that there was little evi-
dence to support the use of stage model theories for smoking cessation
(Riemsma et al 2003).

Most of the theories described above focus on individuals, but organiza-
tional factors play an important role in change processes as well. One type
of organizational theory is rational system models, which focus on the internal
structure and processes of an organization (Agency for Healthcare
Research and Quality 2004). These models describe four stages in the
process of organizational change and different perspectives that need to be
addressed in each stage. The stages relate to awareness of a problem, iden-
tification of actions, implementation and institutionalization of the change.
Institutional models assume that management has the freedom to implement
change and the legitimacy to ask for behaviours to drive the implementa-
tion. Institutional models can explain important factors of quality improve-
ment involving total quality management, an organizational intervention
that is carried out by a range of philosophies and activities. All organiza-
tional models emphasize the complexity of organizations and the need to
take account of multiple factors that influence the process of change.

Learning theory from educational research emphasizes the role of intrin-
sic personal motivation. From these theories have developed activities
based on consensus development and problem-based learning. In con-
trast, marketing approaches are widely used to target physician behaviour
(for example prescribing) and also to promote health to the general public,
as in health promotion campaigns.

As demonstrated here, there are many theories of change. All have
shortcomings because implementation is a complex process. Only by
testing these out in clinical and practice settings can evidence on whether
they work be generated. There is much debate about how they should be
evaluated. There is also a growing call on future implementation research

Changing is hard 207

H8820-Ch08.qxd  3/1/05  11:53 AM  Page 207



developing a better theoretical basis for implementation strategies than
seen up until now (Grimshaw et al 2004).

In the introduction to this chapter we presented two different approaches
to ‘making it happen’. The first was through implementation of the ‘steps’
of evidence-based physiotherapy in everyday practice. The second
approach was by implementing a desired change in current practice for a
particular patient group. The outcome measures for the first approach
would be measures of the extent to which physiotherapists formulate
questions, search and read papers critically and use high quality clinical
research to inform their everyday practice. The outcome measure for the
second approach would be the extent to which current practice is matched
to high quality clinical research. Both approaches require a change in
behaviour, but the barriers to using the steps for evidence-based physio-
therapy as part of everyday practice might differ from the barriers to
achieving a desired practice for a patient group. The barriers might also
differ between patient groups and cultures. There are no one-size-fits-all
or universal barriers to good practice (Oxman & Flottorp 1998). Specific
barriers have to be identified for every implementation project, which
might then not be relevant to other settings or circumstances.

The identification of barriers to implementation of evidence-based physio-
therapy is often carried out with qualitative research methods, as the aim 
is to explore attitudes, experiences and meanings. Many of us will have a
limited insight into barriers to using evidence in our own practices. Critical
reflection is the starting point for identifying determinants for practice.

Several studies have tried to identify barriers to evidence-based practice
among health professionals (Freeman & Sweeny 2001, Young & Ward
2001). In a survey of Australian general practitioners, 45% stated that the
most common barrier was ‘patients’ demand for treatment despite lack
of evidence for effectiveness’ (Young & Ward 2001). The next three highest-
rated barriers were all related to lack of time. This was rated as a ‘very
important barrier’ by significantly more participants than lack of skills.

Humphris et al (2000) used qualitative methods to identify barriers in
occupational therapy and followed this qualitative study with a survey to
evaluate the importance of the identified factors. The three most discour-
aging factors were workload pressure, time limitations and insufficient
staff resources. Another survey, carried out with dieticians, occupational
therapists, physiotherapists and speech and language therapists, identi-
fied barriers related to skills, understanding research methodology, and
having access to research and time. The relevance of research and institu-
tional barriers seemed to be less of a problem (Metcalfe 2001). More
specifically, the top three barriers were ‘statistical analysis in papers is
not understandable’, ‘literature not compiled in one place’ and ‘literature
reports conflicting results’. More than one-third (38%) of the physiother-
apists felt that doctors would not co-operate with implementation, and
30% felt that they did not have enough authority to change practice.

A well-conducted study was carried out in the Wessex area of the UK
with the aim of identifying physiotherapists’ attitudes and experiences
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related to evidence-based physiotherapy (Barnard & Wiles 2001). Junior
physiotherapists and physiotherapists working in hospital settings felt
that they had the skills needed to appraise research findings prior to imple-
mentation. Others, particularly senior physiotherapists working in com-
munity settings, felt that they did not. Community physiotherapists also
felt that they were not able to engage in evidence-based practice, due to
poor access to library facilities and difficulties in meeting with peers. Some
physiotherapists also described problems with the culture working against
evidence-based physiotherapy where senior staff were resistant to change.

One study from the Netherlands was carried out to identify barriers to
implementation of a guideline for low back pain (Bekkering et al 2003). One
hundred randomly selected physiotherapists were invited to participate
and asked, in a survey, to identify any difference between the guideline rec-
ommendations and their current practice. The survey revealed a number of
issues, highlighted by discrepancies between guideline recommendations
and practice, that might be regarded as barriers to implementation. The
most important of these was lack of knowledge or skills of physiotherapists
in both the diagnosis and treatment processes. In the treatment process this
was due to differences between traditional and evidence-based treatment
(for example, passive interventions were traditionally used, but were dis-
couraged by the guidelines). The second most important difference was an
organizational one involving problems with getting the co-operation of the
referring physicians (mostly general practitioners). There was also an issue
about the expectations of patients. The authors conclude that, since skills
and knowledge were the most important barriers, there is a need for contin-
uing postgraduate education to keep knowledge and skills up to date.

In Scotland, a stroke therapy evaluation programme was carried out as
a multidisciplinary project. One part of this project was the implementa-
tion of evidence-based rehabilitation. Pollock et al (2000) conducted a
study to identify barriers to evidence-based stroke rehabilitation among
health professionals, of whom 31% were physiotherapists. The study
started with focus groups identifying perceived barriers, followed by a
postal questionnaire to rate participants’ agreement with the identified
barriers. The barriers were divided into three areas: ability, opportunity
and implementation. The key barriers identified across professionals were
lack of time, lack of ability/need for training, and difficulties relating to
the implementation of research findings. Physiotherapists felt less put off
by statistics than occupational therapists and nurses. Sixty-seven percent
of all respondents agreed that they needed more training in appraisal and
interpretation of studies, and only 8% agreed that they had sufficient time
to read. Barriers to implementation appeared to be a lack of confidence in
the validity of research findings and in the transferability of research find-
ings to an individual’s working environment.

What do these studies tell us? There are big variations in the barriers
reported, but the main barriers to implementing evidence-based practice
relate to time, skills and culture. One barrier that was not identified in the
studies reported, but which we believe is relevant, is the lack of high quality
clinical research in many areas. If you go through the steps of formulating
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a question and searching for evidence without identifying high quality
studies, this must be a barrier to evidence-based practice.

Barriers to implementation of specific behaviour changes are more com-
plex in nature, and specific to the topic under study. Overall, the conclu-
sion seems to be that barriers need to be identified for each project and
setting, because different approaches seem to be needed to address them.
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WHAT HELPS PEOPLE
TO CHANGE PRACTICE?

EVIDENCE-BASED IMPLEMENTATION

A range of strategies exists to change the behaviour of health care profes-
sionals, with the aim of improving the quality of patient care. Box 8.1 pro-
vides examples of interventions that have been evaluated in systematic
reviews with a focus on improving practice. The interventions are classi-
fied by the Cochrane Collaboration’s Effective Practice and Organization
of Care group (EPOC; http://www.epoc.uottawa.ca/). The focus of the
EPOC group’s work is on reviews of interventions designed to improve
professional practice and the delivery of effective health services.

• Educational materials Distribution of published or printed
recommendations for clinical care (such as clinical practice guidelines,
audio-visual materials, electronic publications)

• Didactic educational meetings Lectures with minimal participant
interaction

• Interactive educational meetings Participation of health care
providers in workshops that include discussion or practice

• Educational outreach visits A personal visit by a trained person to a
health care provider in his or her own setting to give information with
the intent of changing practice

• Reminders (manual or computerized) Patient or encounter-specific
information, provided verbally, on paper or on a computer screen,
which is designed or intended to prompt a health professional to recall
information

• Audit and feedback Any summary of clinical performance of health
care over a specified period of time. The summary may also have
included recommendations for clinical action

• Local opinion leaders Health professionals nominated by their
colleagues as being educationally influential are recruited to promote
implementation

• Local consensus process Inclusion of health professionals in
discussions to agree to an approach to managing a clinical problem
that they have selected as important

• Patient mediated interventions Specific information sought from or
given to patients

• Multifaceted interventions A combination of two or more interventions

Box 8.1 Examples of interventions to promote professional behaviour
change (based on EPOC taxonomy; www.epoc.uottawa.ca)
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EPOC reviews produce information about the effectiveness of interven-
tions. The focus includes various forms of continuing education, quality
assurance, informatics, and financial, organizational and regulatory inter-
ventions that can affect the ability of health care professionals to deliver
services more effectively and efficiently.

As discussed in the introduction to this chapter, implementation of
evidence-based practice can be promoted in different ways or stages.
Implementing the steps of evidence-based practice is one option that might
lead to changes in specific behaviours.

One systematic review focused on teaching critical appraisal in health
care settings (Parkes et al 2004). This review included only one random-
ized study, carried out among nurses. The study indicated that the partici-
pants improved their knowledge, but professional behaviour was not
assessed. There is a need for more research to find ways of implementing
the steps effectively. Currently, much of the teaching of the steps involves
interactive educational meetings with small group discussions and 
practice-related questions. There is a close link from here to issues related to
self-evaluation, discussed in the next chapter.

The effects of implementation strategies could be assessed by measuring
either of two types of outcome. Outcomes can be measured at the level of
professional performance, for example by measuring the frequency with
which ultrasound is used to treat carpal tunnel syndrome or physiother-
apists’ compliance with a guideline for the treatment of ankle sprains.
Outcome can also be measured at the level of the patient, for example by
measuring changes in pain, disability or time away from work. Studies
have evaluated effects of implementation interventions on both types 
of outcome.

Several interventions have been evaluated, although most studies
(approximately 90%) are carried out among physicians. The studies have
been carried out in both primary care and hospitals, and the focus has
often been on improvement in one or more aspects of practice behaviour
or compliance with a guideline. However, as we will discuss later in this
chapter, it remains unclear how best to implement and sustain evidence-
based practice, especially among physiotherapists.

The following section provides an overview of systematic reviews of
the effects of interventions aimed at changing professional practice. The
overview is based on two high quality evidence-based reports (Grimshaw
et al 2001, Effective Health Care Bulletin 1999). We have added informa-
tion from systematic reviews that were published subsequently and not
included in these reports. The systematic reviews were identified by 
the EPOC group. We have also identified a doctoral thesis from the
Netherlands that includes an evaluation of an implementation strategy
for low back pain guidelines (Bekkering 2004).

To provide an overview of the findings, we have summarized the
reviews and graded the evidence into four categories. The summary and
categories are shown in Table 8.1. The grades are based on the quality and
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number of the systematic reviews, the quality and number of primary
studies included, and the consistency of the results across primary stud-
ies. You need to bear in mind that these results are mainly based on stud-
ies carried out among physicians in different settings, but this is the only
high quality evaluation of implementation strategies available.

The title of a systematic review of implementation strategies published in
1995 declared there are ‘no magic bullets’ when it comes to translating
research into practice (Oxman et al 1995). This still seems to be the case.
Although no intervention seems to work in all settings, small to moder-
ate improvements can be achieved by many interventions. Overall, it
seems that passive strategies, such as the distribution of educational
materials and lectures alone, do not change practice much. Active inter-
ventions, such as workshops and outreach visits that involve discussion,
reflection and practice seem to be able to make modest to moderate
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1. Systematic reviews show ■ No intervention works in all settings
that:a ■ Passive strategies alone, such as the distribution of educational materials, 

conferences and didactic talks do not improve professional practice or patient 
outcomes (Oxman et al 1995*, Bero et al 1998, Thomson O’Brien et al 2004a)

■ Teaching critical appraisal improves knowledge in health professionals 
(Parkes et al 2004)

2. Systematic reviews point ■ Educational meetings that include interactive teaching and small group 
towards:b discussions might have a moderate effect on professional practice or patient 

outcomes (Davis et al 1995, Thomson O’Brien et al 2004a)
■ Educational outreach visits might have a small to moderate effect on professional 

practice or patient outcomes, at least on short term follow-up (Thomson O’Brien 
et al 2004b)

■ Audit and feedback on performance might have a small to moderate effect on 
professional practice or patient outcomes (Jamtvedt et al 2004).

3. Systematic reviews are not ■ Strategies to implement guidelines improve professional practice or patient 
consistent with regard to outcomes (Grimshaw et al 2004, Thomas et al 2004)
whether:c ■ The use of opinion leaders improves professional practice or patient outcomes 

(Thomson O’Brien et al 2004c)
■ Reminders, electronic or other, improve professional practice or patient outcomes 

(Bero et al 1998, Effective Health Care Bulletin 1999)
■ Multifaceted interventions work better than single interventions (Grimshaw et al 

2004, Jamtvedt et al 2004)
4. There is a lack of systematic ■ The effect of mass media, quality improvement interventions and organizational 

reviews on the following interventions on professional practice or patient outcomes (Foxcroft & Cole 2004, 
topic:d Grilli et al 2004)

■ Effect of incentives (Gosden et al 2004, Guiffrida et al 2004)
■ Effect of teaching critical appraisal in health care settings on professional 

practice or patient outcomes (Parkes et al 2004)

a At least one updated systematic review of high quality which includes at least two high quality studies with consistent results.
b One updated systematic review of high or moderate quality that includes at least one high quality study or two studies of moderate quality
with consistent results.

c Systematic reviews of variable quality with heterogeneous results.
d No systematic review identified that covers this topic, or systematic review identified with no relevant studies included.
* This review needs to be updated; there might be newer relevant studies that could change the conclusion.

Table 8.1 The effects of various implementation strategies

H8820-Ch08.qxd  3/1/05  11:53 AM  Page 212



improvements. There is a need for more implementation research within
physiotherapy and other allied health professions.

As outlined in Chapter 7, clinical guidelines are an increasingly common
resource used to improve physiotherapy practice and health care outcomes.
Guidelines have the potential to improve quality and achieve better prac-
tice by promoting interventions of proven benefit and discouraging ineffec-
tive interventions. But do we know whether they are worth the costs and
resources spent on their development and on implementation strategies?

Although many countries have developed clinical guidelines in physio-
therapy over the last years, very few have evaluated their impact on prac-
tice or health care outcome. Our impression is that physiotherapy bodies
and groups have put a lot of effort and resources into the development
process, but very few have followed this up with systematic implementa-
tion and evaluation processes. In most cases clinical guidelines have been
implemented by passive interventions, such as dissemination by post and
by articles in national physiotherapy publications. Sometimes the guide-
lines have only been available by actively purchasing them from organ-
izations. There are also some examples of more active implementation
strategies. In Australia, the implementation of guidelines for low back pain
was carried out as a ‘road show’ and a lot of marketing and advertising
was put into the process. In the UK, physiotherapists identified as opin-
ion leaders have been involved in the guideline development process.
This has been seen as both a strategy for improving the quality and rele-
vance of the guidelines and a way of giving the guidelines credibility.

There are many reasons why we do not see robust evaluations of 
the effects on practice after guideline development and dissemination 
in physiotherapy, but lack of resources is certainly a common factor.
Another reason might be a belief that passive dissemination of guidelines
and presentation at conferences alone will have an impact on practice
and change behaviour if needed. But we do not know if this approach
works, and we have to admit we have limited knowledge of the effects of
guidelines in physiotherapy. Just as all interventions carried out in physio-
therapy should be evaluated for their effect, there is a need to look in the
same way at implementation strategies. A randomized controlled trial is
needed to see if the implementation strategies have an impact on practice
or patients’ health. (That is also the case when it comes to other quality
improvement strategies.)

As far as we know, only one implementation study including a robust
evaluation design has been carried out in physiotherapy. This study evalu-
ated the implementation of a guideline on low back pain (Bekkering 2004).
The guideline was developed as part of a continuous quality programme
by the Royal Dutch Society of Physiotherapy. The whole project was car-
ried out as a collaboration between physiotherapists and researchers. An
active implementation strategy was developed based on a study that had
identified the perceived barriers to using the guidelines among clini-
cians, and the difference between the guideline recommendations and
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current practice (Bekkering et al 2003). The strategy was built on a theo-
retical model for changing behaviour, together with the findings from
systematic reviews of the effect of implementation strategies. The inter-
vention consisted of two training sessions comprising education, role
play and discussion, addressing the perceived barriers. This strategy was
evaluated in a cluster-randomized controlled trial where the control
group only received the guidelines by mail. Outcome measures were the
process of care or adherence to the guidelines, and patient outcomes. The
study showed that physiotherapists who received the active strategy
adhered more to guideline recommendations than control physiothera-
pists, but the strategy did not result in demonstrable effects on patient
outcome. The physiotherapists in the control group already adhered to the
guideline considerably which may have decreased the contrast between
groups on patient outcome.

In a Cochrane review, Thomas et al (2004) focused on guideline implemen-
tation in professions allied to medicine. The searches were conducted only
up to 1996, so there might be several newer studies published since this
review was conducted. Eighteen studies involving more than 450 profes-
sionals were included. In all but one study the professionals were nurses.
The remaining study was aimed at dieticians. Three of five studies observed
improvement in the process of care and six of eight studies observed
improvement in some outcome of care. The authors conclude that there is
some evidence that guideline-driven care is effective in changing the process
and outcome of care provided by professionals allied to medicine, primarily
among nurses. These results should be viewed with caution because of the
generally poor methodological quality in the studies included in this review.
And we should bear in mind that the findings might not be relevant to other
professions, such as physiotherapy and related therapies.

Grimshaw et al (2004) conducted a systematic review of the effectiveness
and costs of different guideline development, dissemination and imple-
mentation strategies from studies published up to 1998. They identified
235 studies that evaluated guideline dissemination and implementation
among medically qualified health care professionals. No study was car-
ried out in physiotherapy; 39% of the studies were carried out in primary
care. Seventy-three percent of the comparisons evaluated multifaceted
interventions, defined as more than one implementation strategy. Com-
monly evaluated single interventions were reminders, dissemination of
educational materials and audit and feedback. The evidence base for the
guideline recommendations was not clear in 94% of the studies.

An overview of the findings of the review is presented in Tables 8.2 
and 8.3 (Grimshaw et al 2004, Ekeland & Jamtvedt 2004). Overall the
majority of the studies observed improvements in care, but there were
big variations both within and across interventions. The improvements
were small to moderate, with a median improvement in care of 10%
across all studies. One important result, that many will find surprising, 
is that multifaceted interventions did not appear more effective than 
single interventions. Only 29% of the comparisons reported any economic
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data, and the majority of these reported only the cost of treatment. Very
few studies reported costs of guideline development, dissemination or
implementation.

The generalizability of the findings from this review to other behav-
iours, settings or professions is uncertain. Most studies provided no
rationale for their choice of intervention and gave only limited descrip-
tions of the interventions and contextual data (Grimshaw et al 2004). The
authors of the review wrote that there is a need for a robust theoretical
basis for understanding health care provider and organizational behav-
iour, and that future research is needed to develop a better theoretical
base for the evaluation of guideline dissemination and implementation
(Grimshaw et al 2004).
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Effect size* Intervention Based on

Moderate positive Patient-mediated interventions 17 studies

Modest-to-moderate positive Reminders 38 studies

Modest positive Distribution of educational 18 studies
materials

Modest positive Audit and feedback 10 studies

Small-to-modest positive Educational meetings 3 studies

* Size of effect (absolute difference across post-intervention measures) for process outcomes: small �

effect sizes �5%; modest � �5% and �10%; moderate � �10% and �20%; large � �20%.

Table 8.2 Effect of single
interventions on 
implementation of 
guidelines

Effect size* Intervention Based on

Moderate positive Reminders and patient-mediated 6 studies
interventions

Modest-to-moderate Distribution of educational materials, 4 studies
positive educational meetings and educational 

outreach visits

Modest positive Distribution of educational materials and 10 studies
educational meetings

Modest positive Distribution of educational materials 4 studies
and audit and feedback

Small positive Distribution of educational materials, 8 studies
educational meetings and audit and 
feedback

Small positive Distribution of educational materials, 6 studies
educational meetings and organizational 
interventions

No effect Distribution of educational materials and 8 studies
educational outreach visits

* Size of effect (absolute difference across post-intervention measures) for process outcomes: small �

effect sizes �5%; modest � �5% and �10%; moderate � �10% and �20%; large � �20%.

Table 8.3 Effect of 
multifaceted interventions on
implementation of guidelines
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EVIDENCE-BASED PHYSIOTHERAPY IN THE CONTEXT OF CONTINUOUS 
QUALITY IMPROVEMENT

Making evidence-based physiotherapy happen should have benefits for
patients, as they receive more effective care, which should in turn lead to
better health outcomes. However, in the real world, evidence-based physio-
therapy is only one dimension of quality improvement and should not be
implemented in a way that is isolated from an overall organizational qual-
ity improvement system. Whether the ‘organizational system’ is a sole prac-
titioner practice, a 1000-bed hospital, or a community service in a remote
setting, there will always be a range of processes or pathways of care for
patients. For example, a pathway could extend from the point of entry of a
patient into the health care system, to the identification of needs, referral,
tests (single or multiple), treatment by a single or team of practitioners,
social support, identification of a longer-term plan or strategy for ongoing
care or prevention of recurrence … and so on. The pathway crosses depart-
ments and organizations horizontally – it is not hierarchical in nature. The
physiotherapist’s application of evidence-based physiotherapy needs to
be seen in the context of, and must be sensitive to, the whole care pathway.

Good organizations strive to continually improve their processes of
care (continuous quality improvement) and physiotherapists should
engage in this process. As people actually working in a particular setting,
they often know which services function best and what the problems
with services are. They are therefore well placed to make improvements.
A progressive organization will empower staff to identify the potential
for improvement and instigate change. The culture of an organization is
all-important. A good organization will have a culture of striving for
improvement and places high importance on staff learning.

Continual improvement requires leaders who can support and nur-
ture individuals and who believe that individuals want to do better, to
learn and to develop. Donald Berwick, a pioneer of continuous quality
improvement, once famously said ‘Every process is perfectly designed to
achieve exactly the results it delivers,’ which suggests that if a process is
not working it ought to be changed.

The theme of continuous improvement can also be applied at an indi-
vidual practitioner level. As discussed at the beginning of this book, part
of the responsibility attached to being an autonomous practitioner is a
responsibility for keeping up to date and striving for improvement through
learning. Physiotherapists can set up their own continuous improvement
cycles through the measurement of their practice (audit, outcomes evalu-
ation) and by reflective practice and peer review. We will discuss these
more in Chapter 9.
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OVERVIEW

In this chapter we consider how physiotherapists can
evaluate their practice. Evaluation could involve
evaluation of either outcomes or process of practice.
Measurement of outcomes potentially provides some
insights into the effectiveness of practice. However,
clinical measures of outcome need to be interpreted
cautiously because they are potentially misleading.
We argue that clinical measures of outcome are most
useful when there is little strong evidence of the

effects of intervention and when outcomes are
extreme (either very good or very poor). When the
evidence is strong, or when outcomes are less
extreme, it is more useful to evaluate processes.
Evaluation of the process of clinical practice could
involve a formal process audit, peer review of clinical
performance, or reflective practice. Finally, we
consider the audit of the steps of practising evidence-
based physiotherapy, discussed in Chapter 1.

The process of evidence-based physiotherapy begins and ends by ques-
tioning one’s own practice. Having asked a clinical question, sought out
and critically appraised evidence, and implemented evidence-based
practice, it is constructive to reflect on whether the process was carried
out well and produced the best outcome for the patient. We refer to this
as evaluation.

In this chapter we separately consider how to evaluate the outcomes of
evidence-based practice and to audit the process.
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ASSESSING PATIENT OUTCOMES: CLINICAL MEASUREMENT

Historically, outcome measurement was not a feature of routine clinical
practice. Physiotherapists (and, for that matter, most other health pro-
fessionals) did not systematically collect data on patients’ outcomes.
Typically, physiotherapists obtained information about the effectiveness
of their practice incidentally, from their impressions of clinical outcomes
or from patients’ comments about their satisfaction (or dissatisfaction)
with physiotherapy services.

In more recent times there has been pressure on physiotherapists to
become more accountable for their practices. The pressure has come from
makers of health care policies, those who allocate and fund health care (gov-
ernment, insurers, managers), and from within the physiotherapy profes-
sion. One of the driving forces has been the perception that physiotherapists
must justify what they do. It is thought that by providing evidence of good
clinical outcomes physiotherapists can demonstrate that what they do is
worthwhile.

In the last two decades the physiotherapy profession has taken up the
call for more and better clinical measurement. An early landmark was the
publication, in 1985, of Measurement in Physical Therapy (Rothstein 1985).
More recently, there has been a proliferation of textbooks, journal fea-
tures and web sites documenting clinical outcome measures and their
measurement properties (Wade 1992, Koke et al 1999, Maher et al 2000,
Finch et al 2002; see also the excellent web site and on-line database 
produced by the Chartered Society of Physiotherapy at http://www.csp.
org.uk/effectivepractice/outcomemeasures.cfm and the regular feature
entitled Meten in de Practijk in the Nederlands Tijdschrift voor Fysiotherapie).
In some countries at least, a large proportion of physiotherapists rou-
tinely document clinical outcomes using validated tools. In New South
Wales, Australia, the public provider of rehabilitation services for work-
related injuries pays an additional fee to practitioners who adequately
document measures of clinical outcomes.

The evolution of a culture in which physiotherapists routinely meas-
ure clinical outcomes with validated tools may well have produced an
increase in the effectiveness of physiotherapy practice, because system-
atic collection of outcome data focuses both patients and therapists on
outcomes. To our knowledge, however, there have been no randomized
trials of the effects of routine measures of outcomes on outcomes of care.

Perhaps it is unfortunate that the physiotherapy profession has
responded to the perception that physiotherapists must justify what they
do by routinely measuring clinical outcomes. The implication is that
measures of outcome can provide justification for intervention. Arguably
that is not the case.

Outcome measures measure outcomes. They do not measure the effects
of intervention. Outcomes of interventions and effects of interventions
are very different things.

In Chapter 3 we saw that clinical outcomes are influenced by many fac-
tors other than intervention, including the natural course of the condition,

HOW CAN WE
INTERPRET

MEASUREMENTS OF
OUTCOME?
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statistical regression, placebo effects, polite patient effects, and so on. The
implication is that a good outcome does not necessarily indicate that
intervention was effective (because a good outcome may have occurred
even without intervention). And a poor outcome does not necessarily
indicate that intervention was ineffective (because the outcome may have
been worse still without intervention). Consequently, we look to ran-
domized trials to find out about the effects of intervention. This implies a
belief that clinical outcome measures should not be relied upon to pro-
vide dependable information about the effectiveness of interventions. It
is illogical, on the one hand, to look to randomized controlled trials for
evidence of effects of interventions, while on the other hand to seek justi-
fication for the effectiveness of clinical practice with uncontrolled meas-
urement of clinical outcomes.

Taken further, this line of reasoning suggests that, at least in some cir-
cumstances, measures of a patient’s clinical outcome should have no role
in influencing decisions about treatment for that patient. According to
this view, randomized trials provide better information about the effects
of intervention than measures of clinical outcomes. So decisions about
intervention for a particular patient should be based entirely on the find-
ings of randomized trials, without regard to the apparent effects of treat-
ment suggested by measures of clinical outcome on that patient. For
example, if a randomized trial suggests that, on average, an intervention
produces effects that a patient considers would be worthwhile, the impli-
cation is that intervention should continue to be offered even if the patient’s
outcomes are poor. The reasoning goes that the best we can know of the
effects of a treatment (from randomized trials) tells us that this interven-
tion typically produces clinically worthwhile effects. The patient may be
one of the unlucky patients who does not benefit from (or is harmed by)
this intervention, or it may be that the patient’s poor outcomes might
have been worse still without the intervention. We cannot discriminate
between these scenarios so we act on the basis of what we think is most
likely to be true: on average the intervention is helpful. Consequently we
continue to provide the intervention, even though the outcome of inter-
vention is poor.

This view is completely antithetical to the empirical approach to clini-
cal practice exemplified by some authors (notably Maitland et al 2001). In
the fully empirical approach, intervention is always followed by assess-
ment. If outcomes improve, the intervention may be continued until the
problem is completely resolved. If outcomes do not improve or worsen,
the intervention is modified or discontinued. This approach appears to
be reasonable, but it involves making clinical decisions on the basis of
information that is very difficult to interpret. The empirical approach, in
which clinical decisions are based on careful measurement of outcomes,
is not evidence-based physiotherapy. If we base clinical decisions about
intervention exclusively on high quality clinical research, measures of
clinical outcome can have little role in clinical decision-making or in jus-
tifying clinical practice. Interventions can be recommended without con-
sideration of their outcomes.

Is there any role for clinical outcome measures in clinical decision-
making? We think that, when there is evidence of effects of intervention
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from high quality clinical trials, a sensible approach to clinical decision-
making lies somewhere between the two extremes of the fully empirical
approach and a hard-line approach in which clinical decision-making is
based only on high quality clinical research without regard to outcome.1

As a consequence, extreme clinical observations (very good or very poor
outcomes) are likely to be ‘real’ (bias is unlikely to have qualitatively
altered the clinical picture). On the other hand, the qualitative interpret-
ation of typical observations (small improvements in outcome) could
plausibly be altered by bias.

In other words, this approach suggests that clinical decision-making
should be influenced by observations of very good and very poor
outcomes, but should not be influenced by less extreme observations.

What does this mean in practice? It means, first of all, that there is
value in careful measurement of clinical outcomes, because extreme clini-
cal outcomes influence clinical decision-making. It also means that the
degree of regard we pay to measures of clinical outcomes depends on
how extreme the outcomes are. When outcomes are very poor we should
discontinue the intervention, even if the best clinical trials tell us that the
intervention is, on average, effective: a very poor outcome is unlikely to
be explicable only by confounding effects such as the natural course of
the condition, statistical regression, polite patients and so on – it probably
also reflects that this person truly responded poorly to the intervention.
On the other hand, less extreme poor outcomes might reasonably be
ignored, and an intervention might be persisted with, regardless of mod-
erately poor outcome, if the best clinical trials provide strong evidence
that the intervention produces, on average, a clinically worthwhile
effect.2 In all circumstances, clinical decision-making should be informed
by patients’ preferences and values.

Clinical outcome measures become more important when there is little
or no evidence from high quality randomized trials. In that case, the
alternatives are either not to intervene at all, or to intervene in the
absence of high quality evidence and use (potentially misleading) clinical
outcome measures to guide decisions about intervention. In contrast,
when randomized trials provide clear evidence of the effects of an inter-
vention from high quality clinical trials, clinical outcome measures
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1The essence of this approach is that it recognizes that person-to-person variability 
in response to an intervention is likely to be far greater than the bias in inferences 
about effects of interventions based on measures of clinical outcomes. The degree of
person-to-person variability can be estimated in cross-over trials which use outcomes
measured with little or no error. In that case the width of the 95% prediction interval
describing the person-to-person variability in response to intervention is � n � the
95% confidence interval for the mean effect of treatment. Try this out! You will find that
person-to-person variability in response to an intervention is almost always enormous.
2 This theoretical position may be very difficult to maintain in practice. It could be hard
to continue a treatment that you expect is effective if clinical observations suggest it is
not. And, conversely, it could be hard to resist provision of a treatment when outcomes
associated with the treatment are good.
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become relatively unimportant and measures of the process of care
become more useful.

When evidence of effects of interventions is strong, we should use
process audit to evaluate practice. When there is little or no evidence
(i.e. when practice cannot be evidence-based) we should use measures
of clinical outcomes to evaluate practice.

The preceding discussion assumes that it is not possible rigorously 
to establish the effects of therapy on a single patient. But, as we saw in
Chapter 4, there is one exception: single case experimental designs (n-of-1
studies) can establish, with a high degree of rigour, the effects of inter-
vention on a single patient. Unfortunately, n-of-1 trials are difficult to
conduct as part of routine clinical practice and are, at any rate, suited
only to certain conditions (Chapter 4). A more practical approach is to use
less rigorous designs, such as the so-called ABA’ design. In ABA’ designs,
the patient’s condition is monitored prior to intervention (period A), 
during intervention (period B) and following intervention (period A’).
The magnitude of the improvement seen in the transition from period 
A to period B and the magnitude of the decline seen in the transition 
from period B to period A’ provide an indication of the effect of interven-
tion on that patient, although this approach should be considered less
rigorous than properly designed n-of-1 trials. Smith et al (2004) provide a
nice example of how the ABA’ approach can be used in practice, in this
case to test the effects of low-Dye taping on plantar fasciitis pain.

Before completing the discussion of the role of clinical measurement,
we note that there is another role for measurement of outcomes, other
than its limited role in telling us about the effects of intervention. Routine
standardized outcome measurements potentially provide us with other
useful data. They can be used to generate practice-specific estimates of
prognosis. For example, a physiotherapist who routinely assesses the pres-
ence or absence of shoulder pain in stroke patients at discharge following
an upper limb rehabilitation programme can use those data to generate
practice-specific prognoses about the risk of developing shoulder pain by
the time of discharge. It is important to recognize that these data have
useful prognostic value, but they do not provide good evidence of the
effectiveness or otherwise of intervention.

We have argued that clinical outcome measures have two roles. First,
they provide limited information about the effects of an intervention on a
particular patient; such measures are most useful when there is little or
no evidence of the effects of intervention and when extreme outcomes are
observed. Second, if standardized outcome data are routinely collected,
they potentially provide practice-specific prognostic data. Where physio-
therapists measure clinical outcomes for these purposes they ought to
use appropriate measurement tools. That is, they should choose tools
that are reliable (precise) and valid. We will not consider how to ascertain
whether a clinical measurement tool has these properties, as that is the
topic of other more authoritative texts (Rothstein 1985, Feinstein 1987,
Streiner & Norman 2003).
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Clinical audit has been defined as a ‘quality improvement process that
seeks to improve patient care and outcomes through systematic review of
care against explicit criteria and the implementation of change’ (National
Institute for Clinical Excellence 2002). Put simply, audit is a method of
comparing what is actually happening in clinical practice against agreed
standards or guidelines. Audit criteria should be based on high quality
clinical research. As we saw earlier in this chapter, when evidence of the
effects of an intervention is strong, audit of process is a more appropriate
way to evaluate practice than the use of measures of clinical outcome.

Clinical audit is a cyclical process. The key components of the process are:

• The setting of explicit standards or criteria for practice
• Measurement of actual performance against the pre-determined criteria
• Review of performance, based on the measurements
• Agreement about what practice improvements are needed (if any)
• Action taken to implement agreed improvements
• Measurement of actual performance repeated to confirm improvement

(or not)
• Continuation of the cycle.

We present an ‘evidence based’ audit cycle in Figure 9.1, which includes
all the components discussed above. Additionally, it includes a require-
ment that the standards or criteria (the foundation of the audit process)
have been developed from evidence derived from high quality clinical
research, following the steps described in this book. This means that, if
there is adherence with the standards and criteria, practice will be based
on an evidence-based process of care.

Audit can also be used to assess whether the recommendations of a
high quality clinical guideline are being adhered to. Here, the guideline
recommendations provide the basis for criteria against which to measure
clinical practice. One example, described in Chapter 8, is a project that
assessed compliance with guidelines for low back pain in The Netherlands
(Bekkering et al 2003).

Audit of practice can be carried out by the individual practitioner (self-
audit), but is better undertaken by someone else so the data is collected
systematically, objectively and without bias. Usually, the source of the
data is the patient or physiotherapy record. The auditor (or data collector)
examines a sample of records to see if practice, as recorded, met the 
evidence-based standards or criteria. The data is then used to review prac-
tice, and there is consideration of the extent to which practice adhered to
the criteria. If there was a discrepancy between the criteria and practice,
there is consideration of why this occurred. An action plan, or recommen-
dations, can then be drawn up and implemented, after which another
data collection exercise can be carried out to see if adherence is greater.

More commonly, audit of a service is carried out as part of an organiza-
tion’s quality assurance systems. This can provide valuable feedback to
individual physiotherapists about their use of evidence in practice. The
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greatest impact for patients will occur in organizations where there is a
culture of continuous improvement and willingness to change. Still, there
is a need to evaluate the impact of quality improvement activities on
process and patient outcomes, and there is an ongoing debate on how to
run these projects (Øvretveit & Gustafson 2003).

Another form of audit is peer review, which is assessment of clinical per-
formance undertaken by another physiotherapist (a peer). It provides an
opportunity for an individual’s practice to be evaluated by someone with
similar experience, ideally by a trusted colleague whom the individual
has selected. The review process should be approached by both parties
with commitment and integrity, as well as trust (Chartered Society of
Physiotherapy 2000). The process can be a learning opportunity for both
parties and can be used in particular to enhance skills in clinical reason-
ing, professional judgement and reflective skills, all of which are difficult
to evaluate in more objective ways. It is normally carried out by the peer
selecting a random set of patient notes or physiotherapy records. The 
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audit cycle.

Peer review

H8820-Ch09.qxd  3/1/05  11:53 AM  Page 225



peer reviews the notes, and the physiotherapist being reviewed may 
re-familiarize himself or herself with the records. This is followed by a dis-
cussion that focuses on the physiotherapist’s clinical reasoning skills. The
discussion may consider assessment and diagnosis, decisions about inter-
vention, and evaluation of each stage of the episode of care (Chartered
Society of Physiotherapy 2000). The use of evidence to support decision-
making can also be reviewed. Following discussion, the peer has the
responsibility for highlighting areas for further training, learning or develop-
ment for the individual. A timed action plan should be agreed upon.

Reflective practice is a professional activity in which practitioners think
critically about practice. As a result, they may modify their actions, behav-
iours or learning needs. Reflective practice involves reviewing episodes
of practice to describe, analyse and evaluate activity. It enables learning
at a subconscious level to be brought to a level where it can be articulated
and shared with others. The opportunity to re-think practices becomes a
tool for professional learning and contributes to an individual’s practice
knowledge and clinical expertise (Gamble et al 2001).

We hope this book will encourage you to practise evidence-based physio-
therapy so that you become not only a reader of research but also a user
of high quality clinical research. As we have seen, evidence-based physio-
therapy involves formulating questions, searching for evidence, critical
appraisal, implementation and evaluation.

One way of evaluating your performance is to reflect on questions
related to each step of the process of evidence-based practice. This part of
the chapter will describe the domains in which you might want to evalu-
ate your performance. A summary is found in Box 9.1. Sackett and 
colleagues (2000) provide further reading on this issue.

To become a user of research you first have to acknowledge your infor-
mation needs and reflect on your practice. This implies a process that might
start with raising awareness and discussing different sources of informa-
tion, and ends up by framing questions and finding and applying evi-
dence. Do you think there is a need for high quality clinical research to
inform physiotherapy practice? Do you challenge your colleagues by ask-
ing what they base their practice on?

You can also evaluate your performance by asking questions. One way
of doing this is by recording the questions you ask and checking whether
the questions were answerable and translated into a search for literature.
Do you classify your question as a question of therapy, prognosis, diagno-
sis or experiences (Chapter 2)? In our experience, when physiotherapists
have learned that there are different types of questions, asking and search-
ing become much easier. When you become more skilled in formulating
questions, you might also start asking your colleagues questions and pro-
moting an ‘asking environment’ in your workplace.

To be able to carry out searches for evidence you need to have access
to an information infrastructure. A first step might be to get access to the
internet so you can search PEDro, PubMed and, in some countries, the
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Cochrane Library (Chapter 4). Refine your search strategies, for example
by routinely looking first for systematic reviews. You might need to
improve your searching performance by asking a librarian. Librarians are
useful people and very important collaborators for evidence-based practice.
Perhaps you need to undertake a course to update your literature search-
ing skills, or ask a librarian to repeat a search that you have already done,
and compare that with yours.

Next, consider how you read papers. Do you start by assessing the valid-
ity of the study (Chapter 5), or do you only read the conclusion? Reading
and discussing a paper together with peers is useful, and can be fun, and
you can learn a lot. Do you have a journal club at your workplace?
Different checklists are available as useful tools for appraisal. Do you
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Reflection on practice/raising awareness
• Do I ask myself why I do the things I do at work?
• Do I discuss with colleagues the basis for our clinical decisions?

Asking questions
• Do I ask clinical questions?
• Do I ask well-formulated questions?
• Do I classify questions into different types (effect of interventions,

prognosis, aetiology, etc.)?
• Do I encourage my colleagues to ask questions?

Searching for evidence
• Do I search for evidence?
• Do I know the best sources for different types of questions?
• Do I have access to the internet?
• Am I becoming more efficient in my searching?
• Do I start by searching for systematic reviews?

Critical appraisal
• Do I read papers at all?
• Do I use critical appraisal guides or checklists for different designs?
• Have I improved my interpretation of effect estimates (e.g. numbered

needed to treat)
• Do I promote the reading of research articles at my workplace?

Implementing high quality clinical research
• Do I use high quality research to inform or change my practice?
• Do I use this approach to help resolve disagreement with colleagues

about the management of a problem?

Self-evaluation
• Have I audited my evidence-based practice-performance?

Box 9.1 Evaluating performance of the process of evidence-based
physiotherapy
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know where to find checklists for different kinds of studies? By reading
more studies (and this book) you will become more skilled in interpret-
ing measures of effect (Chapter 6). Do you feel more confident in reading
and applying the results that are presented in research papers?

The most important question of all is perhaps this one: ‘Do I use the
findings from high quality research to improve my practice?’ If you go
through the steps without applying relevant high quality research to
practice then you may have wasted time and resources. If this has 
happened, consider what barriers prevented you from using research in
practice (Chapter 8). As outlined in Chapter 1, research alone does not
make decisions so there can be many legitimate reasons for not practising
as the evidence suggests you should. Informed health care decisions are
made by integrating research, patient preferences and practice knowl-
edge, so that practice is informed by high quality clinical research but
adapted to a specific setting or individual patient. This can regarded as
the optimal outcome of evidence-based practice.

CONCLUDING COMMENT

Evaluation satisfies more than a technical requirement for quantifying
the quality and effects of care. It also provides an opportunity for reflect-
ing on practice. With routine self-reflection, physiotherapists should be
better able to combine evidence from high quality research with patient
preferences and practice knowledge, so they should be better practition-
ers of evidence-based physiotherapy.
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