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Preface

Sport is big business, high profile entertainment with increasing
demands on sports physicians. But, is sports medicine science or
showbusiness? Colleagues and patients alike have begun to ask
questions about clinical practice; why, how, and where is the
evidence? Mainstream medicine has moved to an evidence-based
approach for problem solving and treating patients. It is time for a
similar approach in sports medicine. So, as editors of two major
clinical sport medicine publications, we identified what we
considered to be some of the fundamental clinical questions and
searched for the brightest research oriented clinicians in each field.

The response was immediate and the book simply took off. Clearly
we had hit on a concept that caught the imagination of colleagues
from near and far. We drew up a panel of authors from different
backgrounds, different sports, and different professional groups. Their
enthusiasm was overwhelming and the chapters flooded in, together
with ideas, suggestions, advice, and encouragement. But most of all it
was the hard work and commitment of our authors that made this
book possible. 

This is more than a simple textbook. The response from authors and
reviewers suggests, to us, that this book represents a milestone in the
development of our speciality. We do not claim to have created that
change. The world of sports medicine had already begun to change
and our intent with this book was to fuel that change. Clinicians and
patients are no longer prepared to accept guidelines on care simply
because that is the way it was always done or because of the
recommendations of some erstwhile guru. The new generation of
sports physicians will change the face of sports medicine simply by
asking for research evidence. 

Research underpins the answer to every chapter heading.
Sometimes the research is of high quality and drawn from
randomised controlled trials. In other cases, the evidence is weaker
and the authors have candidly pointed this out. In keeping with the
principles of problem oriented medical care, we introduce scenarios to
demonstrate where the evidence can be applied and, following
current educational principles, include multiple choice and short
essay questions to enable readers to test their own knowledge. 

A summary table of evidence has been included where possible,
highlighting the level of support for each clinical question. Although
it should not necessarily change our practices overnight, it will
hopefully challenge all of us to be life long students and learners.
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This is a book for a new generation. It was written, collated, edited
and completed almost entirely using electronic media, with authors,
editors, and the technical and marketing team working remotely.
Additionally the book website can be found at http://www.
evidbasedsportsmedicine.com and the site contains sample chapters
and will have regular chapter updates.

Above all, the book represents teamwork. Our authors were
magnificent. Their enthusiasm, energy, and commitment to a critical
appraisal of the literature made our jobs seemingly easy. Ideas
changed as the text developed and we asked our authors to modify
their chapters on more than one occasion. Some of the chapters first
appeared in the British Journal of Sports Medicine and we would like to
thank the journal for their support throughout. Our publishers were
wonderful and it was a pleasure to work with Christina Karaviotis who
coordinated the publication and the technical editing team of Kay
Coulson and Holly Regan-Jones. The idea germinated from a casual
conversation with Mary Banks of BMJ Books and it was she who
nurtured it and ensured its growth from concept to reality.

This book was fun. From the outset it was clearly a project that
everyone enjoyed. It was exciting, thought provoking and at times
challenging for us as clinicians ourselves confronted with the timely
question, what is the evidence for how we treat this condition? We
hope that you share some of our enjoyment and find this work useful
in every day practice. For us, it will have achieved its purpose if the
next time you see a patient or give a lecture to residents and students
you too will ask, what is the evidence (or lack of) behind what we do?
We are confident that it will have a place, dog eared and tired from
daily use on the corner of your desk and not be found staring down
pristinely from the lofty heights of a dusty bookshelf. We welcome
your comments and suggestions.

Domhnall MacAuley
Thomas M Best
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Section 1
An introduction to
evidence-based medicine
in sport





1: Evidence-based medicine
critical appraisal, what to
look for in an article
DOMHNALL MACAULEY AND THOMAS M BEST

Introduction

Evidence-based sports medicine – a contradiction in terms? Much of
sports medicine practice has developed empirically and clinicians
have had little time to appraise the evidence base. There is increasing
emphasis on the importance of searching out evidence to support
clinical practice in other medical disciplines but only recently has this
become an integral part of sport and exercise medicine. As our
discipline develops it has become more important to provide quality
evidence to support treatment plans, guidelines, and preventive
strategies and measure ourselves against the standard criteria of any
other discipline. Developing an evidence-based approach is a key
component of our evolution as a separate clinical discipline. As sports
medicine seeks formal specialist accreditation there will be increasing
professional and public interest in quality of research and practice. 

A search of computer databases may give some pointers to the
quality of sport and exercise medicine research literature. Simple
Medline searches using the key words “injury AND metanalysis” or
“sport AND systematic review”, for example, reveal a modest number
of links. Relative to other medical fields, the results of this crude
search highlight the large gap in the volume and quality of research.
We may seek a further proxy indication of the quality of research by
examining the types of studies published in the literature of the
discipline. There is a wide range of study methods in the medical
literature, from the double blind placebo controlled trial to single
patient case studies, but the randomised controlled trial is considered
to be the highest quality research methodology in the hierarchy of
research evidence. 

Thompson1 reviewed the contents of the British Journal of Sports
Medicine in the five year period from 1991 to 1995 and found few
randomised controlled trials (3%). He also noted that many of the
original articles were observational or descriptive studies (41%). In a
recent study2 of papers published in the British Journal of Sports
Medicine, Medicine Science Sport and Exercise, the Journal of Sports
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Medicine and Physical Fitness, and Physical Therapy, randomised
controlled trials comprised around 10% of all original research
articles. Cohort, case control and single case study designs comprised
nearly 46% of published work across all four journals, with
observational descriptive and case studies making up the remaining
43%. This compares with published methods used in other
disciplines. 

More than 50% of studies published in a five year period in three
UK primary care journals, the British Journal of General Practice (BJGP),
Family Practice and the British Medical Journal (BMJ) were either
qualitative studies or surveys of attitude and opinion.3 A greater
proportion of randomised controlled trials were published in the
BMJ (16%), although only 6% of studies overall were randomised
controlled trials. The proportion of randomised controlled trials
published in US family medicine4 is also relatively small at 3·4%.
Other disciplines show a similar pattern. In a review of nine general
surgical journals, 46% were case series with only 7% randomised
controlled trials.5 In six community health journals, 4% were
randomised controlled trials and the authors suggested that 42%
percent of the other trials could have used a randomised study
design.6 In a study of seven leading rheumatological journals 16%
were classified as randomised controlled trials.7

Clinical medical care should, ideally, be based on robust evidence.
This is not always possible but every attempt should be made to use
the highest quality evidence available. The strongest evidence
supporting clinical intervention is through a meta-analysis or
systematic review of randomised controlled trials. But, in many cases,
this evidence is not available in a form appropriate to every case and
clinicians must decide for themselves based on the best available
evidence. Researchers can provide evidence, but the challenge, for
most clinicians, is in interpreting this evidence. We should all,
therefore, have some knowledge of the skills required to read critically
and evaluate the evidence presented in a paper. This chapter looks at
the principles of evidence-based medicine and how to appraise the
sports medicine literature. 

Sifting and appraising the literature

We cannot read everything so we must triage the literature by its
relevance to our clinical practice, educational value, and how effectively
it can be applied in practice. The READER acronym8 is a useful model
for literature assessment and is one of the few methods that have been
formally validated.9 It offers a foundation upon which we may build
our critical evaluation skills but the final interpretation of research

Evidence-based Sports Medicine

4



evidence is your personal responsibility. There is a hierarchy of
research methods which determines the quality of a study and the
importance that should be attributed to evidence distilled from it.
Studies published in sport and exercise medicine are usually found
along the spectrum of case reports, case series, cross sectional studies,
case control, cohort or randomised controlled trials with little
published qualitative work. While the randomised controlled trial is
the best method for evaluating treatments and interventions, not all
interventions can be assessed using this method. It is the method of
choice if appropriate and the strongest evidence comes from
systematic reviews or meta-analysis of randomised controlled trials.
The Cochrane centres now collate registers of randomised controlled
trials,10 some of which are relevant, if not directly taken from sport
and exercise medicine. The Quorum guidelines11 can help authors
bring together the results in a systematic review of randomised
controlled trials.

The hierarchy of research methods

A single case report should, in general, have little impact on our
practice behaviour. It introduces an idea which may merit further
study, but alone, it should carry little weight in our management
strategy. If we come across a number of individual case reports or a
case series this may raise our awareness further but case reports are
simply a way of introducing an idea, and are not sufficiently robust
evidence to change practice. 

A cross sectional study is a snapshot. It describes a particular group
of people, athletes or patients at a particular time. If the study has
been designed well and the features to be examined are well defined
and recorded accurately then it is possible to compare associations
across groups. These associations must be interpreted carefully,
however, as an association may be spurious and does not necessarily
imply causation.

The case control study is the next step in quality. This method
should allow us to compare two groups, similar in every way but for
the feature to be studied. In sport and exercise medicine, this may be
an injury or particular physiological feature and identifying two
comparable groups, where this is the only differentiating feature, can
be difficult. As cases are compared to controls at only one point in
time we can only identify the odds that the condition or feature will
be present at that time. Clearly the odds of a condition being present
are not the same as the risk of a feature developing in a completely
unrelated population. In a very large sample the odds approximate
the risk. In reading research studies the odds ratio is given in case
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control studies analogous to the risk ratio in cohort studies. The
difference is subtle but important. The advantage of the case control
study is that it is relatively cheap to undertake and the results are
available relatively quickly.

If we wish to identify the risk of an injury or condition, we must
look at a sample or population prospectively and identify those in which
a particular condition develops. Risk can only, therefore, be identified in
a prospective or cohort study. By identifying the population before
the event, it is less likely that we will introduce bias. The disadvantage
of this method is that it takes time, the study population must be
closely observed and, inevitably, it costs considerably more than a
case control study. 

The highest quality method is usually the randomised controlled
trial. Using this method there is a much better chance of minimising
confounding factors that could influence the results. This method can
sometimes be difficult to apply in sports medicine research: athletes
seeking treatment may not be prepared to join a control group if they
feel it could possibly delay their recovery. It is also difficult to blind
subjects to many interventions. It still remains the method of choice
where it may be used. The CONSORT12 guidelines are an accepted
method of reporting a randomised controlled trial and should be found
in any research reporting such a trial.

Reading the paper

The standard format for a research paper is that of the introduction,
methods, results and discussion, often described using the acronym
IMRAD and most journals use some variation on this basic formula.
The British Journal of Sports Medicine and the Clinical Journal of Sport
Medicine both use a structured abstract while other journals such as
Medicine and Science in Sports and Exercise continue to use a narrative
abstract. The abstract contains the key information and the structured
abstract has the advantage of ensuring that most of the important
information required for interpretation is available to the reader. 

Introduction

The first component of any research paper is the introduction.
This sets the scene for the study. It allows the reader to understand
the general context and the relevant research in the field. The
introduction is, of course, the authors’ interpretation of the background
but the introduction should describe relevant work leading to this
particular study and set it in the appropriate context. 

Evidence-based Sports Medicine
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Methods

For those appraising the quality of research, this is the most
important component of any study. Sackett13 believes there is no
alternative for clinical readers, even if only reading in browsing or
surveillance mode. Many readers gloss over the methods, focusing on
the discussion and conclusions. The authors should outline exactly
how the work was done in sufficient detail that a reader could
replicate the work if they so wished. 

One should be able to identify a number of key components of any
study as a measure of quality. In studies which are intended to be
representative of a particular group, the key word is sampling. Many
sport medicine studies are descriptive studies of a particular group.
Often it is a sample of athletes in a particular team or sport who have
been selected or selected themselves because of an attribute or talent.
Clearly this sample will not be representative of the entire population.
In cross sectional studies, it is also critically important that sampling be
representative. The key to avoiding bias in sampling is randomisation.
The sample frame, or the entire population from which the sample is
drawn, should be explicit and the method of sampling appropriate,
using standard mathematical methods, random number tables or
computer generated random numbers. Sporting populations are by
definition, different from the rest of the population through their
interest and participation in sport. 

If we draw a sample from a particular sporting group, then we may
only generalise the finding of that study to groups of people who have
similar patterns of behaviour. A sample of top athletes, for example, is
probably not representative of the general population in smoking,
alcohol and dietary habits. A study of patients attending a sports
injury clinic will only be representative of that group of patients.
This may be distorted by demographic or geographical factors so that,
for example, the pattern of injuries presenting to an urban sports
injury clinic will be different to that in a district general hospital.
Researchers must always be aware of potential bias, and readers
should always look out for bias affecting results. Papers describing a
case or case series are, by definition, a selected sample, but bias can
easily occur in populations studies too.

Case control studies are common and convenient in sport medicine
research. The criteria used to select both the cases and the control
must be explicit. Cases and controls should be matched as closely as
possible so that, ideally, the only feature separating them is the feature
to be studied. An injury study that compares a population of athletes
with a population, similar in age and sex, but who are sedentary or
attending hospital for a different condition, can draw few conclusions
about the factors causing injury. There are many other potential
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sources of bias in the case control study. One of the most prevalent is
recall bias, where those who suffer a particular injury or illness are
more likely to recall events around that time and make inappropriate
associations.

The randomised controlled trial is an attempt to avoid as many of
these sources of bias as possible. The sample is selected before an
intervention and allocated to an intervention or control group using
random methods. The participants should therefore, if the sample is
big enough, be comparable in every way, with the sole difference
being that the intervention is applied to only one group. The results
should therefore represent the effect of the intervention alone.
Confounding factors can often influence the results and an alert
reader may identify fundamental flaws. A single blind study is where
the investigator knows if an individual participant is in the
intervention or control group, but the participant does not know. If
neither the investigator nor the participant know if they are in the
intervention or control group, this is a double blind study. It should
be quite clear which method is used and if blinding is achieved. In
many treatment studies, however, it is impossible to blind the
investigator or even the participant. 

The measuring instrument should be validated. If we measure
height using a ruler we insist that the ruler be calibrated and
validated. Similarly every blood test, physiological parameter, or
questionnaire should be validated. The two key features of any
measuring instrument are accuracy and repeatability. Accuracy means
that it actually measures what it sets out to measure, and repeatability
means that it records the same result every time the measurement
is made. 

Accuracy has two additional components: sensitivity and
specificity. Sensitivity is the ability to pick out everyone with a
particular characteristic and miss nobody. A very sensitive test will miss
no one with a particular characteristic but may, inadvertently, select
some who do not possess it. These are known as false positives. If we
have a very specific test, we will only pick out those with a particular
characteristic and we can be sure that all those selected will definitely
have that characteristic. In a highly selective test, however, some with
the characteristic may be missed. These are known as false negatives.
No test can be 100% sensitive nor 100% specific in a biological
context and we are looking for the ideal balance. The sensitivity and
specificity of any test should be established before it is used in a
research context and should be available in the method.

Few researchers realise repeatability or reproducibility are important
when using questionnaires and that their stability, their repeatability,

Evidence-based Sports Medicine
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and their accuracy should be measured. The questionnaire should be
piloted and in most cases the pilot repeated to assess the repeatability.
Many questionnaire studies are of little value because we cannot be
certain that the measuring instrument is valid. 

Results

One of the critical features of any study is the response rate. If the
response is inadequate we cannot be sure that the results are
representative. Even if the response is 100% the results may still not
accurately reflect the general population, as a study is usually carried
out on just a small sample population. Any response less than 100%
reduces even further the likelihood that a result is representative.
Those who do not respond (or, indeed, those who respond) may have
had a reason that may introduce bias. 

Questionnaire studies always aim for a response rate of at least 70%
and many quality journals will not even consider publishing a study
where the response rate is below 50%. Similarly, all participants in any
intervention study should be accounted for. Those who drop out, do
not complete a study, or default on follow up, may do so for a reason
that is relevant to the study outcomes. The results should be analysed
on an intention to treat basis.

Discussion

The discussion should show how a piece of work has contributed to
the research field; if the aims of the study have been met. It should
also discuss if the objectives have been met. It is also important to
ensure that the discussion is in keeping with the study findings.
Enthusiastic authors may occasionally read more into their findings
than can be safely deduced from the actual results of the study.
Mistakes can sometimes happen and authors may misinterpret the
findings or draw conclusions that may not be entirely justified. The
authors should interpret the results in the context of previous
research work and the current literature. 

One of the most important points to be addressed in the discussion
is difference between statistical and clinical significance. A well
carried out study, that is statistically significant, may be unimportant
if the findings will have little impact on clinical care. The evidence
may be valid but of little importance. Remember, however, that few
studies are perfect and one should not be too critical of any study.

Critical appraisal
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Key messages

Clinical care should be based on the best avaliable evidence
A meta-analysis or systematic review is the best source of evidence on an
intervention
All clinicians should be able to critically appraise evidence
The method of a study is critical to the interpretation of the results
Beware, a study may be biased in the method or in the interpretation. 

Sample examination questions

Multiple choice questions (answers on p 561)

1

A A one team, one season study, has important relevance to clinical
care 

B The randomised controlled trial is the best available method of
testing an intervention

C The case control trial is relatively cheap and easy to undertake 
D A questionnaire does not require validation
E Sample size need not be estimated before starting a study 

2

A One only needs to consider those who respond to a study 
B If the response is 70% the results are always representative 
C The method is the least important part of a study 
D Statistics are only important in laboratory research 
E All biological tests are 100% sensitive and 100% specific 

3

A A questionnaire should have a pilot study 
B All research in a peer reviewed journal is of equal quality 
C The strongest evidence is from a meta-analysis or systematic

review
D Those who drop out of an intervention study should not be

considered 
E A statistically significant result is always clinically significant 

1 Describe the steps necessary to validate a questionnaire.
2 Why is a randomised controlled trial the best test of an intervention?
3 Describe some sources of bias that can occur in an observation

study.

Evidence-based Sports Medicine
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2: Methodology in research
LISA HODGSON PHILLIPS

Introduction

This chapter aims to give a “medical” viewpoint on sports injury
data collection and analysis; to emphasise the importance of
epidemiological sports data collection with regards to incidence rates
and exposure risk hours and highlight the need for uniform
definitions within and across sport. Designed not as a statistical or
epidemiological chapter but as a resource to be used by those involved
in sports injury research so that they may confidently and critically
analyse and compare existing research and to enable them to collect
accurate sports injury data in their own field.

Currently in sports epidemiology there is a reliance on case reports
of injuries which can give an inaccurate picture of injury patterns in
sport, yet this is still common practice. It is always problematic to
compare injury statistics across sports due to the added factors of the
number of people involved, the time played and the variable injury
definition. Increasingly sports injury data is reported as incidence
rates, for example injuries per 1 000 hours played, i.e. using numerator
and denominator data as this methodology takes account of the
exposure time at risk.1

Sports injuries can be unique because they occur when athletes are
exposed to their given sport and they occur under specific conditions,
at a known time and place. Some of these conditions can be
controlled, for example what equipment the athlete uses or wears,
other conditions cannot, for example the weather in an outdoor game.

When examining sports injury data there are certain questions
common to all sports that require answers. The knowledge gained
from asking and ultimately answering these questions may help to
predict and thus prevent injuries occurring.

Box 2.1 Typical questions asked when examining
sports injury data

• Is there a greater risk in one certain sport?
• Is there a common site and type of injury in a given sport? 
• Who is at most risk in a team sport?
• What is the participation time missed due to that specific injury?
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Loss of participation time should relate to the time missed in
training days as well as competitive participation and may also
consider time lost to work in the case of a semi-professional athlete.
Athletes are eager to participate so unlike the layperson they will
always challenge the healing process by participating with injuries!
This confounds sports injury data collection and must be borne in
mind. The fact that there is no time loss in training or competitive
participation does not necessarily mean a non-significant injury. An
athlete will play because he/she is eager to keep his/her place (if it is
a team sport) and also because it is their job and they are paid to do
it (in a professional sport).

In sports medicine we are thus all epidemiologists “concerned with
quantifying injury occurrence with respect to who is affected by
injury, where and when injuries occur and what is their outcome – for
the purposes of explaining why and how injuries occur and
identifying strategies to control and prevent them”.2

Epidemiology is a developing science, yet in a recent survey looking
towards experimental design, conducted by the National Centre
for Disease Control,3 the outcome showed that in 32 years of
epidemiological research there had been little to no improvement.
With the advent of electronic literature searches and the access to
numerous statistical packages that exist today this is indeed a
distressing finding.

To interpret the literature, the researcher must be able to discern
good studies from bad, to verify whether conclusions of a particular
study are valid, and to understand the limitations of a study.4

Experimental design is the first essential step. Seek advice from
experts such as epidemiologists or statisticians before the data
collection is begun, it is too late afterwards! A study should ideally
have a research question/hypothesis or identify a problem to be

Box 2.2 Elements of a good experimental design

Research questions/hypothesis Inclusion/exclusion criteria
Source of sample* Selection bias
Randomised control (where possible) Power calculation
Appropriate method (validated) Descriptive intervention
Clearly defined outcome measure Set, coded definitions
Confidence intervals or P values Examiner blinding 
Appropriate statistical adjustment Address confounders
Inter-rated reliability (high) Address biases

*Sample size should be large enough for statistical significance for example
more than one team in a team sport study.
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investigated. Next, identify the risk factors that are felt to have
appropriate influence on the question/problem, followed by the
planning of the intervention and subsequent evaluation of the
outcome. Too many myths exist. Why are certain treatments/
interventions used if they have never been proven to be effective?

Current problems in sports injury data collection exist today
because many studies are limited by the fact that the data collection
is from the injured athletes alone (case series) or of risk factors alone,
which do not allow the use of the epidemiological concept of
“athletes being at risk”. Randomisation is difficult but must be worked
towards as it is a key concept. Case series studies are not helpful in
injury prevention but if they are to be used then confounding
variables, such as previous injuries, must be addressed. 

Many clinicians, in a position to access data, are not sufficiently
trained in study design and statistical analysis to collect the required
information or put it into a format for publication. Therefore there is
much information in existence that, frustratingly, is not published
and cannot be accessed. This is an issue that, if addressed, will take
sports epidemiology further. Partnerships can be made with medical
students and public health schools to alleviate this problem.

Currently there is no common operational definition of sports
injuries in existence, which constitutes one of the biggest problems
in sports injury data collection. What constitutes an injury in some
sports may not be what is considered an injury in another sport.
Some studies define an injury as “an incident requiring medical
attention following a sport related activity (typical to that sport)”1, 5–7

others only define it as an injury “if it requires the athlete to miss the
rest of that session or a subsequent training or participation
session”.8,9 The only way forward is to have a set, universal definition
of a sporting injury so that all sports follow one set of guidelines.
These guidelines can be a set definition of what constitutes an injury,
with a sub-division of definitions (codes) expansive enough to
incorporate all sporting diagnoses and subcategories for specific
injury definitions, which can be supplemented for some of the
atypical sports. 

Furthermore, there is no set definition of severity. Some studies
classify severe injuries as those “requiring five weeks out of
competitive competition” others classify severe injuries as those
“requiring five games to be missed”.9,10 The latter is clearly not
compatible if comparing team sports where more than one game is
played in each week. For example, if a team-player missed three games
with an ankle sprain and another team-player (examined by the same
physician) missed five games, but both injuries were considered to be
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exactly the same grade and had the exact same rehabilitation, would
the conclusion be that one ankle sprain was wrongly diagnosed
initially or wrongly rehabilitated? However, consider the fact that
both the injuries were exactly the same and the second team-player
missed more games simply due to the fact that his team had two
additional midweek fixtures as well as the regular weekend game.
Dependent on the definition of injury if the classification of severe is
five or more games missed one sprain is severe and the other is
moderate, even though these injuries are the same. When collecting
and reporting on data these considerations have to be taken into
account. They can be controlled by collecting data in two ways, by
total games/competition days missed and total days/weeks missed
with both reported in the results.

Currently there is no set format for data collection across sports.
Largely this is due to the fact that there are no set definitions of
diagnoses and severity. If these were to be defined then an inclusion
criteria of data variables for universal collection could also be set. This
would help solve some of the problems of the data collections that
exist. The criteria would be standardised allowing comparisons like
for like, whilst also allowing clinicians or scientists to collect in a
variety of formats as long as the criteria were adhered to. These
formats could initially be paper or electronic, although undoubtedly
the way forward is electronic databases.

An additional problem is that the sizes of the samples vary. Some
studies into team sports refer to only one team, others use multiple
teams.9,11–13 If studies are not adjusted for exposure then comparisons
cannot be made. Sample size will influence the outcome. For
example, if a paper comparing two different types of team sports
reported that at the same stadium, on the same day, the first team
sport had 12 injuries and second team sport had only 10 injuries and
concluded the first sport was more dangerous than the second, the
conclusion would not be acceptable unless the authors had also
shown “how long each sport was played for” i.e. adjusted for
exposure. Also the reader should be told “how many players were
playing in each team of the different sports.” In the above example,
if the authors reported that both teams, in their respective sports,
played for 80 minutes and the first sport had 15 participants in
one team and the second had only 13 participants and the methods
were not adjusted for exposure, all the authors can conclude is that
more injuries in the first team sport are simply because more players
are participating on the field of play at any one time. It does not give
any indication of risk and cannot conclude one sport has more
injuries in comparison to another.
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Key message

Always remember that methodological factors alter the perception and
interpretation of incidence rates!

Sample size will influence the results, as explained above.
Comparing studies using varying sample sizes (i.e. one team to
multiple) is impossible unless studies are adjusted for exposure and
this fact is clearly stated in the method. Studies concerned with one
particular sporting team, however, can be powerful studies if the
number of injuries incurred is large enough to show statistical
significance.5

Method

Key message

The first step to injury prevention is the collection of accurate data

The US Preventative Task Force in 1989 established a hierarchy of
evidence.14 Random control trial (RCT) was the first, which exposes
some subjects, but not others, to an intervention (for example risk of
injury). This is clinical in nature and the practicalities of RCT are not
well suited to the study of sports injury data at present. Cohort studies
rated next, which monitor both the injured and non-injured athletes
showing the results of participation and are ideally prospective in
nature. Cohort design enables the risk factors to be established before
the injuries occur. Case control was the third, monitoring only those
athletes who suffered an injury and are typically more retrospective in
nature. The latter make up the vast majority of sports injury studies at
present, yet we should be aware that multiple anecdotes do not add
up to an evidence-base. However, it should be stated that case control
can be compared against a sample of those eligible to be injured and
even the case itself can be its own control.

Studies should have validity and reliability. The former is defined as
the extent to which you measure what you intended to measure and
is usually compared against a “gold standard”. Sports injury incidence,
at present, has no “gold standard” against which comparisons may be
made. Reliability is the ability to produce the same results on more
than one occasion and is dependent on inter or intra-rater data
collection. For accurate injury incidence reliability is imperative.15



Methodology in research

17

The type of statistical analysis is directly related to the methodology
of the study. For example, Chi squared can be used to assess the
differences between observed and expected injuries in a competition
or over a competitive season or number of competitions or
competitive seasons. Multiple regression and multiple variate analyses
may be chosen to assess the influences of independent factors
(intrinsic or extrinsic) on the injuries incurred, for example the
athletes age, gender, position played in a team sport or the hardness
of the surface the sport is carried out on, the weather, what footwear
or protective clothing worn. The calculation of incidence rates has
been identified as a critical feature of sound epidemiological sports
injury studies.16 A study must also discern if the injury risk is actually
due to the nature of the sport or related to other confounding
variables. If comparisons are made with other studies and across
different sports, are the differences in injury risk actually statistically
significant? 

Key message

The fundamental unit of measurement is rate.

The fundamental unit of measurement is rate. To calculate a valid
injury rate the number of injuries experienced (numerator data) is
linked to a suitable denominator measure of the amount of athletic
exposure to the risk of injury. Thus a rate consists of a denominator
and a numerator over a period of time. Denominator data can be a
number of different things; Hodgson Phillips says the denominator
may be the number of athletes in a club or team, the number of games
played or the number of minutes/hours participated/played.1 To look
across sports it would seem appropriate to choose the number of
hours played/participated. Increasingly across most team sports
incidence rates are being expressed as rates per 1 000 hours played.
The denominator could also be the number of tackles made in a game
or the number of player appearances over a specified time period. It
could also be the number of player innings in a sport or the number
of races, kilometres or minutes run by an individual. The choice of the
denominator will affect the numerical value of the derived data and
also its interpretation. For example, injuries can be expressed as:

• the number of injuries per event (competition or game) 
• an injury every so many minutes or hours of participation/play
• the number of injuries per (x) athletic/player appearances17

• the number of injuries per tackle or innings 
• the number of injuries per 1 000 miles/kilometres run. 
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Studies that report prevalence are reporting the proportion of
athletes who have a specific injury at a given point in time. They do
not measure risk and do not provide a future risk of injury. Therefore,
prevalence studies are not adequate for sports data research. 

Key message

Incidence is the most basic expression of risk.

Incidence is the most basic expression of risk. Incidence rates
pertain to the number of new injuries that occur in a population at
risk over a specified time period or the number of new injuries during
a period divided by the total number of sports participants at that
period. Thus the number of players/athletes participating multiplies
the epidemiological concept of athletic exposure with games/events
or training. Incidence rates that do not consider exposure are not a
reliable indicator of the problem and cannot be utilised to compare
injury incidence.

Accurate and consistent medical diagnosis is imperative to
determine incidence rates. Diagnoses may be made by the doctor,
physiotherapist or trainer but must be consistent throughout, using
set codes for site, nature and severity of injuries. If the definition of
injury is altered it will affect the numerator. All injuries should be
recorded, including transient injuries, i.e. injuries that require
medical attention but no time lost to training or playing. Time lost
from participation must be recorded accurately, using both training
and game/competitive participation data, in days lost as well as games
and weeks lost. Many studies exclude training injuries and training
time lost, using only those injuries that occurred in a game or that
require a competitive game to be missed.8,9 These studies lose valuable
data and fail to portray the true injury picture of the sport. If training
information is excluded then the data only represents the tip of the
iceberg. Submerged missed data might include the effects of training
injuries, or more importantly the training time lost, on the athlete/
player, his/her fitness and ultimately his/her career. This same
argument can be used to stress the necessity of including transient
injuries in the data analysis. Excluding these injuries gives a false
picture of the injuries sustained in a given sport.

Many studies relate to injuries in a population but do not report the
definition they used to define an injury occurrence. Comparison of
like with like cannot be completed if no set definition is described.
When definitions are clearly described other studies utilising similar
methodology can cut or adjust their data set to compare with
previously published work. 
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For example, if one definition of injury in one study was “an injury
that occurred during a team game, requiring medical attention that
requires the player to miss a subsequent training session”9,10 and in a
second study the definition was “pain, discomfort, disability or illness
after participating in a team related activity”,5–7 how could the second
be compared against the first? Easily, if the database of the second
study is expansive enough. The second study’s definition includes all
injuries both during training and games. If these were clearly coded,
the first step would be to focus the statistical package to look at game
injuries only. The data set is then further refined to include only those
game injuries requiring a subsequent session to be missed. Data set
two is now the same as data set one – game injuries requiring a further
session to be missed and clearly comparing like against like. This
allows multiple data sets to be evaluated. It is better to collect
expansive information which can be reduced/focused, otherwise a
database may be developed that cannot be compared against any
existing data and so is not going to report anything of value medically
or scientifically unless it was reporting on incidence in a sport for the
very first time.

Key message

Coding and recording of injuries should be through the consistent use of a
set of established definitions of injury, which are expansive and descriptive
to avoid subjectivity.

Coding and recording of injuries should be through the consistent
use of a set of established definitions of injury, which are expansive
and descriptive to avoid subjectivity. Standard classifications of
diagnoses are in existence such as the ICD (International Classification
of Diseases), however, these are often too broad to be specific and thus
useful for sports injury data collection. In contrast there is the Orchard
Sports Injury Classification System (OSICS), designed for use by
practitioners who regularly see sports injuries. This system is very
descriptive yet simple to use, with an extensive list of the diagnoses
which are seen in sports medicine and thus may be utilised in this type
of research.18 The information should be recorded by one person only,
where possible, for improved intra-rater reliability. 

Time lost from sport must be considered as an objective measure,
which is not sensitive to the concept of returning to play when the
athlete is not fully healed, and must always be taken into account
when making conclusions on sports injury data. Athletes are often
paid professionals and as such do not wish to miss a training or
competitive/playing session – this could mean their team place in the
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next game or their wage at the end of the week. Athletes are eager to
participate and thus always challenge the healing process by aiming
to return to competition much sooner than the lay person.19 There are
no agreed criteria, for return to sport, that take into consideration all
the above.6

Key message

Incidence rates in all sports are being expressed in terms of rates per
1 000 hours.

The way in which incidence is expressed has also been shown to
affect the calculation/interpretation of incidence rates. Increasingly,
incidence rates in all sports are being expressed in terms of rates
per 1 000 hours. This is a good approach and does allow for some
comparison across sports. Thus, expected injuries are calculated using
player exposure/risk hours. These risk hours should ideally include
training time as well as competitive participation; however, this would
ultimately depend upon the purposes of the study.5,7

The following is an example of how exposure/risk hours are
calculated in a team sport. The number of players in a team is
multiplied by the duration of the game. For example, if there are
13 players, of one team, on the field at any one time and the duration
of the game is 80 minutes (1.33 hours), there are 17.33 player
exposure/risk hours per team per game (13 × 1.33). Over an average
competitive season, for example of 30 games, there may be 520 player
exposure/risk hours (13 × 1.33 × 30).

In order to calculate the incidence in relation to these exposure
hours the total number of injuries recorded over a period is divided by
the total exposure for that period and the result multiplied by 1 000
to obtain the rate per 1 000 hours. This period could be one game,
several games or a whole season or number of seasons. In order to see
if there are significant differences across games or seasons, observed
and expected injuries can be utilised. 

Observed injuries are the injuries recorded over the period under
consideration. Expected injuries are calculated by dividing the total
injuries (for example over four seasons) by the total exposure (for
example for the same four seasons) and multiplying the result by the
exposure for the period under consideration (for example one season
only) giving an expected injury case for that one season. Significance
tests may then be applied.

The relevance of recording and analysing data this way is
demonstrated below, taking data from a previous study conducted by
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this author.5 Figure 2.1 shows the number of injury cases recorded
over four Rugby League seasons at one British professional Rugby
League club (1993–1996 inclusive).5,7 On initial observation there
does not appear to be a significant difference across the four seasons
and the observer may even say that the injuries were in fact lower
over the latter two seasons. However, considering Figure 2.2 which is
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Figure 2.1 Game injury statistics showing number of injury cases per season.

Figure 2.2 Game injury statistics showing rates per 1 000 hours per season.
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for the same four seasons but adjusted for exposure/risk hours and
presenting the results as rates per 1 000 hours, the true picture is
revealed. An obvious increasing incidence of injury is demonstrated. 

The message is further highlighted when the facts are considered
that during the 1993/4 season there were 35 games played (605·15
exposure hours) and in 1996 only 21 games were played (363·09
exposure hours) – yet observe the difference in injury incidence again.
Not adjusting for exposure/risk hours but only commenting on total
injury cases is a fatal flaw in sports injury data presentation. 

Summary: Weaknesses and strengths in sports injury epidemiology
research

Weaknesses

• Retrospective data is utilised which may lead to bias. 
• Multiple injury recorders leading to a lower inter-rater reliability.
• Single or part season’s data analysed. 
• Single team analysed. 
• Injury cases documented are not adjusted for exposure risk hours of

training or playing. 
• Comparisons made with other studies, which have not utilised the same

injury coding or methodology (may not even be of the same sport).

Strengths

• Using one recorder to diagnose and document injuries improves inter-rater
reliability. 

• Incidence rates are utilised and adjusted for exposure (training injuries are
included). 

• Time lost to competitive participation, training and work documented. 
• Prospective studies conducted using descriptive set injury coding definitions

and methodology. 
• Sources of bias and limitations recognised and referred to. 
• Comparisons made with similar studies but acknowledging the differences

in diagnostic coding and definitions of severity. 
• Acknowledging where professional sport is compared with amateur sport. 
• Utilising more than one team where possible: improved generalisability.

If the above is applied to what is already known clinically, then we
as researching clinicians may help to predict and prevent future injury
occurrence. Thus accurate data collection could be essential in the
prevention of injuries. If specific influences are identified as a
contributing factor to the risk of injury and supported by scientific
data collection then the rules of the sport may be changed to prevent
this happening again. Preventative measures can then be initiated
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and the effect of those measures can be monitored through further
analysis. This will have the effect of making our athletes as injury free
as possible and may even help lengthen their time in competitive
participation. 

Summary: The ideal future study

• Cohort design (injured and non-injured athletes observed). 
• Conducted over several teams. 
• Longitudinal, prospective data collection. 
• One recorder where possible (high intra-rater reliability).
• Uniformity of injury definition across sports. 
• Specific definitions of injury severity so comparisons between studies can

be made accurately. 
• Exposure hours used to express incidence rates for competitive

participation and training. 
• Acknowledgement of existing limitations.

The future

National guidelines should be established with set, universal
definitions and codes for injury and severity, plus guidelines on the
minimum data sets to be collected (allowing a few variations such as
time loss weeks or games; mechanism or not; exposure per hour or
mile, etc.), then many of the problems identified in this chapter might
be avoided. Data could be collected (paper or electronic) as long as
the definitions and minimum data set were adhered to. This would
give clinicians/researchers the flexibility to choose a data set and
software that met their own clinical/scientific needs while still
fulfilling the requirement for data collection. This means more
importantly that data across sport can be compared, analysed and
evaluated. 

The true cost of a sporting injury is still not known. This is an area
of research that is lacking in sport. What is the true cost of an athlete
obtaining an injury? This is research that is needed now. This will take
sports medicine further to show managers and boards of directors
what having an athlete on the sideline does to their finances and how
having the best care at the appropriate time by the best qualified
practitioner can reduce their losses. This will stop the cost cutting that
goes on in medical rooms at clubs where qualified staff are replaced
by students, newly qualified staff or non-professionals who come
cheaper to the game.
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Appendix 2.1 How to design a database for a team sport data collection series

Using the inclusion criteria described in this chapter, design a database for a team
sport data collection series. 

• What question(s) would you be looking to answer? 
• List the factors that you would wish to collect in order to answer your

question(s). 
• How many factors would you look at? 
• How would you control for these? 
• What would be your method of data collection? 
• What would you use to compare against? 
• How would you ensure reliability? 
• What statistical package would you chose to analyse your data? 
• How would you choose to present this data? 
• When you have done the above, check if you have adjusted for the confounders.

Below is an example of a working database in action (this is shown as a means
to highlight a present working database, not to imply it is a gold standard). Do not
look at this till you have attempted the above.

• Do you agree? 
• Where do you differ?
• Having read the full chapter if you were to try the above exercise again is

there anything that you would change?

A database in action 

The following section highlights a contact-team sports database in
action. This database was developed by the author (LHP) and has been
in use since 1993.1,5–7 To date there have been eight years of data
collected utilising this database. Initially the database was developed
solely for the purposes of medical record keeping. In 1996 the
database became a research tool and was expanded slightly, whilst still
keeping the core elements for retrospective analysis of the other three
seasons’ data collected. Since the 1996 season all the data collected
has been prospective in nature. Whilst this database has principles
specific to the sport for which it was developed, the principles of
epidemiology are the same and can be extrapolated to any sport
whether team or individual orientated.

Variables and categories utilised for the purpose of injury
recording

The injury definition used was “Pain, discomfort, disability or illness
reported after participation in a Rugby related activity (game or
training).” Injuries were classified into transient “no games or training
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sessions missed”, minor “up to one game missed”, moderate “two to
four games missed” or severe “five or more games missed.” In order to
adjust for the confounder of more than one game being played in the
same week the number of days and weeks of missed training were
also recorded. Rates per 1 000 hours were calculated taking player
exposure risk hours into account (as described in this chapter).

The following variables were entered into SPSS for windows
(versions 6–9).

• Player ID: Confidential number applied to each individual player
which only the author could recognise

• Type of injury: Coded numerically

1 Fracture 2 Haematoma 3 Sprain Ligament
4 Sprain Tendon 5 Concussion 6 Laceration
7 Dislocation 8 Abrasion 9 Skin Infection

10 Joint Problem 11 Muscle Strain 12 Other
13 Sports Hernia 14 Med tibial SS 15 ACL Rupture
16 Bone Bruise 17 Bursitis 18 Neurological
19 PCL strain 20 Meniscal 21 Tendonitis
22 Soft Tissue/Oedema 23 DOMS 24 Pain
25 Blood bin 26 Subluxation 27 Joint Effusion 
28 Rib Cartilage 29 Tightness 30 Mus Imbalance

• Site of injury: Coded numerically

1 Knee 2 Ankle 3 Shoulder
4 Elbow 5 Head 6 Hand
7 Wrist 8 Hip 9 Lumbar

10 Abdomen 11 Thorax 12 Cervical 
13 Calf 14 Thigh 14.1 Quadriceps
14.2 Hamstring 15 Forearm 16 Upper Arm
17 Thumb 18 Groin 19 Other
20 Shin 21 Foot 22 Face
23 Eye 24 Nose 25 Shoulder Girdle
26 Gluteal Region

• Month: Month when injury occurred 1–12

• Season: Season when injury occurred (numerical)
–Value Label 1 1993/4 2 1994/5
3 1995/6 4 1996 5 1997
6 1998 7 1999

• Event: Activity at time of injury 
–Value Label 1 Game 2 Training

• Minutes: Game minutes played (figures)
–Value Label Training injury not applicable
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• Venue: Game played home or away
–Value Label 1 Home 2 Away

• League: Type of game 
–Value Label 1 Challenge cup 2 League
3 Premiership 4 Friendly 5 Training session

• Played: Number first team games played in the season (recorded in
number)

• Team: Team Identifier
–Value Label 1 Team 1 2 Team 2

• Position: Player position on field 1–13 as per positions in Rugby
League
–Value Label 1 Full Back 2&5 Wing
3&4Centre 6 Stand Off 7 Scrum Half
9 Hooker 8&10 Prop Forwards
11&12 Second Row Forwards
13 Loose forward (14–17 Substitutes)

• Substitute: Whether the player started game or was a substitute
–Value Label 1 No: 14 2 No: 15
3 No: 16 4 No: 17 5 no
6 Training injury not applicable

• Substitute: Was the player subbed at some point in the game?
–Value Label 1 Yes – for injury 2 No
3 Yes – coaching decision 4 Training injury not applicable

• Group: Grouped player positions 
–Value Label 1 Back 2 Forward
3 Substitute

• DOB: Player’s age at start of the season

• Days: Number of days missed training due to injury (could be
converted to weeks)

• Games: Number of games missed due to injury

• Activity: At time of injury
–Value Label 1 Tackling 2 Being Tackled
3 Running

• Timing of Injury: In game
–Value Label 1 0–20 mins 2 20–40 mins
3 40–60 mins 4 60–80 mins

• Foul: Was foul play involved?
–Value Label 1 Yes 2 No



• Repeat: Whether injury was new or recurrent injury
–Value Label 1 yes 2 no

• Appointment: Whether injury required a doctor
–Value Label 1 Consultant 2 Club Doctor
3 No 4 A&E

• Surgery: Whether injury required surgery
–Value Label 1 Yes 2 No
3 Had previous surgery for same problem

• Investigation: Whether injury required investigation
–Value Label 1 Radiograph 2 MRI
3 Bone Scan 4 Nil 5 Arthroscopy
6 Ultra Sound

Environmental variables and categories

• Game: Game identification number applied to each game in each
season investigated 

• Injuries: Total game injuries per individual game
• Temperature: Degrees Celsius average for duration of game
• % Humidity: Average humidity for duration of game
• Rainfall: Average rainfall in mm for duration of game
• Sunshine: Average hours of sunshine for duration of game
• Hardness: Hardness of pitch in gravities via Clegg hammer testing
• Moisture: Moisture loss (%) occurring that game (from soil samples)
• Sward height: Height of sward of pitch in mm 
• Player questionnaire: Surveying individual player’s responses about

running and falling on the pitch, plus length of sward and any
injuries sustained 

Other factors also considered since 1999
for data collection

• Time and motion analysis: Review effects on the game and injury
mechanisms

• Rule changes in the game: To see how these have related to injury
incidence

• Percent body fat: To see if these have changed over the years i.e.
player anthropometrics, are the players now leaner?

• Fluid loss/dehydration: Has this altered since the start of summer
Rugby League?

• Coaching Changes: Have these changes coincided with peaks in
injury incidence?
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3: How to use databases in
sports medicine research
JOHN ORCHARD, GREG BLOOD 

Introduction

A database is an organised collection of related information, stored in
a format that enables efficient retrieval. Anyone who is undertaking
or analysing research in sports medicine will inevitably use databases,
with or without realising it. The power of the internet is only possible
due to search engines, which are powered by massive databases
containing information (in the form of key words) about millions of
websites. The ability to thoroughly review a topic in sports medicine
requires the use of a literature database such as Medline (PubMed) or
SPORTDiscus. Primary research in sports medicine has been possible
in the past without recording results in a database, but as the average
numbers of subjects in studies increase from dozens to hundreds
and thousands, databases will be essential to efficiently manage the
greater amounts of information. When papers are ready for
submission to journals, Citation databases such as EndNote,
Reference Manager and ProCite can ease the arduous process of
correctly formatting the bibliography for the various journals.

Strictly speaking, the term “database” refers to the organised
collection of data (the information itself in its ordered form).
However, the term database is often also used to describe the structure
for the information, or even the program used to create this structure.
For example, a day surgery unit may have a Microsoft Access file
containing data about operations performed at the unit. The term
“database” is often used to describe the program (Microsoft Access),
the structure of the file written to record all of the operative details
(without the data itself), or the file containing all of the data (which
is the true meaning of database). 

Searching for sports medicine information on
the internet using databases

The internet now provides sports medicine researchers with instant
access to a range of medical and other information. The medical area



has been one of the growth areas of the internet and there are an
estimated 15 000 to 20 000 medicine related websites. In the medical
field governments and associations have led the way in making
available medical information. For instance, the National Library of
Medicine, funded by the United States Federal Government, several
years ago made freely available on the internet the Medline database.1

The internet version of Medline was named PubMed and now
provides extremely up-to-date access to information through any
terminal connected to the internet (http://www.ncbi.nlm.nih.gov/
entrez/query.fcgi?db=PubMed).

The earlier periods of the internet were characterised by
questionable, inaccurate and incomplete information. Whilst in some
cases this is still the case, the internet can now be used as a major
means of locating up-to-date and reliable information in the sports
medical arena. There are an increasing number of reputable
organisations and individuals publishing information on the internet.
The type of reliable and current information that may now be located
includes:

• bibliographies and author reference listings – many authors and
departments are now publishing lists of their research or articles
with reference lists (for example http://www.johnorchard.com or
http://www.kneeclinic.com.au/papers/index.html) 

• conference papers and abstracts – there has been a move away from
printed conference proceedings and abstracts over the last ten
years. Organisations such as Sports Medicine Australia now publish
conference abstracts on the internet http://www.ausport.gov.au/
fulltext/2000/preoly/

• contents pages of journals – as can be seen from Table 3.1 most
sports medicine journals now publish the contents pages of recent
issues on the internet. Abstracts are included for most journals

• commercial services such as Proquest and Ingenta include
summaries of articles from large collections and provide full text
access to journals. For instance, the American Journal of Sports
Medicine is only available in full text through Ingenta

• library catalogues such as the National Library of Medicine, British
Library, university libraries can now be searched individually or as
a conglomerate through z39·50 library gateways 

• medical review websites are increasingly becoming available
through the internet. One of the most heavily used evidence-based
medicine databases available through the internet is the Cochrane
Library (http://www.cochrane.org/) that identifies and collates data
from randomised trials and produces systematic reviews

• several organisations have developed sports medicine gateways.
An excellent gateway in the sports injury area is the Sports Injuries
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Table 3.1 List of major sports medicine journals, their inclusion in major
databases and the availability of contents pages and full text articles on the
internet. Y (Yes) N (No)

Title PubMed SPORTDiscus Contents Full Text

The American Journal Y Y Y Y
of Sports Medicine

British Journal of Sports Y Y Y Y
Medicine

Clinical Journal of Sports Y Y Y Y
Medicine

Clinics in Sports Medicine Y Y Y N
International Journal Y Y Y N

of Sports Medicine
Journal of Athletic Training N Y Y N
The Journal of Orthopaedic Y Y Y N

and Sports Physical Therapy
Journal of Science and Y Y N N

Medicine in Sport
Journal of Sport Rehabilitation N Y Y N
Journal of Sports Chiropractic N Y N N

and Rehabilitation
The Journal of Sports Medicine Y Y N N

and Physical Fitness
Journal of Sports Sciences Y Y Y Y
Journal of Sports Traumatology N Y Y N

and Related Research
Knee Surgery, Sports Y Y Y Y

Traumatology, Arthroscopy
Medicine and Science in Y Y Y Y

Sports and Exercise
New Zealand Journal of Sports N Y N N

Medicine
Operative Techniques in Sports N Y Y N

Medicine
Physician and Sportsmedicine N Y Y Y
Physiotherapy in Sport N Y N N
Scandinavian Journal of Medicine Y Y Y Y

and Science in Sports
Sports Medicine Y Y Y Y
Sports Medicine and N Y Y Y

Arthroscopy Review
Sports Medicine Training and N Y N N

Rehabilitation

NB This table is correct as of January 2002. It should be noted that many
journals are now moving to full text access.

gateway which is part of the Medline Plus Health Information
service is (http://www.nlm.nih.gov/medlineplus/sportsinjuries.html). This
gateway only lists documents from major medical organisations
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• directories of sports physicians and surgeons are now being made
available by sports medicine associations (for example http://www.
aossm.org/Find/Default.htm)

• statistical information is still limited but organisations such as the
National Centre for Catastrophic and Sport Injury Research are
using the internet to publish statistical research

• many websites publish information on injuries suffered by
professional athletes, often for the purposes of betting or
participation in fantasy leagues. A review of National Basketball
Association injury information on the web concluded that the
majority of published information is probably accurate.2

The major advantage of searching the internet for sports medicine
information is the huge number of websites containing information,
meaning that rare but important information can be uncovered. The
other advantage is that the internet may contain the most up-to-date
information from a particular source. It normally takes 18–24 months
for an article to appear in a refereed journal from the time it is
written, whereas some authors may publish on their own websites
immediately on completion of a study. The major disadvantage of
searching the internet is that there is no guarantee that information
will be accurate, or that searches will be complete. If information is
found via a link from a reputable source, it is more likely to be
accurate.

The most common way of searching the internet is by using a
search engine, for example Google (http://www.google.com), Alta Vista
(http://www.altavista.com), Yahoo (http://www.yahoo.com). Search
engines are powered by databases with information on the content of
websites.

In using a particular search engine it is important to understand
how a search engine retrieves information and what searching
features are available. A common mistake many searchers make is
that they do not use suitable search terms or use phrase searching. A
recent development has been the availability of subject search engines
such as Scirus (http://www.scirus.com) that only search the web for
scientific information.

Other internet tools that can be used for locating information
include listservs and forums. These tools allow the researcher to send
out requests for information to other researchers with a similar
interest. Unpublished data may be obtained this way. There are also
subject gateway websites that organise relevant websites on the
internet i.e. Bandolier Evidence Based Health Care website
(http://www.jr2.ox.ac.uk/bandolier/).
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Searching for scientific papers using
literature databases

Whilst the internet is increasingly providing access to timely and
accurate medical information, literature databases such as PubMed
and SPORTDiscus still remain the best starting point in the research
gathering process. Most medical literature databases can now be
accessed through the internet and have links, where available, to full
text documents on the internet. The major sports medicine related
databases PubMed and SPORTDiscus in the last few years have
devoted considerable resources to ensure that they are up to date and
provide instant access to information. The differences between
PubMed and SPORTDiscus are summarised in Tables 3.1 and 3.2,
which compare the databases in terms of journals covered, currency
and functionality. It is strongly recommended that both databases be
searched if a comprehensive search of the literature is required.

PubMed (also known as Medline) provides access to over 11 million
journal citations in 4 500 journals (http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi?db=PubMed). All core sports medicine journals are covered as
well as allied journals in fields of orthopaedics, physical therapy and
biomechanics. Features that should be utilised to ensure effective use
is made of PubMed include the following examples.

• MeSH Browser – this allows the searcher to select correct search
terms and their subheadings. The use of this function is extremely
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Table 3.2 Comparison of PubMed and SPORTDiscus databases

PubMed SPORTDiscus

Cost Freely available on Fee based
internet

Access PubMed on internet SportDetective on the
Medline on internal internet, SPORTDiscus
networks on internal networks

Core Journals Excellent coverage Excellent coverage
Non-core journals Limited coverage Excellent coverage
Conference Proceedings No coverage Good coverage
Books, Reports, Theses No coverage Good coverage
Currency in Indexing Very current Several months late 
Level of Searching Sophisticated Medium
Full Text Links to Articles Yes – Limited Yes – limited
Marking Records Yes Yes
Downloading to Citation Yes Yes

Databases
Document Supply Service Yes Yes



useful in restricting searches to the most relevant citations
particularly where there has been a large amount of research
published. MeSH browser allows the searcher to connect clinical
filters i.e. classification, epidemiology, etc. to the suitable MeSH
term i.e. Fractures, Stress/Epidemiology

• Limit function allows the search to be limited by specific age
group, gender, human or animal studies, language and specific
publication types including clinical trials, meta-analysis,
randomised control trial and reviews. This function is extremely
useful when searching for evidence-based medicine research.

• Clinical queries function allows searches to be restricted to four
study categories – therapy, diagnosis, etiology, prognosis.

• Journal Browser allows for the listing of the latest articles in a
journal.

• Cubby feature allows you to save frequently used search strategies.
• Marking, saving and downloading citations.

To limit searches to sports medicine information in PubMed
commence with the search strategy – sports OR sports medicine OR
athletic injuries – select these terms from the MeSH Browser. If the
MeSH Browser does not list a suitable term then search the database
using the term you know i.e. shin splints, osteitis pubis. This is
frequently the case with sports medicine terminology.

Another excellent feature of PubMed is the linking of full text
journal articles to citations where available. This feature is dependent
on the searcher having access to the journal through personal or
organisation subscription. 

SPORTDiscus, managed by the Canadian Sport Information Resource
Centre (SIRC) and endorsed by UNESCO as the international database
for sport, should also be searched. Sports medicine researchers generally
do not search this database but Tables 3.1 and 3.2 highlight the fact
that SPORTDiscus provides access to research in conference proceedings,
theses, chapters in books and non-core sports medicine journals that are
not covered by PubMed. Currently there are over 500 000 citations listed
on SPORTDiscus. Access to SPORTDiscus is through a library network or
through SIRC’s SportDetective internet service. SPORTDiscus lists high-
level research and practical information. The “advanced” level function
should be used to restrict citations to original research.

The SMART database from the National Sports Medicine Institute
located in London, England has over 32 000 citations from 1986 on
sports medicine. Access is through the internet but there is a monthly
or annual subscription fee. The relatively new internet based Sponet
database produced by the Institute of Applied Training Science at
Leipzig in Germany is providing access to training and sport science
websites and internet documents. 
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Non-English sport databases that cover sports medicine that could
be searched include:

• Heracles, a French language database by the Institut National du
Sport et de l’Education Physique in Paris

• Spolit, a German language database by the Federal Institute of
Sport Science in Cologne

• Atlantes, a Spanish language database by the Latin-American
Association for Sports Information. 

Other medical and scientific databases that may be searched
include Cumulative Index to Nursing & Allied Health (CINAHL),
Excerpta Medica and Science Citation Index. 

Whilst many journals now provide access to their contents through
databases or the internet, there is still often the need to obtain the
printed copy of the article. Organisations that can assist in this
process include:

• National Library of Medicine (United States) – http://www.nlm.
nih.gov/

• British Library (United Kingdom) – http://www.bl.uk/
• Canada Institute for Scientific and Technical Information (Canada) –

http://www.nrc.ca/cisti/
• Sport Information Resource Centre (Canada) – http://www.sirc.ca/
• National Sport Information Centre (Australia) – http://www.

ausport.gov.au/nsic/
• National Sports Medicine Institute (United Kingdom) – http://

www.nsmi.org.uk/

With the improvement of access to databases through the internet
and local networks, there has been a move away from librarians to
medical researchers in searching databases. Whilst this situation is
beneficial to researchers on the one hand, Haynes et al found that this
situation is resulting in inexperienced searchers missing relevant
citations because of inefficient searches.1 Medical librarians should
still be utilised particularly in preparing searching strategies, as well as
teaching clinicians quality filtering and appraisal of the literature.3

Storing references and formatting a
bibliography using Citation Databases

The integration of many database products has greatly improved
the management of citations for research purposes. PubMed and
SPORTDiscus both allow the downloading of records to citation
databases such as Reference Manager, EndNote and ProCite. These
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programs have filters and connection files to ensure that information
is correctly downloaded from the external database into the user’s
library. This allows the researcher to select and export relevant
citations to their citation database for future use in bibliographies and
reference lists. Citation databases allow you to reformat citations to
meet the citation styles of hundreds of scientific journals. Formatting
styles for the major journals are already included in the citation
database program. Less well known journals can have their style
inputted by the user. For example, EndNote version 4 arrives with the
style for Medicine and Science in Sports and Exercise already contained
within the program, but the formatting style for Sports Medicine must
be set up by the user.

Many authors use citation databases to manage their own published
research. If there is the possibility that a scientific paper may be
submitted to more than one journal, or have references added after the
review process, then the use of a citation database can save hours
of time and decrease the chances of an error in formatting or a
mismatched reference. It is surprising that most journals in the sports
medicine field, to date, do not require papers to be submitted with a
citation database file. Although most journals now encourage electronic
submission (such as in Word or Word Perfect format), the journal editors
generally expect the authors to manage their own reference list and
then proceed to edit the references within the word processing program.
Submission in the future will require authors to submit both a word
processor file for the text, with citations linked to a citation database,
which is also supplied. The editing process will involve the editors
matching the authors’ references in their citation database to the
journal’s citation database (which presumably will be less likely to
contain errors). Authors may be required to provide reference IDs such
as PMID (PubMed ID). These innovations will be introduced as citation
database programs become able to undertake the reference matching
process automatically. They will be necessary as journals become
full-text on the web, and reference formats for journals include URLs
(Uniform Resource Locators, or web addresses) as compulsory fields.

There are examples of medical libraries downloading relevant
citations on a select topic and creating their own internal evidence-
based medicine database that can be accessed by local clients on their
network.4

Designing your own database within a
spreadsheet or database program 

Although not every sports medicine researcher will need to become
a database programmer, the ability to program using a user-friendly
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database such as Microsoft Access is a very useful skill for a sports
medicine researcher. Many sports medicine professionals and
researchers are now comfortable using word processor and
spreadsheet programs – skills that were rare 20 years ago. The ability
to design a basic database is a skill that may be considered rare today,
but will become a standard skill in the future, as more professionals
appreciate the power of databases.

The biggest advantage of a self-designed database is that it includes
exactly what you want it to include for the task at hand (or the study
that you are conducting). A database structure can be planned by
someone who cannot program a database, and then given to a
professional programmer to create. If you not only design the
database yourself, but also create it, you have the added advantage of
being able to modify it whenever you wish to add or extract extra
information. One of the most important factors to consider whenever
you elect to use a database that has been designed by someone else is
the ease of exporting data. To protect their intellectual property,
professional programmers or companies selling databases will lock the
programming code so that it cannot be seen by the user. This means
that once bought, the structure of the database cannot be changed
without going back to the original programmer. However, some
databases on the market do not even include the facility to export the
raw data, which the user enters, to another format. This means that
after entering the data, the user can only use that specific program to
analyse their data. If another type of analysis is desired, using a
different database program, it may not be possible if there is no export
function in the original program.

The simplest form of a database is known as a “flat file”, in which
all of the information is stored in a single table. Spreadsheet and even
word processor programs can be used to store data in a flat format. For
example, operation reports could be stored in a spreadsheet table in
the format of Table 3.3.

Creating a worksheet in a program such as Excel is a simple
process – the user only needs to start typing and a table will be
created. The program will automatically detect special formats like
numbers, percentages, dates and currency amounts. Automatic or
manual formatting can be used to keep the column and row widths
suitable for the amount of data in each cell. Certain functions are
available within spreadsheet programs to analyse data. For example,
data can be sorted by operation type (alphabetically) or date. If the
operative fee was included as a field, then the fees for all of the
operations on a particular day or week can be totalled.

More complicated information analysis is difficult with standard
spreadsheets. Continuing the current example, it would be difficult
in Excel to retrieve all records of knee reconstructions using the
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patellar tendon, between 1997 and 1999, where the time to surgery
was less than two months after injury. Lotus Notes is a more
sophisticated spreadsheet program with superior ability to perform
sort and filter functions, yet with a similar ease of data entry for the
unsophisticated user.

However, the most powerful form of data storage is in a type of
database known as a relational database. Examples of relational
databases include Microsoft Access and FoxPro, dBase and Lotus
Approach. (see Table 3.4) A relational database uses many tables that
are linked together by common fields. In the operations example,
there would be separate tables for “Patients”, “Procedure types”,
“Hospitals”, “Surgeons” and “Injury codes” linked by key fields
(Figure 3.1). The structure of a relational database is harder to picture,
as an extra dimension is added, but it makes the database far more
powerful. The tables in a relational database will appear to contain less
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Table 3.3 Example of a ‘flat file’ format for a database

Patient Patient Diagnosis Side Date of Date of Type of Hospital
surname first injury surgery surgery

name

Smith Mary ACL tear R 1/3/00 15/4/00 ACL St.
reconstruction Elsewhere’s
using patellar
tendon 

Bloggs Joe Lateral L 11/3/00 15/4/00 Arthroscopic St.
meniscal partial Elsewhere’s
tear menisectomy

Jones Fred Knee L 1/1/96 15/4/00 Knee St.
osteoarthritis replacement Elsewhere’s

Table 3.4 Major software programs that can be used to store databases

Type of file Examples

Spreadsheet Microsoft Excel
Lotus Notes

Relational database program Microsoft Access
dBase
Fox Pro
Lotus Approach

Citation database program EndNote
Reference Manager
ProCite

Injury monitoring software Injury Tracker
Sport Care
SIMS
Sports Injury Manager



immediately apparent information when viewed individually. The
power of a relational database is realised when tables are combined
to give queries.

The major advantages of a relational database are as follows.

• Less errors. If a commonly used entry is inputted multiple times
into a flat file (e.g. Name of hospital – St. Elsewhere’s) then
occasionally it will be misspelt. This may cause a case to be missed
during a filter operation, as it does not match the correct spelling.
In a relational database, a hospital name will be entered once only,
and all references to that hospital will be linked to the name
record.

• Easier updating. When information changes (such as the address of
a patient), it is changed in only one field in a relational database,
which automatically updates all queries in which the field appears.
In a flat file, information is often duplicated many times.

• Smaller file sizes. Because of the removal of duplicate information,
storage of a relational database is more efficient. Forms and reports
take less time to be created because of the efficient storage.
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Injury codes

Injury code ID
Description
Body part
Injury type
ICD-10 code Injuries

Patient ID
Injury ID
Injury code ID
Date of injury
Description
Mechanism ID
Sport ID

Operations

Patient ID
Operation ID
Hospital ID
Descriptive findings
Procedure ID
Date of operation
Injury ID
Surgeon ID

Patients

Patient ID
Surname
First name
Date of Birth
Address
Phone number

Hospitals

Hospital ID
Address
Phone number

Procedure type

Procedure ID
Description
Arthroscopic

Surgeons

Surgeon ID
Surname
First name
Title
Degree
Specialty
Address
Phone
Email

Sports

Sport ID
Sport

Mechanisms

Mechanism ID
Contact/non contact
Description
Acute/gradual

Relationships for surgery database

Sunday, 29 July 2001

1 1

1

Figure 3.1 Sample structure for a relational database to record details of
surgical operations.



• Power. If the data is part of the database, then no matter how
complicated the question, it can be asked by a relational database.
Some queries are too complicated to work with flat files.

Using a professionally-designed program to
analyse sports injuries

Professionally-written databases will become more common in the
future as more researchers have a need to manage large amounts
of data. A professionally-written database can be an off-the-shelf
product, or can be custom written by a programmer after determination
of the requirements for the research. Custom products are currently
very expensive because the market is currently small. Off-the-shelf
products have the disadvantage of needing to be written for a large
number of users, so it is difficult to strike a balance between
functionality for everyone and huge unwieldy menus of functions that
the majority of users do not want. The product of the future will
probably have an off-the-shelf framework that each user will have the
opportunity to modify at the time of purchase, so that it works most
efficiently in its environment. 

Off-the-shelf programs to monitor and analyse injuries are
currently available, such as Injury Tracker and Sport Care. Both these
programs are based within a relational database environment.
Injury Tracker (http://www.injurytracker.com/) is a program written
within the dBase environment, whereas Sport Care (available at
http://www.humankinetics.com/) is written within Microsoft Access,
although neither of the programs requires the user to have a copy of
the parent database program. Both of these programs enable the user
to analyse injuries across a wide range of sports, after recording injury
information, clinical notes and test results. They have been designed
for the North American market and are particularly suitable for
athletic trainers who look after athletes from multiple teams in a
school or college environment. The features of these programs are
less relevant as users move further from these typical environments.
A similar program is being developed for the UK market (http://
www.sportsinjurymanager.co.uk). Med Sports Systems (http://www.
med-sports-systems.com/), a company established in the USA by John
Powell, also sells sports injury monitoring software (SIMS), written
within the FoxPro parent database program. This product is often
purchased by entire competitions as part of an overall injury
surveillance system, where the company will not only provide the
database, but also collate and report on the injury statistics. The most
established client of Med Sports System is the National Football
League, which has required all teams to use a standard injury database
for over 20 seasons.5 Orchard has provided similar injury surveillance
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services to sporting bodies in Australia such as the Australian Football
League, enabling a large injury database to be established.6

Conclusion

Sports medicine researchers already use databases on regular
occasions in the process of conducting their own research, writing a
scientific paper, or reading the work of others. The ubiquitous
presence of databases in sports medicine will only increase in the
future. An understanding of how databases work, and skills in using
at least one of the major databases in each of the categories reviewed
in the chapter, will be mandatory for the sports medicine researcher
and clinician of the future.

Key messages

• The power of internet search engines is due to databases that relate
websites to key search phrases

• Medline and SPORTDiscus are the most comprehensive literature
databases to search in the sports medicine field

• Medline, in its PubMed version, is available free of charge on the internet
• Citation databases are used to file reference details when writing a

scientific paper and to automatically format the bibliography when
submitting the original or revised paper

• A relational database is the most powerful type of program to track injury
records or injury-related details in a clinical setting

Sample examination questions

Multiple choice questions (answers on p 561)

1 A relational database is:

A A database program that is related to another program in an
Office Suite

B A database where the data is stored in multiple tables that are
linked by relationships between them

C A program such as a spreadsheet that is used as a database
D A program such as Lotus Notes, which can run queries on data
E Data outside a database that is related to data within a

database

2 SPORTDiscus differs from Medline in that:

A It is available on the world wide web
B It is available free of charge
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C It contains a greater number of sports medicine journals in its
database

D It is more commonly used
E It does not provide abstracts of references within the database

3 Which of the following programs are citation databases?:

A Microsoft Access
B EndNote
C Lotus Notes
D Injury Tracker
E Sport Care

Essay questions

1 You are the medical director of a sports medicine centre situated
within a university that treats all athletes from the university
sporting teams. You would like to write a scientific paper that
compares the injury rates from the different types of sport that are
played at the university. Describe three ways in which you could
use a database to help you conduct this study and write a paper
for submission to a scientific journal.

2 List some sports medicine journals that are indexed in PubMed,
and some journals that are not. As a sports medicine researcher,
why is it important that you have an idea which of the journals are
included in PubMed?

3 For a surgeon who wants to keep a computerised record of
operative details, comment on the advantages and disadvantages
of using a spreadsheet compared to a relational database.
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Section 2
Management of acute
conditions





4: What is the role of ice
in soft tissue injury
management?
DOMHNALL MACAULEY

Introduction

Soft tissue injuries are the most common in sports medicine
practice.1–4 A common paradigm for their treatment uses the
mnemonic RICE meaning rest, ice, compression and elevation.
Searching for research evidence to support the principles underlying
this mnemonic causes problems. When you ask for how long one
should apply ice, how often it should be applied and for what
duration, there is little agreement. Ice is the most often applied
therapeutic modality yet little is known of the physiological effects on
soft tissue and how it is best used. Little attention is given to the
physiological effect of ice at various tissue depths or of potential
adverse side effects.

Ice has been used in physical medicine from earliest times. There is
mention of ice in the writings of Hippocrates5 and it has remained an
important part of injury management among coaches and trainers;
some recommending ice in the first 30–60 minutes6 but others using
ice up to 24–72 hours7 after injury. The earliest recorded research
studies are observational studies of soldiers returning to active duty
after injury,8,9 suggesting that those treated with ice returned sooner.
There is, however, general lack of agreement on the most effective
treatment plan and each coach, athlete, and practitioner appears to
have their own formula. 

If in doubt about treatment, most physicians would consult the
latest textbook. The first part of this review is a search of sports
medicine texts with a view to finding agreement on how best to treat
soft tissue injury. The aim was to look for consensus on treatment
and offer guidance on management and, in particular, on the
recommended duration, frequency and mode of application of ice in
a range of textbooks. The aim of the second part of the review was
to search the original research literature on cryotherapy in acute
soft tissue injury in order to establish the evidence supporting
recommendations on clinical practice. The findings of this review are
based on secondary research previously published.10,11
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Method

The first part of the study was a systematic search of a sample of
available textbooks. It is impossible to establish a limit to a search of
textbooks and this study was a pragmatic sample. It included
textbooks in the library of the British Medical Association, the
National Sports Medicine Institute (London), the University of
Wisconsin, Granta Book Exhibitions and in a personal collection.
The indices and chapter headings of each text were examined to
identify references to ice, cryotherapy, soft tissue injury, muscle,
bruise or other possible guidance on management of soft tissue
injury, looking in particular for advice on duration, frequency and
mode of application. This study included forty-five general textbooks
(Table 4.1) and the sample did not include a specialist text on
cryotherapy.12

The second part of the study was a systematic literature search of
Medline, Embase, SPORTDiscus and the database of the National
Sports Medicine Institute (UK) using the key words ice, injury, sport,
exercise. This search strategy identified 148 references to original
research examining the effect of cold application. Additional
references were identified from the reference lists of review articles
(n = 12).

Results

Textbooks

Many physicians use textbooks to guide their clinical practice.13,14

This was a small pragmatic study to reflect what physicians would
find if seeking advice on appropriate treatment in textbooks. Of the
45 textbooks, there was no specific guidance on the duration,
frequency or length of ice treatment in 17. There was advice on the
length of treatment in 28 texts but the recommendations varied with
the type of injury, its location and severity, and the type of ice therapy
recommended. There was advice given on the frequency of treatment
in 21 texts and 22 advised on the optimum duration of treatment. It
was clear from this small study, which is open to many possible
criticisms, that there is little consensus among textbooks on one of
the most common treatments in soft tissue injury management. If
there is little agreement in textbooks, answer may be found in the
original research. This was searched and organised into a number of
key areas, looking first at the effect on skin temperature. 
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Skin temperature

Ice applied to the skin, either directly or indirectly will reduce skin
temperature and a number of studies have examined this effect using
different methods of applying ice of variable duration. As expected,
the drop in skin temperature was proportional to the temperature and
duration of application. Direct application of a wet ice pack for
5 minutes reduced skin temperature to 7⋅6ºC, and, after 10 minutes,
the skin temperature was 5ºC.15 Applying a wet ice pack repeatedly for
10 minutes, followed by 10 minutes’ recovery,16 skin temperature was
reduced to less than 20ºC for 63 minutes and to under 15ºC for
33 minutes. Ice may be applied using various modalities and in one
study comparing wet ice, dry ice and cryogen packs, the mean
skin temperatures were 12ºC, 9⋅9ºC and 7⋅3ºC respectively after
15 minutes. Other studies confirmed these general findings, and using
a standard ice pack (1kg ice in a plastic bag) the initial skin
temperature of 19ºC dropped to 14ºC at 30 minutes.17 The ice effect
was less, however, following 15 minutes’ exercise.18

Depth of temperature reduction

The effect on skin temperature is relatively unimportant but
changes in muscle temperature, and the physiological effect of this
reduction, is of much more clinical significance.19 There is evidence
that the optimum temperature range for reduction of cell metabolism,
without causing cell damage, is in the range 10–15ºC20 and this
appears to be the optimum target temperature. 

Animal studies

Researchers have used animal models to examine the effect of cold on
muscle physiology. There are, of course, limitations to this research and
temperature effect cannot always be generalised to humans. A number
of studies confirm the effect of ice in reducing muscle temperature and,
in a study of ice application for 20 minutes in sheep,21 intramuscular
temperature reduction did not return to pretreatment levels after two
hours. When ice was applied a second time, intramuscular temperature
continued to fall. Higher temperatures were recorded in the traumatised
limb.

In a study of cold applied to the skin of the mouse, increased blood
vessel permeability with fluid extravasation and oedema occurred
with temperatures below 15ºC.22 Interestingly, rabbit limbs cooled after

The role of ice in soft tissue injury management
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fracture developed more swelling than those maintained at normal
temperatures.23 In contrast, however, ice significantly reduced oedema
in previously injured rabbit forelimbs with cooling to 30ºC more
effective than cooling to 20ºC.24 Histological studies show,25 however,
that although there is increased soft tissue swelling with cold, the
inflammatory reaction is reduced. In a study of the effect of ice on
injured rat muscle, however, cryotherapy did not reduce microvascular
diameters or decrease microvascular perfusion.26 The duration of
treatment in these animal studies was longer than those usually used
in clinical practice and the effect cannot be extrapolated to humans. 

Human studies

Animal studies can help us understand the physiological effect of
temperature reduction but the key to clinical care is to understand the
therapeutic effect in clinical practice. A number of researchers have
examined the effect of tissue temperature reduction, but it is difficult
to compare the results of the different studies because of variation in
research methods and measurements. The temperature reduction at
tissue level is illustrated in one study where ice was applied
continuously for 85 minutes27 and the temperature dropped by 5ºC, 
9ºC and 7ºC at depths of 7 cm, 6 cm and 4 cm. Compression may
also enhance temperature reduction28 with the changes at 1 cm below
the fat layer and at 2 cm below the fat layer being greater with
compression at 12⋅8ºC and 10⋅1ºC. 

Subcutaneous fat, being an insulating material, inhibits the cooling
effect and while significant cooling occurs with 10 minutes of ice
application to a depth of 2 cm in those with less than 1 cm of fat,29

athletes with more than 2 cm of fat, required 20–30 minutes. There is
an inverse relationship between adipose tissue and temperature
decrease so that subcutaneous fat may mean that short duration ice
application may be ineffective in cooling deeper tissue levels.30 Other
authors identify the insulating effect31,32 which is seldom taken into
consideration in treatment guidance.

The above paragraphs highlight only some of the studies on ice
application. The consensus from studies of ice application, for periods
varying from five minutes to 85 minutes, is that the temperature is
reduced in the first 10 minutes with little further reduction from
10 to 20 minutes. The temperature drop is determined by the area of
contact between the ice and the skin, the temperature difference and
tissue conductivity but most published studies do not measure the
area of ice application, subcutaneous fat, nor use comparable methods
of calculating depth, or measuring temperature. Where temperature is
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measured, in human and animal studies, there is wide variation in the
temperature recorded at different depths in different studies with
wide standard deviations. It is almost impossible to consider the
dynamic effect of tissue movement and blood flow on temperature
and experimental measurements of tissue temperature cannot be
directly compared to the effect on the injured athlete.

Summary

Subcutaneous fat is an insulator so may impair cold conduction
A barrier should be used to prevent ice burns 
A wet towel is a most effective barrier and conductor
Ice therapy may cause temporary neurological impairment 
Ice may temporarily impair muscle strength

Application of different modalities

Ice, or cold, is used in different ways. The standard ice application
of melting iced water ensures a constant temperature of 0ºC. Ice taken
straight from a freezer may be considerably below freezing point and
reusable chemical gel packs may be as cold as −5 to −15ºC. Iced water
may also be used in different ways, such as frozen in paper cups or in
moulded packs, and convenience packs (for example frozen peas)
have also been recommended. A temperature of 0ºC is certain with
melting iced water, which is important as there is a risk of tissue
damage and frostbite with excess cold. 

The traditional method of cryotherapy is through melting iced
water, but there are a number of proprietary preparations available
including chemical packs, reusable gels, sprays and applications.
There is little research on comparison of the various methods
although one animal study gives us particular insight.33 In this study
of the effect of cryotherapy on the deep quadriceps muscle of dogs, ice
packs were more effective in reducing tissue temperature than gel
packs or chemical cold packs. Other methods were ineffective. 

Ice can cause burns if applied directly to the skin34 so a barrier is
usually recommended. This can, of course, act as an insulator and
prevent cold conduction but this depends on the nature of the barrier.
The effect of different barriers was clear after 30 minutes of ice
application.35 Using a padded bandage the mean temperature was
30·5ºC, it was 20·5ºC with a bandage alone, 17·8ºC with a dry
washcloth, 10·8ºC with no barrier, and 9·9ºC with a damp
washcloth.
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Summary

Melting iced water ensures a constant temperature of 0°C. 
Repeated 10 minute applications through a wet towel are most effective. 
Ice taken straight from a freezer may be below freezing point.
Reusable chemical gel packs, may be as cold as −5 to −15°C. 
There is little research on comparison of the various methods.

Effect on blood flow

Cold is a vasoconstrictor, but there is some discussion about the
possible paradoxical effect of cold application. This is described as the
“hunting reflex”, and it is a physiological protective reflex to protect
tissue from ice damage.36 If ice causes vasoconstriction, this could
ultimately compromise tissue viability so when tissue reaches a
certain threshold, there is reflex vasodilation. This has been studied
by Knight and Londeree37 who compared blood flow to the ankle
under six experimental conditions using a cold pack and concluded
that there was no cold induced vasodilation. These findings have
been confirmed by Baker and Bell.38 Modern technology allows us to
use triple phase technetium bone scans to look at joint blood flow39

and show that the temperature change in a joint is related to the
initial body temperature, the temperature of the ice, the skin
temperature and duration of cooling.

Possible adverse affects

Cooling is used to reduce swelling and muscle damage after injury
but there are potential adverse effects associated with ice application
which may be important if an athlete wishes to compete or train
immediately after injury. Muscle cooling may inhibit muscle
strength40 and Meeusen and Lievens41 suggest that motor
performance is impaired at a critical temperature of 18ºC. This finding
has not been confirmed in other studies where there was no
significant effect on peak torque but an increase in muscle
endurance.42 An effect on muscle strength could have important
implications if an athlete wishes to returns to sport immediately after
treatment and impairment associated with cryotherapy has been
confirmed in functional tests in footballers.43

Pain relief is a well known effect of cold, which is in keeping with
this neurological effect.44 Similarly, there is potential impairment of
nerve conduction with cooling which has important functional
implications. Ice application reduces nerve conduction velocity,45

slowing of the stretch reflex, with an effect greatest with superficial
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nerves. This is of particular importance because of the long duration
of effect on nerve conduction velocity which has been shown not to
return to normal for 30 minutes after ice therapy. Longer-term
peripheral nerve damage is also recorded.46–48

Theoretical impairment of proprioception was not confirmed in a
study which found no difference in eight repositioning trials and
concluded that ankle joint position receptors were not impaired.49

Interestingly, cold can also reduce muscle spasticity, perhaps through its
influence on skin receptors and later on the muscle spindle,50 and this
has valuable therapeutic effects outside the sports medicine context.

Clinical research

There are remarkably few evaluations of cryotherapy in clinical
practice. There are practical difficulties in undertaking this type of
research which is difficult to organise and fund and there are few
clinical studies. One retrospective observational study in a sports
injury clinic,51 found that those treated with ice had shorter treatment
duration and fewer appointments. More focused work52 showed
that ice therapy reduced disability following ankle sprain from 15 to
10 days. A similar study53 showed more rapid recovery in grade 3 ankle
sprain (6 days) following early cryotherapy compared to late
cryotherapy (11 days) and heat (15 days). Comparable results in grade
4 ankle sprain, further emphasised the benefits of early cryotherapy
(13 days) compared with late cryotherapy (30 days) and heat
(33 days). More recently, combination treatment of cryotherapy with
compression (Cryocuff™; Aircast Inc., Summit, New Jersey, USA) has
shown54 symptomatic relief in 131 patients with knee pain and rapid
pulsed pneumatic compression, together with cold, was effective in
controlling pain, loss of motion and oedema in acute lateral ankle
ligament sprain55 although neither of these studies had control groups. 

Conclusion 

Ice therapy has been used empirically throughout the ages, and
although it is considered to be an important component of all
immediate care of soft tissue injury, there appears to be little high
quality research evidence. This is reflected in the lack of consensus
among sports medicine texts and, looking to the original evidence, it
is difficult to reach consensus on the appropriate treatment protocol.
Little is known of the specific physiological effect of ice on tissue at
different levels in the muscle. Animal research and, to an extent
research on humans, shows us that temperature changes within a
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muscle depend on the method of application, the duration of
application, initial temperature and the depth of subcutaneous fat
and that temperature continues to drop after ice application. From
animal studies, the optimal target temperature appears to be 10–15ºC
but this has not been established in clinical studies in humans.

Nor is it possible to establish from the literature, an optimal
frequency or duration of treatment. The consensus, however, appears
to be that repeated applications of 10 minutes are effective.
Subcutaneous fat is an insulator but the magnitude of insulating effect
is unknown. Exercise increases blood flow and exercising an injured
muscle immediately after ice application increases intramuscular
temperature. Furthermore, most studies on temperature effect have
been in resting uninjured athletes and the injured athlete may behave
differently. Cold is an effective analgesic but the effect of ice on nerve
conduction may impair reflex activity, motor function, and possibly
proprioception and players may be more susceptible to injury minutes
following treatment. Ice application directly to the skin may cause
burns, so a barrier should be used and a wet towel is most effective.
Repeated ice applications are most effective in reducing muscle
temperature while allowing the skin to recover between applications. 

Case studies

Case study 4.1

A 25-year-old football player sustains an inversion injury during the game. Her
ankle begins to swell. It is painful, swollen and bruised but she can stand
although she walks with a limp. You are happy that there is not a bone injury
but she is very keen to recover and return to sport as soon as possible. The
trainer has a cold spray, another player offers a chemical ice pack, and the
club has ice available in the freezer. You are asked to advise on the best form
of treatment, how often and for how long, and you would, of course, be
concerned not to cause further injury.

Sample examination questions

Multiple choice questions (answers on p 561)

1

A Ice should be applied directly to the skin 
B Ice should be used for 45 minutes 
C Coolant sprays are as effective as ice 
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D Ice burns occur with cold sprays 
E Ice may cause neurological impairment

2

A Ice does not affect muscle strength 
B A dry towel should be used as a barrier 
C Melting iced water guarantees a temperature of 0°C
D Chemical cold packs are always at 0°C
E Ice should not be applied until at least 48 hours after injury 

3

A Ice is as effective in a deep muscle injury as a superficial injury 
B Subcutaneous fat does not affect cold conduction 
C Ice therapy is always harmless 
D Repeated application for 10 minutes is most effective
E Ice therapy need be used only in the first six hours 

Essay questions

1 What is the most effective form of cold therapy following an acute
soft tissue injury? 

2 For what duration, how often, and for long would you advise
treatment with ice? 

3 What local effects would you expect with ice therapy following a
soft tissue injury? 
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5: Who should retire after
repeated concussions?
PAUL McCRORY

Introduction

The decision to retire following repeated concussive injuries remains a
complex and controversial area. For the most part, there are no
evidence-based recommendations which guide the practitioner. In
some cases, where the athlete has suffered a life-threatening severe brain
injury or has residual neurologic deficit, the decision is straightforward.
Far more difficult is the situation where an athlete, either professional
or otherwise, has suffered a number of concussive injuries but has no
residual neurological or cognitive symptoms. In this setting, a number
of anecdotal guidelines have been published; however these have no
scientific basis.1 At the end of the day good clinical judgement and
common sense remains the mainstay of management.

Methodology

The relevant literature was searched through the use of Medline
(1966 to 2001) and SPORTDiscus (1975 to 2001) searches, hand
searches of journals and reference lists and discussions with experts
and sporting organisations worldwide. In addition, a key word search
was performed of the author’s EndNote database of over 3 000 articles
on sport related concussive injuries. Keywords and MeSH headings
used in all searches included concussion, brain injury, head injury,
head trauma, brain trauma, sports injuries and brain commotion.

Background

There is no scientific evidence that sustaining several concussions
over a sporting career will necessarily result in permanent damage.
Part of the neuromythology surrounding concussion is the “three
strike rule”, namely if an athlete has three concussions then he or she
is ruled out of competition for a period of time. On occasions the
athlete’s sport participation is permanently curtailed. This anecdotal
approach was originally attributed to Quigley in 1945 and
subsequently adopted by Thorndike who suggested that if any athlete
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suffered “three concussions, which involved loss of consciousness for
any period of time, the athlete should be removed from contact sports
for the remainder of the season”.2 This approach has no scientific
validity yet continues to be the anecdotal rationale underpinning
most of the current return to play guidelines. 

The unstated fear behind this approach is that an athlete suffering
repeated concussions would suffer a gradual cognitive decline similar
to the so-called “punch drunk” syndrome or chronic traumatic
encephalopathy seen in boxers.3–5 Based on published evidence, this fear
is largely unfounded and recent developments suggest that the risk of
traumatic encephalopathy in this setting may be largely genetically
based rather than simply a manifestation of repeated concussive injury.6

This issue becomes further confused when well-known athletes
suffering from recurrent head trauma appear in the media or lay press.
In some cases the injuries suffered by such athletes are more severe
than the typical sport related concussive injuries, yet in the minds of
the public no distinction is made. In such injuries, long term
symptoms are not wholly unexpected. In other cases, professional
athletes suffer repeated concussions yet are not banned from sport, as
may be the advice to lesser athletes. Although professional athletes
may be monitored more closely than other sporting participants,
nevertheless the variation in management between elite and
recreational athletes is often seen as hypocritical. In still other cases,
the “post-concussive” symptoms experienced are mostly headache.
This symptom is non-specific and can be the result of a variety of
causes other than concussion.

Much of the concern in relation to the management of repeated
concussive injury relates to the absence of a consensus definition and
severity grading of concussion and to the lack of scientifically valid
management guidelines. Until this central issue is resolved then it is
unlikely that a clear answer to the problem of retirement due to
chronic symptoms will ensue.

Definition of concussion

The recent Vienna concussion conference has provided a new
consensus definition and understanding of sport related concussion.
The new definition incorporates both the historical understanding of
concussion as well as emphasising the functional rather than
structural nature of the injury. This definition states that:

“Concussion is defined as a complex pathophysiological process
affecting the brain, induced by traumatic biomechanical forces.
Several common features that incorporate clinical, pathological, and
biomechanical injury constructs that may be used in defining the
nature of a concussive head injury include the following.
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• Concussion may be caused by a direct blow to the head, face, neck
or elsewhere on the body with an ‘impulsive’ force transmitted to
the head.

• Concussion typically results in the rapid onset of short lived
impairment of neurological function that resolves spontaneously.

• Concussion may result in neuropathological changes but the acute
clinical symptoms largely reflect a functional disturbance rather
than structural injury.

• Concussion results in a graded set of clinical syndromes that may
or may not involve loss of consciousness. Resolution of the clinical
and cognitive symptoms typically follows a sequential course.

• Concussion is typically associated with grossly normal structural
neuroimaging studies.”102

Published guidelines for return to sport
post concussion

Published guidelines recommending termination of all contact
sport following three concussions during the course of an athletic
season need to be considered carefully. In the absence of documented
objective evidence of brain injury, there is no scientific support for
this generalisation. Athletes excluded from competition on such basis
may consider a medico-legal appeal that would be impossible to
defend in a court of law.

There are several anecdotal guidelines available in the literature. As
mentioned above, these are not supported by published scientific
evidence and should be considered management “options” at best.

The main return to sport after repeated concussive injury guidelines
are those published by Cantu8,9 and the Colorado Medical Society.10 The
recent AAN guidelines are derivative of the latter.11 See Tables 5.1, 5.2.

It can be seen that there are many superficial similarities between the
two scale systems. Although the criteria for injury severity differ, the
mandatory requirement is that two Grade 3 injuries or three injuries of
any grade result in termination of the athletes season. Given that a
Cantu Grade 2 is equivalent to a Colorado Grade 3, it can be seen that
the scales give differing recommendations for the same injury.

The physiology of concussion

The effects of diffuse injury to axons and neurones sustained at the
time of head injury may or may not be reversible depending on the
magnitude of the blow. Some authors have suggested that strains
produced by all head injuries result in axonal injury.7,12,13 Recent
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experimental evidence suggests that the pathogenesis of axonal
dysfunction resulting from head trauma is complex.14 Alteration in
axolemmal membrane permeability induced by impact may cause
alterations in ionic flux and exert either direct or indirect effects upon
the axonal cytoskeleton.14 In addition, Hovda et al revealed that a
cascade of neurochemical, ionic, and metabolic changes occurs
following experimental brain injury.15 Most notably, an injury
induced ionic flux across the cell membrane due to the release of the
excitatory amino acids has been shown to increase glycolysis with a
dissociation of metabolism and cerebral blood flow resulting in a state
of metabolic depression.15 Each element of the cascade has a different
time window that may have important implications in both assessing
and treating concussed individuals. 

Although experimental research has enhanced our understanding
of the physiological changes to the brain following severe head

Table 5.1 Return to sport guidelines. Cantu system (adapted from 9)

Severity grade 1st concussion 2nd concussion 3rd concussion

Grade 1 RTP after 1 week if RTP in 2 weeks if Terminate season.
asymptomatic asymptomatic for RTP next season

No LOC, PTA < 30 min at least 1 week if asymptomatic 

Grade 2 RTP after 1 week if Minimum of 1 month Terminate season.
asymptomatic for off sport. RTP if RTP next season

LOC < 5 min, PTA at least 1 week asymptomatic for if asymptomatic
> 30 min at least 1 week.

Consider terminate
season

Grade 3 Minimum of 1 month Terminate season.
off sport. RTP if RTP next season if

LOC > 5 min, asymptomatic for asymptomatic
PTA > 24 hrs at least 1 week

PTA = post traumatic amnesia, LOC = loss of consciousness, RTP = return to play

Table 5.2 Return to sport guidelines. Colorado guidelines (adapted from 10)

Severity grade 1st concussion 2nd concussion 3rd concussion

Grade 1 RTP after 20 mins if RTP if asymptomatic Terminate season.
asymptomatic for at least 1 week RTP next season

No LOC, confusion, if asymptomatic
no amnesia

Grade 2 RTP after a minimum RTP after a minimum Terminate season.
of 1 week with no of 1 month with no RTP next season

No LOC, confusion, symptoms symptoms for at if asymptomatic
amnesia least 1 week

Grade 3 RTP after a minimum Terminate season. Terminate season.
of 2 weeks with RTP next season if RTP next season

LOC no symptoms asymptomatic if asymptomatic 

LOC = loss of consciousness, RTP = return to play
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trauma, there still remains uncertainty as to what is happening to the
brain following minor concussive injuries and in particular, sport
related concussion.

The neuropathology of concussion

The nature of transient loss of cerebral function following a blow to
the head has excited much speculation over the centuries directed as to
whether microscopic neuropathological changes occur or whether other
cerebral pathophysiological processes manifest the clinical symptoms of
concussion. At this stage these important issues remain unresolved. In
general terms, although minor neuropathological changes may occur
following concussive brain injury the clinical symptoms are due to
functional disturbance, presumably at the cell membrane level, rather
than due to any structural injury. This is supported by experimental
evidence demonstrating that mechanical stress can produce a sudden
neuronal depolarisation, followed by a period of nerve cell transmission
failure in the absence of structural injury.7

Human models of concussion are necessarily limited, given that
virtually all cases recover without detectable permanent sequelae. In
the handful of case reports of persons dying from other causes
following brain injury, scattered neuronal cell death may be
demonstrated. The findings however, are generally insufficient to
explain the degree of clinical dysfunction, suggesting the clinical
symptoms are manifest by additional functional cell impairment.

The neuropsychology of concussion

It is only in the past few decades that there has been interest in
studying the neuropsychological consequences of concussion,
particularly those injuries seen in sport. While there is now acceptance
of an organic basis to the problems associated with concussion,
controversy remains regarding the nature of the cognitive deficits as
well as the speed and extent of their recovery.16–28

A range of neuropsychological deficits has been reported after mild
concussive injury. The major areas of deficit include:

• Disturbances of new learning and memory19,20,25,29–35

• Planning and the ability to switch mental ‘set’29,32,34,36

• Reduced attention and speed of information processing.20,21,29,37–46

There have also been isolated reports suggesting that impairments
may be evident on tasks involving visuospatial constructional ability,
language and sensorimotor function.29,32
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Recovery of neuropsychological function
following concussion in sport

In general terms there appears to be clear evidence of
neuropsychological deficits during the first week following mild
concussive injury.20,21,37,40,44,47–50 Variable findings tend to emerge
beyond this time. While ongoing neuropsychological deficits have
been reported by some researchers at one month,30,44,51,52 other
workers have reported normal neuropsychological performance20,38,48

or performance at pre-injury levels by this time.37,40 There are further
discrepancies regarding the extent of recovery at three months
post-injury with some studies reporting complete recovery20,37,38,40,48

whilst other studies report persistent dysfunction.29,52

Beyond this time frame, only limited studies have been performed.
MacFlyn et al reported complete recovery at six months44 and Dikmen
et al by one year.30 Bohnen et al reported that in both symptomatic and
non-symptomatic concussed individuals when tested between one and
three years post-injury that “no overall gross differences on tests of
attention and information processing” exist.53 In contrast, other studies
have reported deficits in attentional and information processing tasks
between nine and twenty-two months post-injury.32,34,54

There are a number of methodological issues that may underlie the
inconsistencies reported between studies including test selection,
different mechanisms of injury and different injury severity. In the
various studies, a wide variation in severity of injury has been included
under the rubric of concussion ranging from no LOC or mild stunning
of the sensorium for a few seconds32,34,37,40,53,55 to periods of PTA for
24 hours or LOC for 20 minutes29,38,44,46 through to cases with PTA of
6 days,22 4 weeks,57 and 4 months45 and loss of consciousness for at least
one week.51 In addition, concussive injuries may result from a number
of different causes such as motor vehicle accidents, sporting injuries,
falls and domestic trauma. This heterogeneity may account for some
of the differences between studies since the magnitude of the head
acceleration forces may differ considerably depending upon the cause.58

With regard to the various neuropsychological test instruments used in
the different studies, a number of methodological issues arise including
test selection, lack of sensitivity of various tests, practice effects,
inadequate identification of pre-morbid characteristics influencing test
results, inconsistent time points for testing, lack of suitable control
groups, small sample sizes and compensation issues.59,60

The post-concussive syndrome

The issue of a constellation of physical and cognitive symptoms
labelled as the post-concussive syndrome (PCS) remains as
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controversial today as when it was first proposed in the 19th century.61

These symptoms may include headache, vertigo, dizziness, nausea,
memory complaints, blurred vision, noise and light sensitivity,
difficulty concentrating, fatigue, depression, sleep disturbance, loss of
appetite, anxiety, incoordination and hallucinations.33,62–64 Two
distinct schools of thought have arisen regarding the pathophysiology
of this condition. The first proposes that the symptoms associated
with PCS are a direct consequence of brain injury,65,66 whilst the
second proposes that the symptoms are functional and represent
psychological or emotional sequelae of the brain injury. The issue of
malingering and compensible litigation is also often proposed as a
mechanism for symptom prolongation.28,67,68

At this time the relative contribution of these two mechanisms
remains unclear.69,70 In general, however PCS is uncommon in most
collision and contact sport situations although relatively few studies
have followed sporting populations for significant lengths of time.
Whether this relates to different impact forces as compared to motor
vehicle crash studies remains speculative.29,30,32,33,37,44,48,49,51,65,71–73

The constellation of symptoms known as the “post-concussive
syndrome” are difficult to anatomically localise and may reflect a global
activation or attentional deficit rather than focal injury. Whether this
may be mediated through alterations in neurotransmitter function
rather than structural neuronal damage is unknown.

The risk of repeat concussions in sport

It has become a widely held belief that having sustained a
concussive injury, that one is then more prone to future concussive
injury. The evidence for this contention is limited at best. In a widely
quoted study by Gerberich et al that involved self reported
questionnaires relating the prior history of head injury in high school
gridiron footballers, an increased risk of subsequent concussions was
reported in players with a past history of concussion.74 Significant
methodological problems flaw this study. Not least is the fact that the
authors included cases of catastrophic brain injury. Furthermore, the
reliability of a self diagnosis of concussion is questionable given that
only 33% of those with loss of consciousness and 12% of those with
other symptoms were medically assessed. The majority of the
diagnoses of “concussion” were made by the coach, other team mates
or by the players themselves.

It would seem obvious that in any collision sport the risk of
concussion is directly proportional to the amount of time playing the
sport. In other words, the more games played the more chance of an
injury occurring. Therefore the likelihood of repeat injury may simply
reflect the level of exposure to injury risk.
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In addition, Gerberich acknowledges that the observed increased
likelihood of concussion could also be explained by a player’s style of
play. The player's risk of injury may be increased by utilising
dangerous game strategies and illegal tackling techniques. Similar
criticisms can also be levelled at another retrospective study where it
was reported that once an initial concussion was sustained, the
probability of incurring a second concussion greatly increases.75

Does repeat concussion result in cumulative damage?

Apart from boxing related head injuries, the most widely cited
studies of the cumulative effects of concussion have studied patients
with injuries sustained in motor vehicle accidents that were severe
enough to warrant presentation to hospital. Generally, concussive
injuries suffered in collision sports such as football involve lesser
degrees of acceleration-deceleration forces than experienced in motor
vehicle accidents.19,21,23,25

Limitations of retrospective studies in concussion, such as the
widely cited motor vehicle accident studies by Gronwall et al include
diagnostic uncertainty, relying on both self reported injury recall as
well as the lack of medically validated injury diagnosis. For example,
some head injuries in the cited studies were retrospectively assessed
up to eight years after their occurrence.19,21,23,25

It is widely acknowledged that boxing carries a high risk of
neurological injury. Boxing, however, should not be considered as a
model for cumulative head injury seen in other sports since it
presents unique risks to the athlete in terms of the frequency of
repetitive head trauma.76–79 Recently, specific genetic abnormalities
have been reported as the major risk factor for the development of
traumatic encephalopathy.3,6

In another series of retrospective studies involving retired
Scandinavian soccer players, cognitive deficits were noted.80–83 In
these studies, significant methodological problems flaw the results.
These problems include the lack of pre-injury data, selection bias, lack
of observer blinding and inadequate control subjects. The authors
conclude that the deficits noted in the former soccer players were
explained by repetitive trauma such as heading the ball. The pattern
of deficits, however, is equally consistent with alcohol related brain
impairment, a confounding variable which was not controlled for. To
date, there has been no replication of these findings by other
independent groups.84–88

In other retrospective studies involving a wide range of traumatic
brain injury, loss of consciousness was associated with evidence of
permanent change in fine motor control.89 The significance of this
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symptom in isolation from other cognitive domains is questionable.
Other studies have suggested that this may be an effect of
environmental factors rather than due to the effect of injury.90 More
recent prospective studies have failed to find any adverse prognostic
features in individuals who suffered a loss of consciousness with their
concussion versus those who did not.32,91,92

There have been few prospective studies of sport related
concussion.37,49,71,93,94 In a study of American gridiron football, the
authors found that while information processing deficits were
evident within 24 hours of injury, neuropsychological function had
returned to normal levels when it was retested within 5 to 10 days
following injury.37 Similar findings were reported in studies of
Australian Rules footballers. Concussive injuries in Australian Rules
football tend to be mild, with neuropsychological performance
returning to pre-injury levels within the first few days following
injury.49,71,93 Similarly, post concussive symptoms such as headache,
nausea, poor concentration and fatigue also resolve within the first
few days post-injury. 

In animal studies of experimental concussion, animals have been
repeatedly concussed 20 to 35 times during the same day and within
a two-hour period. Despite these unusually high numbers of injuries,
no residual or cumulative effect was demonstrated.95

Is there a genetic susceptibility to brain
injury in sports? 

Recent research in boxers has suggested that chronic traumatic
encephalopathy or the so called “punch drunk syndrome” in boxers
may be associated with a particular genetic predisposition. The
apolipoprotein E epsilon-4 gene (ApoE), a susceptibility gene for late
onset familial and sporadic Alzheimer's disease may be associated
with an increased risk of chronic traumatic encephalopathy in
boxers.3,6,96,97 In a non-boxing population, ApoE polymorphism was
significantly associated with death and adverse outcomes following
acute traumatic brain injury as seen in a neurosurgical unit.98 In a
recent prospective study, ApoE genotypes were tested for their ability
to predict days of unconsciousness and functional outcome after
six months.99 There was a strong association demonstrated between
the ApoE allele and poor clinical outcome. 

Furthermore, ApoE-deficient (knockout) mice have been shown to
have memory deficits, neurochemical changes and diminished
recovery from closed head injury when compared to controls.100 It
is suggested that ApoE plays an important role in both neuronal
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repair101 and antioxidant activity100 resulting in ApoE knockout mice
exhibiting an impaired ability to recover from closed head injury.
Although only in the early stages of our understanding of these issues,
the interaction between genetic and environmental factors may be
critical in the development of the post-concussive phenomena or
concussive sequelae.

Return to sport after life threatening head injury

Return to sport following a severe or potentially life threatening
brain injury is controversial and few guidelines exist for the clinician
to follow. There are some situations where the athlete could place
himself at an unacceptably high risk of sustaining further injury and
hence should be counselled against participation in collision sport. In
such situations, common sense should prevail.

Although sports physicians should keep an open mind when
assessing neurological recovery from severe brain injuries nevertheless
it is recommended that at least 12 months pass before such a decision
is contemplated. 

Thoughtful deliberation and analysis of all the available medical
evidence should occur when making such a decision. It is also
recommended that the counsel of a neurologist or neurosurgeon
experienced in sporting head injury management be sought. This is
an important point because a number of individuals who suffer a
moderate to severe TBI may be left with a lack of insight and impaired
judgement over and above their other neurological injuries. This in
turn may make such an individual unreliable in gauging recovery. The
use of neuropsychological assessment as well as information from
family and friends may assist the clinician in his deliberation. The
assessment of cognitive performance and/or clinical symptoms when
fatigued is often useful.

Return to collision sport is relatively contraindicated in almost any
situation where surgical craniotomy is performed. In such situations,
the subarachnoid space is traumatised, thus setting up scarring of the
pia-arachnoid of the brain to the dura with both loss of the normal
cushioning effect of the CSF and vascular adhesions which may
subsequently bleed if torn during head impact. Even if neurologic
recovery is complete, a craniotomy for anything other than an
extradural haematoma effectively precludes return to collision sport.

With an epidural haematoma without brain injury or other
condition where surgery is not required, return to sport may be
contemplated in selected cases as per the discussion above after a
minimum of 12 months assuming neurologic recovery is complete.
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Box 5.1 Conditions contraindicating return to contact
sport (adapted from 8)

Persistent post-concussional or post-injury symptoms
Permanent neurological sequelae – hemiplegia, visual deficit, dementia or
cognitive impairment
Hydrocephalus with or without shunting
Spontaneous subarachnoid haemorrhage from any cause
Symptomatic neurologic or pain producing abnormalities about the foramen
magnum
Craniotomy for evacuation of intracerebral or subdural haematoma

Conclusion

Who should retire following recurrent concussive injury? It seems
self evident that athletes with persistent cognitive or neurological
symptoms should be withheld from collision sport until such time as
their symptoms fully resolve. Following more severe brain injury,
persistent neurological deficit or symptoms, the history of a
craniotomy or intracranial surgery, and spontaneous subarachnoid
haemorrhage should preclude further participation.

In the setting of repeated uncomplicated concussive injury with full
recovery following each episode, the situation is somewhat confused.
Although published guidelines exist they do not have any scientific
validity and should be seen only as anecdotal “suggestions” for the
clinician. It is the author’s practice in professional sport to routinely
perform neuropsychological testing on all athletes preseason and
serially following concussive injury. More importantly, no athlete
returns to sport until he is symptom free and has returned to his
neuropsychological baseline performance. In the 16-year time frame
since such management strategies have become routine in elite
Australian football, no athlete has been retired because of chronic
neurological or cognitive symptoms. Given that the incidence of
concussion in this sport is 16 times that of American football this
record speaks for itself.

The central issue relates to the nature of the injury. Whilst there is
no doubt that severe concussion with persistent symptoms occurs, the
typical concussive injury recovers quickly and the player returns to
sport without difficulty. In this setting, the scientific evidence that
sustaining a number of concussions over the course of a season or
over a career causing chronic neurological dysfunction, is non-
existent. Clinicians should be aware of the neuromythology
surrounding this issue and manage their patients on evidence-based
guidelines or if they are lacking, good common sense. 
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Key messages

1 No evidence-based guidelines (Level C) exist in regard to return to sport
after repeated concussions.

2 Persistent neurological symptoms or cognitive impairment should preclude
return to sport. However, once resolved, there is no evidence that an
athlete is at risk of long-term sequelae from concussive injury.

Case studies

Case study 5.1

An Australian Rules footballer gives a history of sustaining one to two episodes
of concussion with loss of consciousness as well as four to five minor (no LOC)
concussions per season. Despite this he has no ongoing symptoms or
neurological signs. Following each episode he is withheld from sport until he is
symptom free and his neuropsychological testing has returned to baseline.
Over his eight-year professional career, no decrement in cognitive performance
is noted. His neuroimaging studies are normal and his ApoE4 status is negative
(i.e. heterozygous allele). Despite the history of multiple concussions, there is
no evidence of ongoing or permanent neurological injury.

Sample examination questions

Multiple choice questions (answers on p 561)

1 In athletes, the presence of an ApoE4 phenotype (4/4) has been
demonstrated to:

A Confer a worse prognosis following moderate to severe brain
injury

B Be associated with chronic traumatic encephalopathy (“punch
drunk syndrome”)

C Be associated with a poorer neuropsychological performance
on post-injury assessment

D Be associated with persistent post-concussive symptoms
E Be associated with a long-term risk of sporadic Alzheimer’s

disease

2 Contraindications for return to sport following severe traumatic
brain injury include:

A Persistent post concussional or post injury symptoms
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B Permanent neurological sequelae – hemiplegia, visual deficit,
dementia or cognitive impairment

C Craniotomy for evacuation of intracerebral or subdural
haematoma

D Spontaneous subarachnoid haemorrhage from any cause
E Symptomatic abnormalities about the foramen magnum

3 The common neuropsychological deficits noted following acute
concussive injury in sport include:

A Disturbances of new learning and memory 
B Reduced ability to switch mental “set” 
C Reduced speed of information processing 
D Impairment in visuospatial constructional ability
E Language disturbance

Essay questions

1 A 30-year-old professional American football quarterback suffers
his 10th concussion of his career during a mid-season game. His
team is due to make the play offs and his presence is crucial for
the success of the team. How would you monitor his recovery and
determine whether he should return to play?

2 A rugby player suffers a severe head injury in a fight at a club one
evening. As a result, he is taken to the regional neurosurgical
centre where a craniotomy for intracranial pressure control is
required. He recovers and the skull defect is closed successfully.
He comes to see you for advice on return to play. His GCS is 15
and he has no focal neurological signs. How do you approach the
problem and what advice would you give?

3 A 24-year-old professional soccer player sees you because of
persistent headaches from “heading” the ball. He is worried that
repeated heading may cause him to be “punch drunk” in later life.
What advice do you give him? Are there any tests that could assist
you in advising him?
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6: What recommendations
should be made concerning
exercising with a fever
and/or acute infection?
CHRISTOPHER A McGREW, RONICA MARTINEZ

Introduction 

Clinicians commonly face difficult decisions concerning what
recommendations to make to athletes with respect to fever and/or
acute infectious diseases. Many of these athletes are reluctant to alter
their training schedules or face external pressures from coaches and
team members. For the most part these common conditions have
limited importance with respect to long-term health, however, for
exercising athletes, there are several immediate concerns ranging
from potential impairment of performance to catastrophes including
sudden death. 

Upper respiratory infections, infectious mononucleosis,
myocarditis and hepatitis are some of the specific entities that will be
addressed in this chapter. Emphasis will be placed on what
recommendations to make to athletes concerning exercising while
acutely ill and when to return to practice and/or competition. 

Methods

Computerised bibliographic database (Medline) was searched from
the earliest date until July 2001 using a combination of the following
key words along with Medline subject headings (MeSH). Relevant
articles were also retrieved from reference lists of pertinent review
articles.

Key words: 

• exercise
• physical training
• fever, infection
• metabolism
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• acute phase response
• viral myocarditis
• infectious mononucleosis
• hepatitis
• gastroenteritis
• respiratory infections
• sudden death.

Fever and/or acute infectious disease – general
considerations

Fever is defined as 38° Celsius or higher oral or rectal temperature.
It is associated with acute and chronic infections, muscle trauma,
neoplasms, heat related illness, prolonged exercise and some
medications. It is difficult to different some of the effects of fever from
the effects of the condition causing it; however, in general, it is
recognised that fever impairs muscle strength,1 mental cognition and
pulmonary perfusion. Additionally fever increases insensible fluid loss
and increases overall systemic metabolism.2 These factors alone or in
combination are potentially detrimental to athletic performance.
Additionally, decreased muscle strength could be seen as a potential
factor for increased risk of injury although there are no studies to
support this theory.

The aerobic exercise capacity, as determined from submaximal
exercise studies, is decreased during fever. On the other hand, the
observed maximal oxygen uptake has been shown to be unaffected
during short lasting, experimental pyrogen induced fever as well as in
conditions of thermal dehydration. There do not appear to be any
studies where maximal oxygen uptake has been measured during
ongoing infection and fever (most likely for ethical reasons).
Therefore, the rate and magnitude of decrease of the maximal aerobic
power during ongoing febrile infections in humans is unknown.3

Acute infections are associated with a variety of immune system
responses that are triggered by cytokines and are correlated to fever,
malaise and anorexia along with other signs and symptoms. Acute
viral illness can potentially hinder exercise capabilities by affecting
multiple body systems, including cardiac, pulmonary, muscular, fluid
status, and temperature regulation.4–7 Heir et al examined the
influence of respiratory tract infection and bronchial responsiveness
in elite cross country skiers compared with inactive controls. The
study found that on a methacholine challenge test, there was a
transient increase in bronchial responsiveness in athletes who
undertook physical exercise during the symptomatic period of their
respiratory tract infections, but not in the inactive controls. The



Exercising with a fever and/or acute infection

85

authors concluded that exercise during the symptomatic period of
respiratory illness many intensify or generate mechanisms leading to
enhanced bronchial responsiveness, or asthma.8

Muscle protein catabolism, tissue wasting and negative nitrogen
balance all may occur with acute infection. Skeletal muscle is the
source of most of the amino acids that are released, but the heart
muscle also contributes.9 A large percentage of these amino acids are
taken up by the liver and utilised for new synthesis of acute phase
proteins participating in the fight against the infection along with
energy production through gluconeogenesis. After the resolution of
fever and other signs of active infection, the muscle protein is
gradually replenished. The time required for replacement is related to
the amount of the accumulated nitrogen loss. In general, the time for
replenishment may be 4–5 times the length of the acute illness. This
is also known as the muscle convalescence period.10 It should also be
recalled that exercise during an acute viral illness may also be a risk
factor for rhabdomyolyis.11,12

Recommendations
Given all of the above potential detrimental effects, it has seemed

logical to some authors that exercising/training for sport during an
acute infection would impart fewer fitness gains than while working
out while healthy,13 however, there are no studies to confirm this
supposition. Although unstudied, an intuitive “neck check” approach
is attractive. 

• If the patient has symptoms above the neck such as nasal
congestion, runny nose, and sore throat, then he or she can
probably continue to exercise at a “reduced” level of intensity.

• If the patient has symptoms below the neck, such as chest
congestion, hacking cough, fever, or chills, then abstinence from
exercise (particularly intense exercise) is recommended.13

Additionally, there should be a distinction made between the
various types of sport, as well as types of training for a sport, and
competition. For example training for American football may involve
2–4 hour sessions of continuous activity at a high work load. On the
other hand playing in a football game may only require 10–15 minutes
of actual true playing time for a “first string” player given the limited
time actually spent playing compared to the amount of time in the
huddle or off the field while the offense and defense are switched.
Soccer, in contrast to American football, does not have these built in
“down times” – it is a continuous game and a player may not stop
moving for 45 minutes. Also, the time of day or year may make a
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difference with respect to heat injury susceptibility when the athlete
has a fever. Many of the sports have specific skills practice that might
not be totally incompatible with having a fever, for example baseball
batting practice or putting in golf. Obviously, most athletes with fever
and systemic symptoms from acute infections will probably not feel
like doing most training activities. However, understanding the
specific activity is essential to making recommendations to the athletes
who are inclined to do some training, as to what they should and
should not do during an acute illness. 

Myocarditis

Myocarditis is an inflammatory condition of the myocardial wall.
Most acute infectious myocarditis is caused by viruses with
coxsackievirus B the most common agent, although numerous other
viruses have been implicated. Myocarditis is a rare cause of reported
sudden death in athletes where a diagnosis is made.14 Coxsackie
infections usually occur in epidemics, most often in summer and
early autumn. Animal data suggest that exercise during
experimentally induced septicaemic viral infections may increase the
risk for the development of acute myocarditis.15,16 No such studies
have been performed in humans. As usual, the degree to which
animal data can be transferred to humans is unclear.

Systemic signs and symptoms at the time of a typical viral infection
can include fever, headache, myalgia, respiratory/gastrointestinal
distress, exanthem and lymphadenopathy. Less frequent, but still
possible are splenomegaly, meningitis, and hepatitis. Typically,
symptoms are mild and non-specific. There are no clinical predictors
for which patients with these symptoms are likely to develop
myocarditis. Additionally, no clear historical or physical findings can
confirm the early diagnosis of myocardial involvement, although
retrospectively, myalgia may be a significant clue. A typical clinical
picture of myocarditis consists of fatigue, chest pain, dyspnea and
palpitations, yet except for palpitations, one might have these same
symptoms with the acute phase of a general, systemic viral illness. In
myocarditis, however, these manifestations rarely occur at the height
of the infectious illness, but instead become evident during the
convalescent phase if the acute systemic viral illness subsides. Not all
patients who are diagnosed with viral myocarditis recall having a viral
illness. Additionally, the majority of myocarditis episodes are
subclinical (i.e. the patient is asymptomatic). In the face of all these
non-specific scenarios, one can certainly appreciate the incredible
difficulty in management decisions for the clinician, especially one
dealing with teams/institutions where numerous athletes present in a
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short period of time with non-specific acute infections. There is no
research that can offer clear evidence-based guidelines about exercise
during viral infections. For the time being the clinician’s advice to
athletes with an acute, non-specific infection will be dependent on
common sense and collaboration with the athlete.

Return to activity with myocarditis
Presently, there are no clinically accurate predictors of sudden death

risk in patients with myocarditis.17 The 26th Bethesda Conference
made the following recommendations for the athlete in regard to
return to activity.18

• The athlete should be withdrawn from all competitive sports and
undergo a prudent convalescent period of about 6 months after
the onset of clinical manifestations (prudent is not defined). Before
the athlete may return to competitive athletic training, an
evaluation of cardiac status should be undertaken, including
assessment of ventricular function at rest and with exercise.

• An athlete should be allowed to return to competition when
ventricular function and also cardiac dimensions have returned to
normal, and clinically relevant arrhythmias are absent on
ambulatory monitoring.

• Sufficient clinical data are not available to justify a strong
recommendation to perform endomyocardial biopsy as a
precondition for return to athletic competition after the proposed
6-month period of deconditioning. The role of invasive
electrophysiologic testing in assessing the eligibility of athletes
with myocarditis remains to be defined.

Viral Hepatitis

Acute infections with viral hepatitis are predominantly caused by
one of five viruses (A, B, C, D and E). Viral hepatitis can present as a
broad spectrum of clinical syndromes ranging from asymptomatic
disease to fulminant and fatal acute infections. (Chronic infections
are not discussed in this chapter.) Common presenting symptoms of
acute hepatitis include anorexia, nausea, myalgia and fatigue. These
symptoms typically develop seven to fourteen days before the onset
of jaundice. Other common symptoms include headache, arthralgias
and, in children, diarrhoea. These symptoms are virtually the same in
all forms of acute hepatitis no matter what the cause. Symptoms will
persist for a few weeks.

Hepatitis A is usually self limited and does not result in a chronic
carrier state or cirrhosis. Progression to chronic hepatitis is primarily
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a feature of HBV, HCV and HDV. One of the most feared complications
of acute hepatitis is fulminant hepatitis which has a very high
mortality rate. It is primarily seen in adults infected with hepatitis B,
D, and E and only rarely occurs in A and C.

Acute liver insult with viral hepatitis predisposes to hypoglycemia
and altered lipid metabolism compromising energy availability
during exercise. Additionally, liver dysfunction results in altered
protein synthesis and metabolism which cause a variety of
physiologic disturbances including coagulopathy and hormonal
imbalances. 

It has been shown that exercise can significantly alter the
haemodynamics of the liver in normal subjects. One study
demonstrated decreases in portal vein cross sectional area, portal
venous velocity and flow. The decreases were transient and
completely reversible. No problems were noted in normal subjects,
but theoretically these changes could cause complications in subjects
with liver dysfunction associated with acute hepatitis.19 Given the
above parameters including fatigue symptoms, altered physiology and
the potential for fulminant complications, the traditional
recommendation for the athlete with acute hepatitis to comply with
a regimen of rest and refraining from exertion seems intuitively
reasonable.20,21 However, experience from several studies challenges
this conservative approach.22–25

Recommendations
When should the athlete return to training and competition after

acute viral hepatitis? Available data suggest that exercise can be safely
permitted as tolerated in the previously healthy individual with an
episode of acute viral hepatitis. This training should be guided by the
clinical condition of the patient. This approach is consistent with
position statements/guidelines from the Medical Society for Sports
Medicine, the American Orthopedic Society for Sports Medicine and
the American Academy of Pediatrics.26,27 There is no data that address
exercise training at an extreme exertion or competitive level. It seems
prudent to avoid extreme exercise and competition until liver tests are
normal and hepatomegaly (if present) resolves. 

Infectious Mononucleosis 

Infectious mononucleosis (glandular fever) is caused by the
Epstein-Barr virus (EBV) and is characterised by a variety of symptoms
and signs which occur to varying degrees and are summarised in
the box overleaf.28
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Box 6.1 Clinical manifestations of infectious mononucleosis

Moderate to severe sore throat (frequent)
Tonsillar enlargement (frequent)
Exudative tonsillopharyngitis (frequent)
Lymphadenopathy (frequent)
Moderate fever (frequent)
Palpable splenomegaly (frequent)
Headache (frequent)
Soft palate petechiae (less frequent)
Periorbital oedema (infrequent)
Myalgia (infrequent)
Jaundice (unusual)

Diagnosis of infectious mononucleosis is made by taking into
account the clinical picture along with peripheral blood examination
and serology for EBV. Once the diagnosis is made, return to play
considerations are related to the general condition of the athlete and
concerns about complications. The spectrum of patient responses to
this illness ranges widely; many have significant malaise, weakness
and inablility to perform hard physical exertion – obviously their
activities will be self restricted. In contrast, around 50% of EBV
infections occur prior to adolescence and are generally mild and do
not prompt a visit to a healthcare provider.29

Welch et al examined the aerobic capacity after the subject had
contracted infectious mononucleosis. The authors studied 16 cadets
at the United States Military Academy who were recovering from
infectious mononucleosis. The aerobic capacity was determined at the
point at which the subjects became afebrile. (VO2max approximately
60 ml/kg/min for males and 50 ml/kg/min for females) Nine of the
cadets were allowed to do a low intensity exercise programme for two
weeks while the other seven remained inactive. After two weeks all
were allowed to exercise ad lib. Aerobic capacity was remeasured at
this time and no differences between groups were found. Additionally,
no detrimental effects were found in either group. The authors
concluded that athletes recovering from infectious mononucleosis
could begin a non-contact exercise programme as soon as they
become afebrile.30 Another study suggested that athletes recover faster
than other students, although the finding was not considered
significant because of the small sample size.31

The more difficult questions about the management of athletes
with infectious mononucleosis involve issues concerning potential
complications which are relatively infrequent. Although EBV affects
most organ systems, complications occur in less than 5% of cases.32

Since some of these complications have potential catastrophic
outcomes, they should be considered when decisions for each athlete
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are made. It is important to note however that, with the possible
exception of splenic rupture, there is no evidence that significant
complications are either triggered by exercise or more common in
those who exercise as tolerated during and after the symptomatic
phase of the disease.28

Splenic involvement with infectious mononucleosis and potential
rupture is the primary concern for most clinicians. Splenic rupture
occurs in 0⋅1% to 0⋅5% of cases and almost all cases of splenic rupture
occur within the first three weeks from the onset of illness (not from
when it was diagnosed).33 Another point to consider is that splenic
rupture usually occurs with routine daily activity such as lifting,
bending, and straining at defecation, not associated with direct
trauma and/or sports activity. Although for many it seems intuitive
that they go hand in hand, it is not clear what is the connection
between splenomegaly and splenic rupture. A more logical assumption
about the reason for splenic rupture being most likely to occur during
this first few weeks of illness is that this is the time period where the
organ is undergoing profuse lymphocyte infiltration. This stretches
and weakens the capsule and supporting architecture of the spleen
(which puts it in a “fragile state”)34 and this may be more of a
causative factor than the enlargement itself. Given this assorted
information, it seems that the finding of splenomegaly after three
to four weeks from the onset of illness would not appear to be a
strong reason for delaying return to play, yet concerns about the
vulnerability of an enlarged spleen still remain. 

Another interesting point is that it is not clear from the literature if
splenomegaly is associated with all cases of splenic rupture, i.e. do
non-enlarged spleens rupture? Further confounding the issue is that
palpable splenomegaly is present in approximately 50–75% of the
cases, but ultrasound imaging documents enlargement in more cases
than are apparent with clinical exam.35 The clinical significance of
this finding is difficult to assess and there is no specific evidence to either
definitively support or refute the use of ultrasound assessment of spleen size
in the management of mononucleosis in athletes. Corticosteroids may be
helpful with some complications (for example airway obstruction,
haemolytic anaemia, thrombocytopenia, and neurologic disorders)
but is not thought to reduce splenic size.36

Recommendations
There does not appear to be any indication that exercise, carried

on within self limits, adversely affects the outcome of infectious
mononucleosis. Restrictions based on systemic symptoms would be
similar to those previously mentioned for general viral infections/
fever, again with the caveat that there is very little evidence published
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to support or contradict those recommendations. Fatigue will
probably be the most common problem for the athlete and with a
wide spectrum on how it presents. Some athletes will be completely
unable to train while others may have only a mild drop off in
performance. Obviously, management must be tailored to each case.

Since splenic rupture usually occurs in the first three weeks, a
prudent course to follow could be to use relative restriction during
that time – this could include avoidance of resistance training or
other training that requires a strong Valsalva as well as avoidance
of contact activities. This would avoid the potential implication of
sport/exercise as the causative factor, which might have more
importance as a medicolegal issue than as a preventative issue, since
almost all cases of splenic rupture associated with mononucleosis are
spontaneous and no specific cases of spleen rupture associated with
mononucleosis and sports participation have been published in the
literature. The American Academy of Pediatricians has recommended
that “a patient with an acutely enlarged spleen should avoid all sports
because of risk of rupture. A patient with a chronically enlarged
spleen needs individual assessment before playing collision, contact
or limited contact sports”.37 (In the document making this
recommendation there is no specific reference or data presented that
specifically support this recommendation.) If a clinician chooses to
use spleen enlargement as a criteria for return to play, there are no clear-
cut guidelines on whether to use palpation or an imaging technique
(for example ultrasound) as the point of reference. If the patient is
well past three to four weeks into the illness (past the point of
virtually all splenic ruptures) and still has splenic enlargement, it is
not known whether extra protection (for example a “flak jacket”)
would be useful in such cases. (This possibility is raised because one
of the main clinical points about assessing the size of the spleen on
physical examination is a determination of whether or not it is
palpable beyond the rib cage. As stated before, the spleen can be
enlarged without being able to palpate it. Determination of return to
play has been based by some authors on criteria of not being able to
palpate the spleen. This would imply the ribcage can adequately
protect an enlarged spleen from trauma if the enlarged spleen is still
“under cover”. There is no specific evidence for or against this
assumption.)38

In the case of an athlete with splenic rupture (whether or not it is
associated with mononucleosis and whether or not it is associated
with trauma, sports or otherwise), urgent splenectomy has been
suggested as a pragmatic approach.28 Non-operative treatment of
splenic rupture39 would delay return to athletic activity for up to six
months in contrast to the usual return to full activity four to eight
weeks post-splenectomy. This is certainly an issue that must be
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carefully discussed with the athlete and careful patient selection is
essential.

Conclusions

Unfortunately, there is not a large amount of published evidence-
based medicine data for making return to play decisions for most
infections/febrile illnesses. There are uncountable episodes of these
illnesses on a daily basis occurring in people performing at a high
level of physical exertion while at home, at their jobs or while
involved in recreational and competitive sports. Despite this huge
population exposure, catastrophic complications are rare and could
even be described as random. However, when such catastrophes occur,
they cause a great deal of distress for all those involved along with a
ripple effect of medicolegal implications. For now, we depend on
limited research and anecdotal data, along with a large dose of what
appears to be “cautious common sense” in making recommendations
to patients on when to return to play. For the foreseeable future, this
is as good as it gets. 

Case studies

Case study 6.1

Sam is a 15-year-old wrestler who became ill 24 hours ago. He has a
temperature of 39·5° Celsius along with myalgias, chills, sinus congestion,
sore throat, nausea and vomiting. The regional championships are tomorrow.
What are the return to play issues for this athlete?

Case study 6.2

Sarah is a 22-year-old college student who within the last three months has had
two body piercings and three tattoos. Within the last week she has been feeling
fatigued, along with experiencing nausea, anorexia, headache, myalgias and
right upper abdominal discomfort. She is going out of town tomorrow for a
three-day ultimate Frisbee tournament. What recommendations can you make
to this patient concerning participating in this event ?

Case study 6.3

John is a 17-year-old football player with a girlfriend with infectious
mononucleosis (diagnosed two months ago). He presents with moderate
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fatigue of two week’s duration, sore throat, cervical adenopathy and a
palpable spleen. His monospot is positive. The last game of the season is five
days from now. Should this athlete be cleared to play for this final game ?

Sample examination questions

Multiple choice questions (answers on p 561)

1 Fever is usually associated with all of the following except:

A increased sweating
B decreased heart rate
C increased respiration
D increased susceptibility to heat injury
E decreased performance 

2 Acute viral hepatitis can be associated with which of the following:

A hypoglycemia
B altered lipid metabolism
C fatigue
D myalgias
E all of the above 

3 The most common return to play issue for the athlete with
infectious mononucleosis concerns

A Spleen enlargement
B Encephalitis
C Lympadenopathy
D Airway Obstruction
E Rash
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7: Does stretching help
prevent injuries?
IAN SHRIER

Introduction

Over the past 30 years, sport medicine professionals have promoted
stretching as a way to decrease the risk of injury.1–6 Two potential
mechanisms are often proposed by which stretching could decrease
injury: a direct decrease in muscle stiffness via changes in passive
visco-elastic properties, or an indirect decrease in muscle stiffness via
reflex muscle inhibition and consequent changes in visco-elastic
properties due to decreased actin-myosin cross bridges. These changes
in muscle stiffness would allow for an increased range of motion
(ROM) around a joint (i.e. “flexibility”*), which is believed to decrease
the risk of injury. 

Despite these claims, new research has challenged some of these
concepts. First, stretching must be differentiated from range of
motion. There are many individuals who have excellent range of
motion but never stretch, and many individuals who stretch but
continue to have limited range of motion. Therefore, different injury
rates in people with different ranges of motion may not be related to
the effect of stretching but rather occur because of underlying
variations in tissue properties (for example strength), anatomy, etc. To
understand the specific effect of stretching, then one should limit the
review to studies that directly look at that intervention. 

Second, stretching immediately before exercise may have different
effects than stretching at other times. These should be considered
separate interventions, and completely different from studies on
flexibility. Whereas there is a considerable amount of clinical data
on stretching immediately before exercise, there is much less data on
stretching at other times.

* Within this paper, I will use the term flexibility as a synonym for range of motion
(ROM) because that is the common use of the term by clinicians. However, the reader
should realise that “flexibility” has other meanings in other domains, and is often used
as a synonym for compliance, i.e. the ease with which the shape of a material can be
deformed as in “a piece of metal is flexible if you can bend it easily”. Mathematically,
compliance is the reciprocal of stiffness, and is equal to change in length produced by
a given force.
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Third, to decrease the risk of injury, one must either increase the
stress a tissue can absorb, or decrease the stress applied to the tissue.
Stretching may decrease the stress applied to a tissue both locally (i.e.
decrease the risk of injury to the muscle being stretched) and at a
distance from the muscle being stretched (i.e. decrease the risk of
injury to a muscle or joint that is not being stretched). One example
of a distant effect is that stretching the hamstring muscles may
decrease the stress on the low back during toe touching. This is
because toe touching is achieved through both hip and lumbar
flexion. If hip flexion is limited because of stiff hamstrings, then more
motion must come from, and more stress must be applied to the
lumbar spine to achieve the same range of motion. 

In this chapter, I will first review new findings that have changed
our understanding of what stretching actually does to muscle. This
will include changes at the level of the whole muscle (for example
compliance) and at the level of the myofiber. Next, I will review the
clinical evidence surrounding the protective effect of stretching both
immediately before exercise, and at other times. Finally, I will then
review some of the basic science evidence to see whether it supports
or contradicts the clinical evidence. The use of stretching as
performance enhancement will not be discussed.

Physiology of stretching

Immediate effects

Stretching is believed to increase the range of motion around a joint
through decreases in visco-elasticity and increases in compliance of
muscle. What is compliance and visco-elasticity? Compliance is the
reciprocal of stiffness and, mathematically, it is equal to the length
change that occurs in a tissue divided by the force applied to achieve
the change in length. A tissue that is easy to stretch is compliant
because it lengthens with very little force. Visco-elasticity refers to the
presence of both elastic behaviour and viscous behaviour. An elastic
substance will exhibit a change in length for a given force, and will
return to its original length immediately upon release (for example a
regular store bought elastic). The effect is not dependent on time.
However, a viscous substance exhibits flow and movement (for
example molasses), which is dependent on time.7 Experimentally,
viscous behaviour produces “creep” if the force is held constant (i.e.
the length continues to increase slowly even though the applied force
is constant) or “stretch relaxation” if the length is held constant (i.e.
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the force on the tissue decreases if the tissue is stretched and then
held at a fixed length). When the force is removed, the substance
slowly returns to its original length. This is different from plastic
deformation in which the material remains permanently elongated
even after the force is removed (for example plastic bag7). The reader
should note that stretching affects tendons and other connective
tissue in addition to muscle. However, within the context of normal
stretching, the stiffness of a muscle-tendon unit is mostly related to
the least stiff section (i.e. resting muscle) and is minimally affected by
the stiffness of tendons. 

Stretching appears to affect the visco-elastic behaviour of muscle
and tendon, but the duration of the effect appears short. In one study,
canine gastrocnemius muscle was repeatedly stretched to a fixed
length and the force measured. The force required to produce the
length change declined over 10 repetitions and was fairly stable after
four stretches.8 The authors did not measure how long the effect lasted.
In humans, Magnusson originally found that increased ROM was lost
by 60 minutes if the subjects remained at rest after stretching. Because
they did not take measurements at intervals, the effect could have
lasted anywhere from 1–60 min.9 In a later study designed to further
narrow the interval for the effect, the same group found that the
increased ROM lasted less than 30 minutes even if the person warmed
up prior to the stretch and continued to exercise.10 More studies are
needed to see exactly how long the effect does last, for example 1 min,
5 min, 15 min, etc.

As one observes the people around them, it becomes clear that
some people are naturally flexible even though they never stretch,
whereas others remain inflexible no matter what they do. The effect
of stretching also appears to be individual specific and muscle
specific. For instance, within every study, some individuals have large
increases in range of motion with stretching whereas others do not,
both in animal8 and human studies.11,12 In addition, stretching
appears less effective in increasing hip external rotation and
abduction compared to hip flexion.13 If true, the optimal duration and
frequency for stretching may be different for different muscle groups.
This appears logical given that different muscles have different
temperatures (superficial muscles are colder than deep muscles) and
different amounts of pennation (i.e. angle of sarcomeres to the
direction of force when the muscle contracts, for example
gastrocnemius muscle). More research is needed on which variables
are responsible (and to what degree) for the variation observed in
response to stretching protocols.

Stretching also appears to increase the pain threshold during a
muscle stretch, i.e. it acts like an analgesic.14–16 In these series of
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studies, subjects’ muscles were stretched until they felt pain, and the
stretch stopped. After the subjects stretched, the expected increased
ROM before pain was felt was associated with both an increased
length and force across the muscle. Had the increased ROM been
limited to visco-elastic changes, the muscle length would have
increased but the force applied would have been less or unchanged.
The only explanation for an increase in force before pain is felt is that
stretching acts like an analgesic. Finally, the analgesia is at least
partially due to the effects at the spinal cord or cerebral level because
during unilateral proprioneurofacilatory (PNF) stretching, the range
of motion in the non-stretched leg also increases.

PNF stretching is also an interesting example of how myths can be
propagated within the medical literature. When it was first proposed
in the early 1970s, PNF techniques were based upon the basic science
finding that stretching/activity of the antagonist muscle creates
reciprocal inhibition of the agonist muscle.17 When tested, PNF
techniques were indeed shown to increase ROM more than static
stretching. However, these initial studies did not measure muscle
activity so the reason for the increased ROM was not known. In fact,
when EMG was recorded in 1979, the reciprocal inhibition theory was
disproved.18 Although these results have been confirmed more
recently,15,19,20 the myth of reciprocal inhibition continues to be
promoted in textbooks and the medical literature. In fact, muscles are
electrically silent during normal stretches until the end ROM is
neared. Surprisingly, PNF techniques actually increase the electrical
activity of the muscle during the stretch,18–20 even though the range
of motion is increased.15,18,21 This suggests that:

• PNF stretching is associated with a more pronounced analgesic
effect

• the muscle is actually undergoing an eccentric contraction during
a “PNF stretch”. 

Although stretching may affect the visco-elastic properties of
resting muscle, it does not affect the compliance of active muscle.
Compliance of resting muscle is almost exclusively due to the muscle
cytoskeleton22,23 whereas compliance of active muscle is directly
dependent on the number of active actin-myosin cross bridges.24–27

Because injuries are believed to occur when the muscle is active (i.e.
during eccentric contractions),28 compliance during activity should be
more important than compliance at rest. 

In summary, stretching decreases visco-elasticity of muscle for less
than 30 min, and the increased ROM is at least partially due to an
analgesic effect mediated at the level of the spinal cord or higher.



Long-term effects

Although the immediate effects of a single stretching session
produce a decrease in visco-elasticity and an increase in stretch
tolerance, the effect of stretching over 3–4 weeks appears to affect
only stretch tolerance with no change in visco-elasticity.21,29 In this
case, a second explanation for the increased stretch tolerance besides
an analgesic effect is possible; regular stretching may induce muscle
hypertrophy. 

Animal research has shown that muscles that are stretched for
24 hours per day for several days will actually increase in cross
sectional area (or decrease in cross sectional area less than if casted
without stretch) even though they are not contracting.30–32 This is
known as stretch induced hypertrophy. These studies all used
cast immobilisation30,32 or weights to continuously stretch the muscle
24 hours/day over 3–30 days.31 This is of course very different from
human stretching programmes that involve stretching for only
30–60 sec/day for any particular muscle group. Still, if the shorter
duration human stretches are continued over months, there remains
the possibility that some hypertrophy will occur.

If stretch induced hypertrophy does occur, it should be associated
with an increase in stiffness because of the increased muscle cross
sectional area. For example, the stiffness of an elastic band doubles if
you double the cross sectional of an elastic band by folding it upon
itself, even though the elastic itself has not changed. Therefore, a
thicker muscle should also be stiffer. However, the stiffness of human
muscles does not change over time with stretching.21,29 Therefore, if
stretch induced hypertrophy is occurring in this situation, then there
must be associated changes in the visco-elastic properties of the
individual muscle fibers to explain the lack of increase in whole
muscle visco-elasticity. Much more research is needed to answer these
questions.

Does stretching immediately before exercise
prevent injury?

Methods

The Medline database was searched for all clinical articles related
to stretching and injury using the strategy outlined in Table 7.1. All
titles were scanned and the abstracts of any potentially relevant
articles were retrieved for review. All studies that used stretching as an
intervention, included a comparison group, and had some form of
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injury risk as an outcome were included for this analysis. In addition,
all pertinent articles from the bibliographies of these papers were also
reviewed. Finally, a Citation Search was performed on the key articles. 

Results

Every study has limitations. This does not usually invalidate the
research but only limits the interpretation of the study. This chapter
summarises the main weaknesses of the studies and illustrates how
the data can still be interpreted for clinical usefulness.

Of the 293 articles retrieved from the search, only 14 articles used a
control group to analyse whether pre-exercise stretching prevents
injury and all were included in this analysis. Of these, five articles
suggested it is beneficial (Table 7.2),33–37 three articles suggested it is
detrimental (Table 7.3),38–40 and six articles suggested no difference
(Table 7.3).41–46

Figure 7.1 shows the relative risks or odds ratios (with 95% CI) for
all the prospective studies. A close examination of these studies
suggests that the clinical evidence does not support the hypothesis
that stretching before exercise prevents injury. 

Positive studies
When grouped together, three of the five studies that showed a

positive effect actually evaluated a complete programme that included
many co-interventions in addition to stretching and the remaining two
studies were very weak methodologically. For example, Ekstrand et al
found that elite soccer teams that were part of an experimental group
(pre-exercise warm-up, leg guards, special shoes, taping ankles,
controlled rehabilitation, education, and close supervision) had 75%
fewer injuries compared to the control group of soccer teams.37

Table 7.1 Medline Search Strategy using a PubMed Search engine, which
searches all fields including Medline Subject Headings (MeSH) and
textwords (tw) between 1996 and the present. Textword strategy will retrieve
any article which includes the word in the title, or abstract (if abstract is
included in Medline). The symbol “*” in the search acts as a wildcard for
any text

Item Search Results

1 stretch* 21 984
2 sprain OR strain OR injur* 488 228
3 sport OR athlet* OR activ* 760 034
4 1 AND 2 AND 3 (limited to human studies) 293
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However, it is impossible to determine which of the interventions
might be responsible for the decrease in injury rates. In a similar study
completed one year earlier, Ekstrand et al found less hamstring and
quadriceps strains in elite soccer players36 who performed warm-up,
skill, and stretching exercises presoccer. 

In the remaining multiple intervention group, high school football
teams were pseudorandomised to stretching and warm-up during
half-time.35 The hypothesis was that athletes become stiff during
half-time and that stretching at half-time would decrease third
quarter injuries. This study had problems with randomisation and it
used multiple interventions. Finally, if an intervention team did not
stretch at half-time, injuries during that game were considered as
part of the control group. For statistical reasons, it is considered more
appropriate to use an “intention-to-treat” analysis, which means that

0.1 1 10

Relative Risk or Odds Ratio or Hazard Ratio

Ekstrand et al, 1983

Walter et al, 1989 (never)
Walter et al, 1989 (sometimes)

Walter et al, 1989 (usually)

van Mechelen et al, 1993

Macera et al, 1989

Cross 1999

Hilyer 1990
Hartig 1999

Stretching at times not before exercise

Pope 2000
Pope 1998

Figure 7.1 The relative risk or odds ratio or hazards ratio (± 95% confidence
intervals) from all the prospective studies are shown (men [filled circles], women
[open circles]). A value greater than 1 means an increased risk for people who
stretch before exercise, and a value below 1 means a decreased risk of injury for
people who stretch before exercise, There were three studies in which there was
a lack of data in the article to calculate the relative risk or odds ratio.35,36,38 The
study by Ekstrand et al 37 was calculated for strains and sprains only, and as if
each person was only injured once. The study by Walter et al 43 compared several
groups to “Always stretched before exercise” (a relative risk above 1 means the
“always” groups had a higher injury rate). This figure was adapted with
permission from the Clinical Journal of Sport Medicine.
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groups are analysed according to their randomisation and not
according to their compliance. 

Cross et al used a cohort design with historical controls and found
pre-exercise stretching decreased injuries.33 Basically, the authors
compared injury rates during the year prior to instituting a pre-
exercise stretching routine, and again during the first year of its use.
The problem with interpreting this study is that the following
scenario is very likely. First, the medical staff noticed a high injury
rate one year and asked themselves what could be done to prevent
injuries. Stretching was proposed, and the rates of injury dropped.
This may sound like cause and effect, but in reality, is likely to have
occurred by chance. This is because injury rates will always vary from
year to year. If there is a high rate one year, then by chance, the rate
is likely to be lower the next year. In fact, this second year rate may
still be higher than average but the reader would not know because
the only comparison available is with the very high rate of the
previous year. Statistically, this is called regression towards the mean.
Studies using historical controls only provide strong evidence when
the rates are stable over a number of years, and then fall (or rise) for a
few years following the introduction of an intervention. Therefore,
without knowing the rates of injury for several seasons before and
after the intervention, nor the reason why the intervention was
applied during that particular year, the most likely reason for the drop
in injury rates in the Cross et al study is regression towards the mean.

Finally, in a cross sectional study, women cyclists who stretched
before exercise had less groin and buttock pain but the effect was not
observed in men.34 Because the physiological effect of stretching is
similar in both groups, these results are difficult to interpret. 

In summary, although there are some strong studies for which
pre-exercise stretching was associated with a reduction in injury rates,
the presence of probable effective co-interventions means that the
interpretation might be that we cannot ascribe the beneficial results
to stretching unless there is supporting evidence from other types of
studies.

Negative Studies
There have been three studies (all cross sectional) that suggested

stretching before exercise may increase the risk of injury.38–40

In a cross sectional study, Howell found that 13/13 elite rowers
who stretched had back pain, and only one of four athletes who
didn’t stretch had back pain.38 Interestingly, of the study subjects with
hyperflexibility of the lumbar spine, the only two who did not have
back pain did not stretch. However, it is again unclear if these athletes
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became injured because they were stretching, or stretched because
they were injured.

In the two other cross sectional studies that showed stretching
might increase injury rates,39,40 the authors did not control for any
other factor such as training distance, experience, etc. In summary,
conclusions based upon these studies should be guarded.

Equivocal Studies
There have been six studies (three RCT, two prospective, two cross

sectional) that found no difference in injury rates between people
who stretch before exercise and those who do not.41–46

In the most recent large RCT, Pope and colleagues randomised 1538
military recruits to either warm-up and then stretch immediately
before exercise, or simply warm-up and exercise.46 The hazard ratio
(equivalent to an odds ratio but takes into account different follow up
times) was 1·04 (95% CI: 0·82–1·33) after controlling for height,
weight, day of enlistment, age and 20 meter shuttle run test score.
This study was consistent with a previous study by the same authors
that used only calf stretching immediately before exercise (HR: 0·92,
95% CI: 0·52, 1·61)47. Interestingly, this same study still showed an
increased risk if the baseline ankle ROM was decreased but stretching
over 11 weeks was still an ineffective intervention. With respect to
sport injury prevention, the main limitation of this study is that it
occurred in military recruits, who may not be doing the same type of
activity as recreational or elite athletes. The importance of this
limitation is questionable.

Van Mechelen randomized 421 persons to an intervention group
that included six minutes of warm-up, and 10 minutes of stretching.45

The relative risk for injury for those in the intervention group was
1·12 compared to controls. Of note, only 47% of those in the
intervention programme actually stretched according to the
instructions outlined in the study. In addition, many of the runners
in the control group also performed some type of pre-exercise
stretching. This type of non-compliance (or “misclassification”)
would be expected to “bias towards the null” and minimise the odds
ratio obtained. However, it should not reverse the direction of the
odds ratio, which showed more injuries in the group randomised to
stretch. Although one could re-analyse the data according to whether
the actual intervention was performed, most statistical consultants
believe the intention-to-treat analysis (as was done in the paper) is
more appropriate.

In a prospective cohort study by Walter et al,43 the authors found
that stretching was unrelated to injury after controlling for previous



injuries and mileage. Macera et al42 found that stretching before
exercise increased the risk of injury but the differences were not
statistically significant (males: OR 1·1; females OR 1·6). Although not
RCTs, these were good studies with few limitations.

Finally, two cross sectional studies showed no protective effect
of pre-exercise stretching.41,44 In fact, Brunet et al reported that
non-stretchers had fewer injuries even though they had higher
mileage per week and fewer previous injuries.44 The cross sectional
design limits the conclusions that can be drawn from these studies.

Summary of clinical evidence

Overall, the only studies to suggest that pre-exercise stretching
might prevent injuries included a warm-up programme as a co-
intervention. All other studies suggested that pre-exercise stretching
has no benefit or may be detrimental. Thus, the clinical evidence
available does not support the hypothesis that pre-exercise stretching
prevents injury. 

Does stretching after or outside periods of
exercise prevent injuries?

There have only been two studies (Table 7.4) examining the effect
of stretching after or outside periods of exercise. One suggested injury
risk is decreased and the other suggested that only injury severity is
decreased. Much more research is needed in this area before definitive
conclusions can be made.

Positive studies

In support of this hypothesis, a recent study using basic training for
military recruits found that the companies of soldiers who stretched
three times per day besides their normal pre-exercise stretching
regimen had fewer injuries than a control group who stretched only
before exercise.48 Although there were problems with baseline
comparisons and a lack of control for previous injuries, fitness levels,
etc, the study represents a good beginning. This is an area that
requires further research.

Hilyer et al randomised firefighters from two out of four fire districts
to perform 12 daily stretches for six months, and the firemen from
the other two districts not to stretch (total 469 firemen)49 Although
the change in flexibility was greater in the experimental group, this
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was due to loss of flexibility in the control group and not gain in
flexibility in the experimental group, even though exercise
physiologists visited the various stations during the first month to
correct improper technique. The number of injuries was not different
between groups, but the costs due to lost time from work were less in
the group that stretched. 

Discussion

A review of the clinical evidence strongly suggests that pre-exercise
stretching does not prevent injury, and that the evidence on
stretching at other times is too limited to make any realistic
recommendations. Considering these results are contrary to many
people’s beliefs, it seems prudent to review why some people ever
believed stretching was so beneficial. There appear to be five general
arguments that have been proposed in the past.

First, paraphrasing an old Zen saying, “that which does not bend,
breaks”. If true, increasing compliance should decrease the risk of
injury. However, even though a balloon will stretch before it bursts
(high compliance), a sphere made of metal with the same thickness as
the balloon might never stretch (low compliance) and still withstand
extremely high pressures. Therefore, compliance refers to the length
change that occurs when a force is applied but is not necessarily
related to a tissue’s resistance to injury. Furthermore, the basic science
evidence suggests that an increase in compliance is associated with a
decrease in the ability of the muscle to absorb energy. For example, if
muscle compliance is increased with warming from 25ºC to 40ºC, the
muscle ruptures at a longer length.50 Although this may appear
beneficial, the muscle actually ruptured under less force, and absorbed
less energy.50 Ligaments that have been immobilised are also more
compliant but absorb less energy.51 In addition, resting muscle is
more compliant than a contracting muscle26,27 but again absorbs less
energy.52,53 Finally, sarcomeres directly attached to the tendon are
the least compliant and remain undamaged, but adjacent sarcomeres
are stretched beyond actin-myosin overlap and become injured.54–56

These results are consistent with Garrett’s whole muscle studies in
which the sarcomeres attached to the tendon remain intact, but more
of the compliant adjacent sarcomeres rupture.52 Taken together, this
evidence suggests that an increased compliance is associated with an
inability to absorb as much energy, which may increase the risk of
injury during an eccentric load. 

Although more compliant tissue is less able to absorb force, the
Zen saying is not necessarily incorrect, just an inappropriate example
for muscle. Using the example of a bamboo tree that bends with the



wind, one realises that by bending, the direction of the force applied
to the tree changes. When the tree is upright, the force is
perpendicular to the tree, but when the tree bends, the force is applied
longitudinally to the tree. However, when we stretch muscle or
exercise, the force on the muscle is always longitudinal and never
changes direction, and therefore the analogy is inappropriate.

Second, some people believe injuries occur when the muscle is stretched
beyond its normal length. Although this can occur in some situations,
most authors believe an injury occurs when the muscle cannot absorb
the force applied to it and that the most important variable with
respect to muscle injury is the energy absorbed by the muscle.52,57,58

For example, a hamstring strain would occur during eccentric activity
if the muscle is unable to prevent excessive sarcomere lengthening
caused by the force of the leg coming forward during the swing phase
of gait, even though the joint is still within its normal ROM. When
sarcomeres are stretched so that the actin and myosin filaments no
longer overlap, the force is transmitted to the cytoskeleton of the
muscle fiber and damage occurs. This can occur within the normal
ROM because sarcomere length within the muscle is heterogeneous;
some sarcomeres lengthen during a contraction at the same time
others are shortening.55,56,59,60 Therefore, it appears that it is the
sarcomere length that is related to most exercise related muscle
strains, rather than total muscle length. Under this hypothesis, an
increase in total muscle compliance is irrelevant.

Third, because injuries are believed to occur when the muscle is active (i.e.
during eccentric contractions)28 compliance during activity should be more
important than compliance at rest. However, we have seen that these
two compliances are unrelated. This is because compliance of resting
muscle is almost exclusively due to the muscle cytoskeleton22,23

whereas compliance of active muscle is directly dependent on the
number of active actin-myosin cross bridges.24–27 Furthermore, active
muscle has a much lower compliance than resting muscle,26,27 but
absorbs significantly more energy.52,53 This data again supports the
argument that an increase in compliance does not mean a decreased
risk of injury.

Fourth, over-stretching a muscle can certainly produce damage. However,
even strains as little as 20% beyond resting fibre length, as one would
expect with “correct” stretching techniques, can produce damage in
isolated muscle preparations.58 Therefore, the basic science evidence
suggests that “correct” stretching techniques may be more difficult to
define than previously thought.

Fifth, we have seen that the increased range of motion with stretching is
partly due to an analgesic effect.15,16,18,21 This explains why stretching
may provide short-term relief for muscle aches and pains but does not
mean that the risk of injury is decreased. Nor does it mean that
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stretching shortens rehabilitation time and prevents re-injury
following an injury. In the only clinical study directly comparing
stretching to strengthening after injury,61 23/34 male athletes with
over two months of groin pain who participated in a strengthening
programme returned to pre-activity levels within four months,
compared to only 4/34 of athletes who participated in a stretching
program (multiple regression OR: 12·7, 95% CI 3·4–47·2). Further, the
group that strengthened had the same increase in ROM as the
stretching group even though they never stretched. Whether this is
also true for acute injuries, or whether stretching adds additional
benefit to a strengthening programme remains to be determined. 

Given these arguments about pre-exercise stretching, the reader
should remember that stretching at other times may theoretically
induce hypertrophy,30–32 and if future evidence suggests this occurs, an
increase in strength is likely to decrease injuries. This may explain the
results of Pope et al which showed an increased risk if ankle ROM was
decreased, but no effect of pre-exercise stretching over 11 weeks.47 The
effect of stretching might simply require a much longer period of time.

In conclusion, the clinical evidence is consistent with the basic
science evidence and theoretical arguments; stretching before exercise
does not reduce the risk of injury and stretching at other times may
or may not be beneficial.

Further Note: In a recent article (Br J Sports Med 2001;35:103–108),
the authors suggested in the text that ankle injuries are more frequent
in people who did not stretch immediately before a game. However,
the results (Tables 3 & 4) suggest the opposite: people who stretch
immediately before a game had 2·6 times the risk of injury. The
simplest way to understand this is that the coding is Yes = 1 for
stretching, which is the same as that for “history of ankle sprains”.
Both history of sprain and stretching before exercise had odds ratios
above 1. If the authors say a previous sprain increases the risk of
injury, then so must stretching before exercise. The authors did not
reply to a request for clarification.

Sample examination questions

Multiple choice questions (answers on p 561)

1 The original study by Ekstrand et al suggested that stretching
immediately prior to exercise is associated with a decrease in
injuries. Which of the following interventions that are likely to
prevent injury were also included in the experimental group as
co-interventions?
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A Shin guards
B Supervised rehabilitation
C Warm-up
D Education
E All or none of the above

2 With regards to the number of studies examining whether
stretching outside periods of exercise prevent injury or minimise
the severity of injury:

A 2 found it does and 2 found it does not
B 0 found it does and 2 found it does not
C 2 found it does and 0 found it does not
D All studies used a cohort design
E All or none of the above

3 Theoretical reasons why stretching prior to exercise would not
decrease injuries include all of the following EXCEPT:

A Tissues that are more compliant are associated with a
decreased ability to absorb energy

B The compliance of active muscle is related to the compliance of
muscle during normal stretches

C Most injuries occur during eccentric activity of the muscle,
within its normal range of motion

D Overstretching a muscle is known to be a cause of muscle
injury

E All or none of the above

Essay question

1 Discuss the evidence for and against the use of stretching
immediately prior to exercise as an intervention to prevent injuries.

2 Explain the theoretical reasons why stretching immediately prior to
exercise was thought to prevent injuries, and why they do not apply
to regular exercise such as jogging.

3 Describe how stretching increases range of motion.
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8: Should you play sport with
one kidney, one testis?
JOHN M RYAN

Introduction

The decision of whether or not an individual should play sport
when it is known that he or she has only one kidney or he has only
one testis is a challenging decision for which there may be no single
correct or incorrect answer. The decision must be based on appropriate
information and evidence. Furthermore the individual must
understand the consequences and demonstrate an understanding of
the risks involved.

Such a decision may often need qualifying. For example, “What is
sport?” Clearly the risks for participating in snowboarding far exceed
the risks involved in non-contact sports such as bowling or minimal
contact sports such as fencing. An individual cannot be expected to
make a decision without appropriate advice. Physicians involved in a
sport need to understand the consequences as well as explain them in
a structured manner which the athlete and others understand. This
advice must be based on clear evidence from which any risk should be
determinable if possible. It is the responsibility of the physician to
assist an individual in making a decision but the decision should be a
shared one.

Some individuals will have to make the decision whether or not to
continue with a sport following an injury or loss of an organ or
perhaps the discovery of a congenitally absent organ. On these
occasions the physician should not neglect the psychological trauma
that may be suffered by athletes discontinuing in sport, particularly
those who participate at a high level. Physicians should be prepared
to offer counselling or direct an athlete for appropriate support. 

For many, participation in sporting activities with peers is one of
the formative events in a child’s development and this fact should not
be ignored. Ultimately the individual or his or her parent or guardian
will take a risk versus benefit decision which should be based on
factual information and evidence. 

In searching for the evidence one should look for evidence of
significant numbers of adverse outcomes to athletes with a single
kidney or testicle who participate in sport and who sustain injuries to
these organs. Clearly there is a risk for people with solitary organs
playing sport. The consequences of the worst case scenario of acute
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renal failure, infertility and the ensuing multi-system pathology
which can arise following injury are patently obvious. But what is
the incidence of such devastating outcomes? Or can we deduce the
incidence so we can inform physicians and patients in assisting them
to make their decisions ?

Aims

The aim of this paper is to examine the incidence, mechanism and
characteristics of renal and testicular trauma in sport with the aim of
producing evidence-based advice on whether or not athletes with a
single kidney or testicle should be allowed to participate in sport. The
paper will also evaluate the potential for injury to individuals with a
solitary kidney or testicle participating in sport.

Methods

The Ovid version of Medline from 1960 to 2001 was searched for
papers relating to testicular and renal trauma. Papers were sought using
the words renal trauma, kidney trauma, renal injury, kidney injury,
testicle trauma, testis trauma, testicle injury, testis injury and solitary
organ. These were also linked to the words sport, football and skiing. 

Results

Incidence

Renal trauma
Renal trauma is sustained in approximately 10% of all abdominal

injuries and blunt injury is the cause of renal trauma in 90% of cases.
In sports the vast majority of renal trauma is blunt trauma. In most
cases injuries can be managed conservatively with surgery usually
being reserved for:

• vascular (renal pedicle) injury 
• shattered kidney 
• expanding or pulsatile haematoma 
• shocked polytrauma patient.

Major renal trauma is more often associated with penetrating
trauma than with blunt trauma (40% vs 15%). One must adopt a high
level of suspicion for renal injuries in patients with major blunt



abdominal trauma, and those with penetrating flank and back
wounds. About 9% of individuals suffering renal trauma will require
surgical exploration. Of these there is on average an 11% nephrectomy
rate although most nephrectomies are for haemorrhage, with 61% of
nephrectomies being for renovascular injury. Injuries are usually
sustained in conjunction with other major injuries which is not the
typical pattern of renal trauma sustained in sport. 

Renal trauma during sport is more commonly sustained as isolated
trauma rather than in conjunction with other major injuries.
Estimates of the incidence of blunt renal trauma are given at about 6⋅2
per 100 000 of the population with motor vehicle collisions making
up the majority of causes.1

Most athletes with one kidney or one testicle will wish to know how
many people playing their sport have sustained injury to these organs
and particularly the incidence of injury to those athletes who have
participated with a solitary organ. A review of the literature reveals
sparse evidence of injury to athletes participating with a solitary
kidney or testicle. It is reasonable when trying to decide whether or
not to participate in sport that an athlete should be informed of the
prevalence of significant injury occurring to “normal” individuals
participating in that sport. The incidence of congenital solitary
kidney in the population is thought to be of the order of 1 in 1 000.
It can be safely assumed therefore that a similar percentage of people
playing sport are blinded to the fact that they have a solitary kidney. 

Terrell has reported the prevalence of crossed fused renal ectopia
in the general population as varying between 1 in 200 to 1 in 7 500
cases.2 Such an anomaly is frequently asymptomatic so it is clear that
most people participate in sport without ever presenting with
difficulty. It is of interest that no case reports could be found where
patients with previously undiagnosed solitary organs sustained major
consequences to those organs during sport. 

In most cases the kidney is protected by ribs, fascia, the spine,
paravertebral muscles and other structures. However, in cases
where the kidney lies outside this, such as with hypertrophy or
transplantation, the recommendation not to participate in sport is
clearly easy to make and to justify. One must also acknowledge
however that a single kidney is usually larger and heavier than a
normal kidney and so its proximity to the ribs and spine may change
and on occasions make it more vulnerable to trauma. 

Participants in winter sports should be informed of the paper by
Macahdia which showed that solitary renal injury in snowboarding
(68⋅4%) occurred significantly more often than in skiing (29⋅7%)3

However, the rate of abdominal injury for the two groups was in fact
very low at 1·2% of 9 108 skiers and 1·2% of 1 579 snowboarders who
were treated for injuries sustained during sporting activity. 
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It has been suggested that most sports related injuries to the kidney
are of the milder type though patients with known solitary kidneys
should be referred early after blunt abdominal trauma, particularly
when trauma is to the affected side.4

In a review of waterbike injuries, Jeffery reported a case of renal
contusion from collision with other riders.5

There is also some evidence that within a sport, playing in a
particular position may expose one to less injury.6

Testicular trauma
Testicular injury has been described in rugby union football, rugby

league football and basketball.7,8 In rugby the commonest cause of
injury was kicking and kneeing, usually sustained during tackles.
Regrettably, the occurrence of intentional injury has also been
described.

Altarac reported three cases of testicular injury sustained while
playing football, two of them having received a blow with a ball,
sustaining spermatic cord injury, scrotal haemorrhage and intratesticular
haematoma.9 In another paper he reported 53 patients with testicular
trauma reporting a salvage rate of 86% though this cohort also
included late presentations and was not confined to a sporting
population. 

In 1989 a Japanese paper reported an increase of testicular injury
among athletes in the second decade playing contact sports although
they noted that the rate of orchiectomy has been decreasing.10

The majority of testicular trauma is a result of blunt trauma
although occasionally penetrating trauma results from sporting
activity as seen in the paper by Schwarz who reported a penetrating
injury to the scrotum from a piece of wood, sustained in a
tobogganing accident.11

Implications

Clearly patients who knowingly have one kidney or one testicle
need to present early for consultation if they suffer an injury to the
flank or scrotum. This is all the more important nowadays given the
ready availability of advanced diagnostic procedures such as CT scan,
MRI and ultrasound. There is also some evidence that early repair can
help preserve hormonal function as well as fertility. 

The physiological consequences of testicular trauma are difficult to
quantify and are largely unknown.12 Nolten, in one paper, has shown
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an unexpectedly high incidence of remote blunt testicular trauma
among a cohort of infertile men.13

On rare occasions, sports participants need to consider the medical
implications of participating in sport given the co-existing problems that
one can find with solitary kidneys. Rugio showed a higher incidence
of proteinuria and diastolic hypertension in patients with a solitary
kidney.14 All athletes with solitary organ disorder should have a
thorough preparticipation physical examination to look for evidence of
other congenital anomalies or for the presence of comorbidity. 

Risk

So who gets injured? It is worth bearing in mind that the risk of
injuring a kidney is paradoxically less by 50% than in someone with
both kidneys as injury is almost always unilateral and there is an
equal chance of injury occurring to the side without a kidney as there
is to the side with a kidney. A review of the literature reveals that
blunt renal trauma remains an uncommon problem and that renal
trauma with significant consequences is even less common. As for
testicular injuries, the majority are sustained in motor vehicle
collisions or assaults and not sport. 

There are few reports of sports related trauma to the kidney or testis.
Considering the numbers of people who participate in sporting
activities this is perhaps surprising. Thus one could suggest that the
incidence of renal or testicular damage in sport is very rare. 

One needs to do an extensive review of the literature to find
evidence of significant renal trauma sustained in sport and a review
of English journals alone is not sufficient. For instance, one
Czechoslovakian paper reported on 102 cases of renal trauma over a
22-year period of which 19⋅5 % were sustained in sport. In 5% of cases
a nephrectomy had been performed.15

Unofficial participation, training and “back yard” leisure sport
have the same likelihood of injury as participation in organised
competitive contact sports. Athletes need to be informed of the risks
of taking part in unscheduled sporting activity where the risks of
injury may be just as high as in competitive sporting activity. The
same precautions may need to be taken in many aspects of daily life.
Indeed it may be that leisure activities are more likely to produce
major blunt renal trauma than supervised controlled sporting
activity as has been reported in one paper from Japan. Sekiguchi
reported 2 cases of major blunt renal trauma in a 13-year-old-girl
sustained in a fall from a bicycle and a 12-year-old boy sustained in a
fall from a tree.16
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It may also be that the incidence and potential for significant
renal trauma increases with age. The force that may cause injury is
proportionate to the speed and the mass involved in an injury which
are clearly small in children. This hypothesis is supported by the
findings described in a review of genito-urinary trauma in a paediatric
population which found that surgery was rarely indicated.17

The literature on blunt abdominal trauma sustained during the
more common sporting activities such as football, skiing, cycling and
cricket yields specific findings. A New Zealand paper reporting cricket
injuries in children described 66 cases of injury presenting to a
children’s emergency department over five years. However, only two
of these cases were severe.18 In reporting a series of renal trauma over
a 19-year period, sustained from skiing injuries, Skowvron et al
reported 91% of cases were male with a mean age of 27⋅5 years.19 Thus
within some sports there appears to be an age and sex related
predilection to injury. This may of course be proportionate to the age
and sex of participants in that sport but this biased incidence of renal
trauma among males should be pointed out to athletes and their
families.

It should be remembered that significant injuries may be sustained
by renal vasculature which in turn may have significant implications
for the viability of a kidney as shown by Borrero who described left
renal artery dissection caused by a football injury.20

There are few reviews of testicular injury in sport. One study by
Lawson reported the occurrence of testicular injuries among rugby
league and rugby union football players in Australia. Eleven players
sustained loss of a testicle and three sustained partial loss of one
or both testicles over a 16-year period in a state where an average of
100 000 players per year are registered. The causes of the testicular
injuries were kicking and kneeing, usually during tackles. At least
three injuries appeared to be intentional. However, the incidence of
significant testicular injury is clearly very small for rugby union and
rugby league football given the number of participants involved in
these games. Furthermore given that the incidence of people with
single testicles is also small it would appear that the chances of
someone sustaining a serious testicular injury playing rugby football
are very small indeed. 

A review of blunt testicular injury was carried out by Cass who
reported a low incidence of orchiectomy and anorchidism at follow
up.21 In another study in 1991 he reported a loss of the testicle in 21%
of cases treated conservatively versus 6% of those explored promptly,
re-inforcing the importance of presenting early for evaluation.22

Sparnon has reported two cases of severe scrotal injury in BMX
bicycle riding and have suggested that scrotal protection should be
worn when participating in jumping sports.23 Indeed, all athletes need
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to be vigilant, if they decide to participate in contact sports, that
they wear appropriate protective shields during training and not
just during competitive fixtures as the risk of injury may be at least
as great.

Assessing risk

While reviewing the incidence of renal and testicular injuries
sustained during sporting activity is relevant, it is also important to
attempt some risk stratification to sporting activities particularly as
all sports do not present the same risk of injury. 

It may be helpful in making the decision to use a classification as
described by The Committee on Sports Medicine and Fitness in the
United States and classify sports into contact/collision, limited
contact and non-contact sports.24 Contact/collision sports include
those where athletes purposely hit or collide with each other or
inanimate objects, including the ground, with great force. Limited
contact sports include those where athletes routinely make contact
with each other or inanimate objects but usually with less force
than with collision sports. In non-contact sports contact with other
athletes or inanimate objects is either occasional or inadvertent, such
as in softball or squash.

Making the decision

Decisions should be participatory and informed, not unilateral or
uninformed as has so often been the case in the past. Strategies in
coping with this problem include matching the missing organ with a
sport which might be safest. Furthermore it could be suggested that
we should now be looking for inclusion in sport for athletes,
providing of information about risk and utilising protective
equipment to facilitate the process, rather than the historical blanket
exclusion which was previously so prevalent. 

When making a decision there are a number of groups who must be
advised including the athlete, his or her coach, families and
sometimes schools. On occasions one needs to consider the rights of
the handicapped as well as those of children. There is the child for
whom solitary organ diagnosis is already known and there is the
individual who has already succeeded in a sport by the time the
diagnosis is made. With regard to protection of a solitary organ in a
child, it has been questioned whether or not it is appropriate to spare
an organ but spoil a child with overprotection. The implications and
stigmatisation of non-participation or wearing of a shield are not
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insignificant for a child particularly in childrens’ sports where forces
involved are not very great. Finally there is the individual who has
lost an organ through injury or illness and who has to re-evaluate a
decision about continuing in sport. 

For some the advice is clear. For example, patients with a single
polycystic, pelvic, iliac or horseshoe kidney have too great a risk to
participate in contact or collision sports where the organ is
dangerously vulnerable to blunt trauma. 

Ethics

It is not surprising that the question about participation will not be
answered by randomised controlled trials. Who would willingly
volunteer to compete in a trial where the outcome is end organ injury
or failure as a consequence of participating in sport? 

What evidence do we need to be able to answer the question of who
should play sport? A randomised controlled trial involving two
groups of patients who play sport would be ideal but is impracticable.
Furthermore, on an intention to treat basis alone, the power required
for such a study would be too great given the infrequency with which
renal or testicular trauma is sustained in sport. 

One possible study would be to design a trial of patients with a single
kidney or testicle and compare injury rate with another cohort with
normal anatomy. However, because of the large number of variables
involved in sustaining an injury such a study would be largely
impractical. The variables are likely to be too great as the study would
need to encompass a wide variety of sports and so, to reach statistical
significance, it is unlikely that one would be able to recruit enough
people for the study, even before the issue of ethics is considered. 

Benefits of sport

In making a decision about participation it is important not to
de-emphasise the value of sport and assign the same risk to all sports.
It is evident that the risks of renal injury will be greater with sports
such as skiing, horse back riding and some sports with missiles such
as hockey and cricket but many sports do not have the same risk and
could probably be encouraged.

There is a body of opinion which suggests that the greatest cause of
significant renal trauma is sustained in motor vehicle collisions. But
as individuals with solitary kidney or testicle are not advised against
automobile travel, similarly perhaps individuals should not be
advised against sport. 



One should weigh up the value of participation in sport including
the physical and psychological well-being that accompanies it versus
the risk of organ damage. Clearly the balance will be tilted against
participation in sports such as horse riding, skiing and other collision
sports. More appropriate sports may include those where value is
attributed to an individual from the benefits of exercise and other
aspects such as team building for youngsters involved in team sports.

One must also consider the forces involved. Simple formulae have
major significance. Force = mass × velocity. The risks of damage to
single organs in sport is associated with the force of the injury. In
cases of blunt trauma it is clear that relative risk to a kidney and
testicle will increase with age as the components of force increase for
example: size (mass) and the speed at which they move or indeed the
speed at which individuals can project a missile such as a cricket ball
or hockey ball. 

Specific risks

In some sports consideration needs to be given to the overuse
consequences of athletes with a single participation sport. One paper
has shown on ultrasound a 94% incidence of scrotal abnormalities in
extreme mountain bikers.25

Athletes who have undergone renal transplantation may require
advice. Because the transplanted organ is in a vulnerable position,
usually located in the right or left iliac fossa, it is reasonable to advise
against participation in contact sport. Where an athlete chooses to
continue to participate then he or she should be supported in
achieving their goal and advised to use appropriately protective
garments as some standard equipment may be dangerous. Welch has
described the dangers of climbing harnesses which come into contact
with the superficially placed transplanted kidney.26 Interestingly some
nephrologists encourage participation in the majority of sports
following renal transplantation though they counsel against sports
such as rugby football, boxing and Asian martial arts.27

In a paper on the emergency management of blunt testicular
trauma Mulhall showed that many patients present late.28 “At risk”
patients must be strongly encouraged to attend early following injury. 

In attempting to define risk there has been some attempt to
differentiate contact sports. One paper has classified sporting
activities as: 

• High to Moderate Dynamic and Static Demands
• High to Moderate Dynamic and Low Static Demands
• High to Moderate Static and Low Dynamic Demands.
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It is possible for physicians to discuss with athletes and their
relatives the dangers associated with particular sports. In providing
athletes with solutions the physician must incorporate a risk analysis.
Solutions should also be suggested as to which sporting activities may
be more suitable. The benefits of sport and exercise are well described
so participation in low risk sports may be advisable. Thus while it may
not be considered appropriate to participate in contact or collision
sports a physician should be able to advise an athlete on a sport which
is suitable. The concept of non-participation in all sporting activities
is rarely indicated for any illness, injury or deprivation. The tradition
of excluding the disabled athlete has now been replaced by the
concept of facilitation and support for the athlete who may be
challenged or “disabled”.

Consideration should be given to advising young athletes with one
testicle to store semen prior to taking up or continuing in contact or
collision sport.

The viewpoint of the advising physician must be respected.
While there is no documented case of a successful lawsuit against a
physician for advice to compete in sport with one kidney or one
testicle there remains a theoretical risk that a physician could be
sued. In particular, the sometimes suggested “apparent waiver of
entitlement to sue” by an athlete may not stand up to scrutiny in a
court of law. 

Discussion

Given the rarity of single kidneys or testicles in participating
athletes it is not surprising that the evidence on which to base one’s
advice about participation is thin. The easy advice for the physician
to offer is not to play sport. Such advice implies that an athlete will
not suffer any injury and that the physician will not incur any
medicolegal consequences in the future. However, the physician has
a duty of care to advise the athlete in consultation with the athlete
and to offer advice based on evidence. The focus in encouraging sport
should be to look at the opportunities certain “low risk” sports
provide rather than defending the at-risk organ. 

It is clear that physicians do not always follow the evidence when
advising athletes. Indeed there is some evidence that the advice
currently offered by physicians remains dichotomous and indeed may
be biased. For instance, Anderson, in a questionnaire sent to the 1994
membership of the American Medical Society for Sports Medicine,
found 54·1% of respondents indicated they would allow participation
in collision and contact sports for an athlete with a single kidney after
discussion of the possible risks. However, the percentage allowing
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participation decreased to 41⋅6% if the athlete was their own son or
daughter.29

The evidence for participation or non-participation in sport in the
presence of a single kidney is largely related to anecdotal reports.
There are few papers where we are able to judge the incidence. Three
points are clear from the literature in favour of participation.

1 Blunt renal trauma in sport is rare.
2 When it occurs it can usually be managed conservatively and

outcome is usually satisfactory with no long-term complications.
3 Trauma to a side without a kidney will clearly cause no renal

damage, though there is some evidence to suggest that single
kidneys may hypertrophy and therefore be at greater chance of
injury.

Consideration should be given to the aim of participation in sport.
For instance, if the intention for a child to participate in a sport is
purely for recreational reasons the decision about participation will
not be as difficult to make as with an adult for whom the sport is a
central part of his or her life or livelihood. 

Liability and medicolegal aspects of health care are becoming
pervasive in today’s society. Physicians asked for their opinion,
particularly where they agree to a patient with solitary organ
participating in sport, should ensure they have kept a proper record
of advice given. 

In advising children on participation in sport where the absence of
a testicle or kidney is known it may be that at an early age children
can be directed to sports with a low incidence of potential renal or
testicular trauma. Goldberg has suggested that medical, orthopaedic
and fitness factors should be carefully evaluated so that interventions
can be developed which will reduce the possible adverse effects of
participation.30 He argues that children should not be excluded from
sports unless specific risk to benefit ratios are firmly established.

It could be hoped that in the future protection will have a greater
role for athletes with solitary paired organs. Improving compounds
and designs may provide easier to produce shields which will be more
effective and more user friendly.

Conclusion

The decision of whether or not to participate in sport with a single
testicle or kidney remains controversial. In making the decision one
must have an understanding of the forces involved in any sporting
activity, the mechanisms by which an injury can occur and the
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anatomy of a vulnerable area. One must understand the reliability
and practicality of protective shields and finally balance the desire to
participate in a chosen sport with the associated risk. 

Summary

• Renal and testicular injury is uncommon in sport
• The consequences of loss of a single kidney may be life threatening
• A decision on participation in sport should be based on evidence from

the literature
• Protective equipment for solitary organs will have an in increasingly

important role

Key messages

• Renal and testicular trauma in sport is uncommon
• Blunt renal trauma sustained in sport is rarely serious
• Blunt renal trauma can usually be managed conservatively
• Patients with a transplanted kidney need specific advice about

participating in sport

Case studies

Case study 8.1

Robert, an ambitious 24-year-old semi-professional rugby player, was recently
involved in a motorcycle accident when he sustained a significant scrotal
injury. His scrotum had been damaged by a front tank carrier. A clinical
diagnosis of a ruptured right testicle was made and confirmed at operation.
Attempted repair was unsuccessful and an orchiectomy was performed. He
made an excellent recovery from the soft tissue injuries. At the start of a new
football season he is now seeking advice about continuing in sport, as
someone suggested to him that this was not advisable given the risks
associated with injury to his remaining testicle.

Case study 8.2

Michelle, a 20-year-old student, was injured while skiing off-piste. She struck
a tree at high speed and hurt her back. She was airlifted to the nearest
hospital for emergency medical treatment. In the hospital she was noted
to have microscopic haematuria in association with right flank tenderness.
An ultrasound was performed which showed a normal right kidney but an
absent left kidney. She was advised not to ski again because of the risk to
her single kidney but is seeking confirmation of the appropriateness of
this advice.



Should you play sport with one kidney, one testis?

129

Case study 8.3

Mr and Mrs Smith have brought James their 6-year-old son along for advice
about participating in sport. At a 6-month check he was noted to have an
undescended testicle on the right side. This was investigated further and he
was found to have testicular agenesis on that side. They were advised that he
should not play sport in the future. His father was an international athlete and
his parents were keen for James to attend a sporting school. They are now
reconsidering this if he would not be able to participate in sport. They are
looking for guidance on how to proceed. 

Sample examination questions

Multiple choice questions (answers on p 561)

1 A 15 year old youth with one kidney wishes to play rugby at
school. 

A He should not be allowed to participate
B There is no need for a pre-participation medical examination
C The kidney will usually be smaller than a normal kidney
D The wishes of his coach should take precedence in making a

decision
E Should not be allowed to play any contact sports

2 Athletes with a solitary testicle 

A Should wear a scrotal guard when participating in contact
sport

B Have normal endocrine function
C Require advice about sperm banks
D Are particularly vulnerable to penetrating trauma
E Should have a thorough pre-participatory medical examination.

3 Athletes with a solitary kidney

A Are more likely to suffer blunt trauma to a kidney than someone
who has both kidneys

B Usually have a larger than normal kidney
C May be more likely to suffer from hypertension than someone

with both kidneys
D Should not participate in contact sport if the kidney is a

transplanted one
E Always require surgery when gross haematuria is present

following trauma
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Essay questions

1 Describe the consequences of loss of function of a solitary kidney
or testicle injured in sport.

2 Classify contact sports according to risk of injury to a solitary
kidney or testicle.

3 What strategies are available to athletes with a single kidney or
testicle who are determined to participate in sport? 

Summarising the evidence

Results Level of evidence*

None A1
None A2
None A3
None A4
None B
2 reviews offering “expert opinion” C

No study has been performed which specifically asks the question “Should you
play sport with one kidney, one testis?” There are no randomised controlled
trials. There are some retrospective reviews of genitourinary trauma but none
which specifically examines sports related genitourinary trauma.
* A1: evidence from large RCTs or systematic review (including meta-analysis)
A2: evidence from at least one high quality cohort
A3: evidence from at least one moderate size RCT or systematic review
A4: evidence from at least one RCT
B: evidence from at least one high quality study of non-randomised cohorts
C: expert opinions
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9: Can exercise help prevent
falls and falls related injuries
in older people?
M CLARE ROBERTSON, A JOHN CAMPBELL,
MELINDA M GARDNER

Introduction

Falls in older people are an important but often overlooked problem.
A third of people aged 65 years and older fall each year and half of
those in their eighties fall at least once a year.1 Falls are the most
common cause of injury in people aged 65 years and older and may
result in institutionalisation and death.2,3 Falls are the costliest
category of injury among older people and the healthcare costs
increase with fall frequency and injury severity.4

Muscle weakness and poor balance have been well established as
risk factors for falls in prospective cohort studies.5–8

Appropriately targeted exercise programmes of sufficient intensity
will increase and improve muscle strength, balance, and cardiovascular
fitness in older people.9,10 Exercises to improve strength and balance
have therefore been central to most falls prevention programmes.

The purpose of this systematic review of randomised controlled trials
is to examine the evidence for the value of exercise in preventing falls
and injuries resulting from falls in older people. Grade A evidence
relates to all the studies reviewed in this chapter. This review updates
a previous publication by the authors.11

Methods

Search methods

The search included: 

• the Cochrane Musculoskeletal Group specialised register (January
2001)

• Cochrane Controlled Trials Register (The Cochrane Library, Issue
1, 2001)

• Medline (1966 to February 2001)



• Embase (1988 to 2001 Week 14)
• CINAHL (1982 to March 2001)
• The National Research Register, Issue 1, 2001
• Current Controlled Trials (http://www.controlled-trials.com accessed

25 April 2001) 
• reference lists of articles. 

No language restrictions were applied. This search strategy was
developed and used during a systematic review of interventions to
prevent falls in elderly people for the Cochrane Library.12 

Data extraction

Studies were reviewed if they met the following criteria: 

• participants were randomly allocated to intervention and control
groups 

• participants were aged 60 years or older
• the intervention included an exercise component with details

provided on exercise type, frequency, and duration 
• prevention of falls and/or fall related injuries was an aim. 

The following factors were considered in each study: study design,
eligible population, population agreeing to be randomised, age
distribution, setting, inclusion and exclusion criteria, generalisability,
use of blinding, form of intervention, duration of the intervention,
co-intervention or contamination, measurement of outcomes,
numbers lost to follow up, evidence of intervention effects, strength
of this evidence, compliance to the exercise intervention, adverse
effects, costs of the intervention, and effect on healthcare costs.

Quality assessment

The quality of the methodology used in each trial was assessed by
two reviewers independently using a predetermined scoring system.12

Reviewers were not blinded to author and source institutions and
authors did not review their own studies. Disagreement was resolved
by consensus or third party adjudication. 

Results

Seventeen articles reporting results from 13 randomised controlled
trials meeting the inclusion criteria were identified and reviewed.13–29
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The results of one trial were reported both at one year and after two
years of follow up14,15 and a separate article reported an economic
evaluation of the intervention.25 The results reported in MacRae et al19

are for a subset of the sample in the trial reported by Reinsch et al.23

Rizzo et al24 evaluated the cost effectiveness of the multifactorial
programme reported by Tinetti et al.28 The quality assessment
summary scores for the included trials ranged from 0·52 to 0·88 of the
possible total score. 

Two trials were excluded because the article lacked sufficient detail
about the exercise intervention.30,31 One study was excluded because
all the participants took part in the exercise programme.32 Four of
the trials are from the frailty and injuries: cooperative studies of
intervention techniques (FICSIT) group of studies concerning
physical frailty and injuries in later life.33 Three other FICSIT trials had
an exercise component and contributed to data reported in a
preplanned meta-analysis of the trials.34 Information on intervention
efficacy in reducing falls in these studies was not available from
individual articles. We also excluded a controlled, but not randomised,
New Zealand trial35 of the same home exercise programme used in
three of the included trials.14–16,26

Appendices 9.1 and 9.2 summarise the study aims, sample,
interventions used, exercise compliance, intervention effects, and
give relevant comments based on the review of the included
studies. In nine of the 13 trials, exercise was a separate intervention
(see Appendix 9.1) and in four trials exercise was included with
other interventions in a multifactorial or dual approach (see
Appendix 9.2). Six of the trials included costs of the intervention
or costs of healthcare resource use as outcome measures (see
Appendix 9.3). 

Studies with exercise as a separate intervention

At the Seattle FICSIT trial site, Buchner et al13 targeted men and
women, mean age 75 years, with impairments in balance and
strength. Eligible participants were those unable to complete eight
tandem steps without errors and those below the 50th percentile in
knee extensor strength for the person’s height and weight. Only 7%
from a random sample of 13 866 health maintenance organisation
enrollees were eligible to take part. The intervention participants
attended supervised exercise classes for 24–26 weeks and were then
given a discharge plan to continue exercising in supervised or
unsupervised settings for a further three months. The study reported
no significant effect of either strength or endurance training on gait
and balance measures. One mechanism proposed by the authors to
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explain why exercise did not reduce fall rates but the fall rate in the
control group increased was that people with mild deficits in strength
and balance may be at high risk for further deterioration and exercise
delays this decline.

Campbell et al14 targeted a group at high risk for falling, women
aged 80 years and older. The women were invited by their general
practitioner to participate. Participants were randomised to an
exercise intervention group (n = 116, mean [SD] 84⋅1 [3⋅4] years of
age) or a control group (n = 117, mean [SD] 84⋅1 [3⋅1] years of age). At
six months there was a significant improvement in two measures of
strength and balance in the intervention group compared with the
control group, when assessed by an independent physiotherapist
blind to group allocation. There were no significant differences
between the two groups in six other tests of strength, gait, endurance
and function. Despite very modest improvements in physical
functioning, falls and moderate injuries were reduced in the exercise
group compared with the control group. Participants were invited to
continue in the programme for a second year (summarised separately
in Appendix 9.1).15 Of the 213 participants remaining at the end of
one year, 151 (71%) agreed to continue for a second year. Those who
continued were more active and less afraid of falling at the end of year
one and took fewer medications at baseline compared with those who
declined to continue. At the end of the second year, 31 (44%) of those
remaining in the intervention group were still exercising at least three
times a week. The year two follow up demonstrated that the lower fall
rate achieved in year one could be sustained over a second year. More
frequent visiting from the physiotherapist and encouragement from
the general practitioner to continue exercising may have improved
exercise compliance. The home exercise programme was designed for
easy community implementation as a public health intervention
specifically to prevent falls and injuries in older people.36

In a second trial, Campbell and colleagues tested the same home
exercise programme and a second intervention, gradual withdrawal of
psychotropic medication in men and women currently taking those
medications.16 Only 19% of eligible participants who were invited to
take part by their general practitioner agreed to participate. The study
compared the effects of exercise (n = 45) versus no exercise (n = 48),
and psychotropic medication withdrawal (n = 48) versus continuing
to take the original psychotropic medication (n = 45). Nearly half
(45%) of the participants stopped taking the study capsules before the
44 week trial was completed. The exercise programme was modified
so that there was no upper limit for the amount of ankle cuff weights
used for leg strengthening exercises. The home exercise programme
was associated with significant improvements in tests of strength and
balance at six months.37 There was a 66% reduction in fall rate in the
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medication withdrawal group but no evidence of a reduction in falls
in the exercise group. 

Lord et al18 studied the effect of regular exercise on balance, strength,
and falls in older women randomly selected from the community.
Women (mean [SD] age 71⋅6 [5⋅4] years) were randomly allocated to an
exercise group (n = 100) or a control group (n = 97). Exercise classes
were held in two community sites easily accessible by public transport,
and the classes emphasised enjoyment and social interaction. The
exercise sessions incorporated warm up, conditioning, stretching, and
cool down periods to music. Sensorifunction assessments provided
quantitative measurements of systems contributing to balance that
could be enhanced by exercise. The investigators reported that
structured general exercise classes were effective in significantly
improving leg muscle strength and other outcomes, without the use of
specific strengthening equipment. There was no significant difference
between the exercise or control groups in the proportion of fallers and
recurrent fallers, although a trend towards lower fall frequency was
observed in participants who attended 75% or more of the exercise
classes. The authors suggested that incorporating interventions in
addition to the exercise programme, such as checking and modifying
vision, may be a more effective falls prevention strategy. 

MacRae et al19 assessed the effectiveness of a stand up/step up
routine first proposed by Liss38 for the prevention of falls. The sample
of 80 community living women aged 60 years and older formed
a subset of participants in the trial reported by Reinsch et al.23

Participants were randomised by senior centre to an exercise (n = 42)
or attention control group (n = 38). Initially, participants stood up
five times from a sitting position and carried out five step ups onto a
six inch stall, with the number of repetitions increasing over the
programme. At one year, 26% attrition rates were reported. Non-
dropouts were similar to dropouts with regard to age and fall history.
Randomly chosen intervention and control participants underwent
assessments of gait at one year (n = 20). Maintaining quadriceps and
ankle strength in the exercise group did not result in a reduction in
the number of fallers or fall related injuries. This trial provided no
evidence for the use of the stand up/step up procedure for falls
prevention in community living people aged 60 years and older. 

The San Antonio FICSIT trial reported by Mulrow et al22 targeted
nursing home residents aged 60 years and older (mean [SD] age 79·7
[8⋅5] years in the intervention group, 81⋅4 [7⋅9] years in the control
group), living in the nursing home for at least three months, and
dependent in at least two activities of daily living. Only a small
percentage of the long-stay nursing home residents were eligible
for participation (19%). Over half the participants (58%) used
wheelchairs for locomotion, and 75% had at least three co-morbid
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conditions. The most common reason for ineligibility in the trial was
impaired cognitive functioning (26%). Randomisation was in groups
of four and stratified by nursing home. Most intervention participants
(94%) received endurance activities and strength exercises using cuff
weights or elastic bands for resistance. Physical therapy was active and
progressive and also included balance and coordination activities, bed
mobility skills, and transfer and gait training. Of the 14 people (7%)
who did not complete the follow up assessments at four months, 12
had died. Modest improvements in physical functioning were
reported, and there was no significant difference between the
intervention and control groups in the number of fallers, falls, serious
fall injuries, and falls requiring healthcare use. 

Reinsch et al23 assessed the effectiveness of two interventions:
exercise and cognitive behavioural strategies on falls and fall related
injuries. Men and women aged 60 years and older (n = 230) attending
senior centres were recruited and randomised by centre to one of four
groups. Participants in the exercise and exercise cognitive groups took
part in “stand up/step down” exercise classes (see also MacRae et al19).
At one year there was an attrition rate of 20%, with no age difference
between the participants who dropped out of the programme and
those who continued. There were no differences in the number of
fallers, time to first fall, and rate of falls among the four groups. The
authors suggest that the exercise programme may not have been of
sufficient intensity to reduce falls and that the cognitive behavioural
group sessions may not have been frequent enough.

The home exercise programme used by Campbell and colleagues in
two previous trials in a research setting14–16 was tested when delivered
from within an established home health service (Robertson et al26).
The programme had previously been delivered by a physiotherapist
and in this trial a district nurse, trained and supervised by a
physiotherapist, combined delivery of the exercise programme with
her other community nursing duties. Men and women aged 75 years
and older, registered at a participating general practice, were invited
to take part by their general practitioner. As in the previous two
trials, participants were individually prescribed a set of muscle
strengthening and balance retraining exercises during home visits by
the trained instructor.36 Ankle cuff weights (up to 8 kgs) were used to
provide resistance for muscle strengthening. The exercises took
around 30 minutes three times a week to complete and participants
were also expected to walk at least twice a week during the trial. The
exercise programme was effective in reducing falls in those aged 80
years and older but not in those aged 75 to 79 years. The authors
suggested that the programme may be more effective in frailer rather
than fitter older people, because the exercises increase strength and
balance above the critical threshold necessary for stability.
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Rubenstein et al27 assessed the effect of a 12-week group exercise
programme in 59 community living men (mean age 74 years)
recruited from a medical centre and with one or more of four specific
risk factors for falls. The risk factors were lower extremity weakness,
impaired gait, impaired balance, and more than one fall in the
previous six months. Exercise physiology graduate students led
the group sessions of progressive strength, endurance, and balance
training exercises. Elastic bands, a 12-inch rubber ball, and ankle (up
to 5·4 kg) and waist weights (up to 11·3 kg) were used for strength
training. After 12 weeks those in the exercise group showed
significant improvements in some of the strength, endurance, gait,
and health status measures. There were 13 falls in 38·7% of the
exercise group and 14 falls in 32·1% of the control group. When the
authors adjusted for activity level during the 12 weeks to assess
whether greater activity levels were associated with an increased risk
of falls, those in the exercise group had a lower fall rate.

The effects of two different exercise approaches on physical
functioning and falls were studied by Wolf et al29 at the Atlanta FICSIT
trial site. Men and women aged 70 years and older living in the
community were randomised to one of three arms: Tai Chi classes
(n = 72, mean [SD] age 76·9 [4·8] years), computerised balance
training (n = 64, mean [SD] age 76·3 [5·1] years) or an education
control group (n = 64, mean [SD] age 75·4 [4·1] years). Tai Chi classes
concentrated on components of movement that often become
limited with aging, including the standing base of support, body and
trunk rotations, and reciprocal arm movements. The participants were
encouraged to practise the movements at least twice a day at home for
15 minutes. Computerised balance training took place on a moveable
platform and under one on one supervision. Participants practised
moving their centre of mass without moving their feet with their eyes
open and then closed and also during floor movement. Both were
15-week interventions. Tai Chi was most effective in reducing falls in
people who fell recurrently, and, compared with controls, Tai Chi
participants were less afraid of falling. 

Multiple intervention trials with an exercise component

In a large community trial reported by Hornbrook et al,17

participants were randomised by household to an intervention group
(n = 1611) or minimal treatment control group (n = 1571). Nearly a
third of participants (32%) were 70–74 years of age. The intervention
emphasised removal of home hazards, reducing risk taking behaviour,
and improving physical fitness. The exercises selected for the
intervention were designed to involve all body parts, maintain range
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of movement, provide strengthening, and improve posture and
balance. After one supervised group session, the participants were
given a manual and instructed to carry out the exercises at home. At
one year the odds of being a faller was significantly less in the
intervention group. Statistical analysis did not address the fact that
participants were randomised by household but the unit of analysis
was the individual. However 75% of the households had only one
participant. 

McMurdo et al20 randomised a volunteer sample of 118 women,
mean age 64·5 (range 60–73) years to a calcium supplementation
or calcium supplementation plus exercise group. The exercise
component of this two-year trial involved weight bearing exercises to
music in a centre and was led by a person trained in physical
education. Bone mineral density showed a significant increase at one
of three sites in the exercise plus calcium supplementation group. The
method used for monitoring falls and injuries was not specified. There
were fewer falls in the calcium plus exercise group than the calcium
group between 12 and 18 months but the difference over the two-year
period was not significant. With no report of intermediate outcomes
it is not known if the exercise programme was associated with
improvements in balance and strength. 

McMurdo et al21 tested a programme of falls prevention in nine
local authority residential homes randomly allocated to receive a
six-month falls risk assessment and modification and a seated balance
training programme (77 residents, mean [SD] age 84·9 [6·7] years) or
to a control group (56 residents, mean [SD] age 83·7 [6·7] years). Staff
monitored falls daily on a falls calendar for seven to 12 months. After
six months the prevalence of both postural hypotension and poor
visual acuity were reduced, but at the end of the trial there was no
evidence of an effect on falls or other outcome measures. The exercise
programme, delivered by an experienced senior physiotherapist, was
performed seated because of the frailty of the residents and consisted
of progressive exercises to improve balance and to strengthen major
muscle groups. The authors suggest that to improve balance, exercises
should be performed standing rather than seated. 

At the New Haven FICSIT site, Tinetti et al28 studied 301 community
living men and women aged 70 years and older with at least one
targeted risk factor for falling (85% of the eligible study population).
Physicians from a health maintenance organisation were randomised
in matched groups of four so that their patients received either a
multiple risk factor intervention (n = 153, mean [SD] age 78·3 [5·3]
years) or usual care and social visits (n = 148, mean [SD] age 77·5 [5·3]
years). Participants in the intervention group received specific
interventions depending on a baseline assessment of the targeted
falls risk factors. They received a mean [SD] of 7·8 [4·0] home visits.
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The participants given balance and strengthening exercises were
instructed to perform them often (twice a day for 15–20 minutes each
session). The physical assessor and falls assessor were blind to group
allocation. At one year there was a significant reduction in the
percentage of intervention participants compared with controls
still taking four medications or more, and in those with balance
impairments and impairments in transfers at baseline. There was also
a significant reduction in the proportion of fallers in the intervention
group compared with the control group at one year. Muscle strength
did not improve, and the authors suggest that manual muscle
assessing may be insensitive to change, or alternatively the strength
training regimen was of insufficient intensity. This well designed
study provides good evidence for the effectiveness of a targeted,
multifactorial, falls prevention programme in community dwelling
older people. 

Economic evaluation within the studies 

Four of the studies reviewed reported the cost of the intervention in
the article22,26,28 or in a subsequent publication.24,25 One study reported
hospital admission costs as a result of fall injuries during the trial,25

one study reported fall related acute healthcare costs24 and four
studies included total healthcare service costs as outcome measures in
the trial.13,22,24,25 For three of the trials a comprehensive economic
evaluation was carried out and the cost effectiveness of the
intervention established.24–26 The authors of all three economic
evaluations limited the time horizon to the duration of the trials and
did not attempt to forecast costs or consequences of the intervention
into the future. Appendix 9.3 provides a summary of the results. 

One study reported the charge for the physical therapy intervention
delivered to nursing home residents and estimated healthcare costs
for all participants during the four month trial.22 Buchner et al13

estimated healthcare use and costs after the first six months of the
trial because exercise participants (but not controls) were asked to
delay elective procedures until the end of the supervised exercise
period. Hospital use was similar in both exercise and control groups,
but control participants were more likely to spend more than three
days in hospital. One study showed that fall related injuries
accounted for a substantial proportion (27%) of all hospital admission
costs for study participants during the two year trial.25

Rizzo et al24 reported the cost effectiveness of the home based
multifactorial programme which included an exercise component.28

The intervention was more cost effective for those at “high” risk,
defined as having four or more of the eight targeted risk factors for
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falls. Healthcare costs resulting from falls during the study were also
identified, and in each category, costs were lower for the intervention
than the control group. No statistical comparisons were made for
healthcare costs between the exercise and control groups. 

The cost effectiveness of the home exercise programme developed
by Campbell and colleagues has been established in the research
setting,25 and in two routine healthcare settings – a community health
service26 and general practices.35 In the trial of the home exercise
programme in those aged 75 years and older in a community health
service setting, this intervention was also shown to be more cost
effective in a higher risk group.26 There were fewer serious injuries
in the exercise group resulting from a fall during the trial (p = 0⋅033)
and this resulted in healthcare cost savings for those over 80 years
receiving the programme. 

Discussion

Synthesis

Thirteen randomised controlled trials were included in the
systematic review. Eleven articles reported the effect of exercise only
and one of these reported a second year of follow up. Four studies
evaluated the effectiveness of exercise in combination with other
interventions in preventing falls. Four studies investigated the effect
of exercise in women only14,18–20 and one included men only.27 All the
studies except two, 21,22 involved independent, community dwelling
older people rather than those in institutions. Eight studies included
people aged 60 to 70 years,13,16–20,22,23 and in one study participants
were aged 80 years and older.14,15 The interventions included
strengthening, endurance, balance, and flexibility exercises,
computerised balance training, Tai Chi, the “stand up/step down”
procedure, and walking as well as combinations of these exercises. In
five studies, the exercise intervention was delivered to a group,13,18–20,23

and in another four studies exercises were carried out in the
home.14,16,17,28 In one study both a group and home based approach
was incorporated in one of the exercise interventions, and the second
exercise intervention was not home based but required one on one
supervision.29 In one nursing home trial physical therapy was
delivered one on one22 and another trial in an institutional setting
was of a group exercise programme.21 Definitions of a fall and
methods of measuring falls and testing effectiveness differed. Length
of monitoring of falls varied from three to 25 months. Intention to
treat analysis was stated in six studies.13,14,16,21,22,26 Seven studies



showed a significant reduction in the rate of falls or risk of falling in
the intervention group13,14,17,26–29 although the strength of this
evidence varied. In one study effectiveness continued for a second
year.15

Exercise programme components

There is a need to identify which components of an exercise
programme are most effective in lowering falls risk. A wide variety of
exercise interventions have been tried using different exercise
frequencies, intensities, and duration periods. Studies successfully
lowering falls have used strength and balance retraining, endurance
training, and Tai Chi. 

A meta-analysis of the seven FICSIT exercise trials suggests balance
may be more effective in lowering falls risk than the other exercise
components.34 Tinetti et al39 investigated the effectiveness of a
multifactorial intervention programme on the number of falls risk
factors and concluded that a change in balance score of 1 (possible
scores ranged from 0 to 12) was associated with an 11% reduction in
fall rate. It is probable that exercise would have had the greatest effect
on balance in this multiple intervention study. Four successful
programmes have required the participants to exercise regularly
against resistance using either therabands or weights.13,14,26–28

The home programme of muscle strengthening and balance
retraining exercises developed by Campbell and colleagues has now
been tested in four controlled trials, and a total of 608 men and
women from 64 general practices in nine centres in New Zealand have
received the programme.14–16,26,35 The number of falls in the exercise
groups compared with the control groups was significantly reduced in
three of the four trials. The authors consider the following factors
contribute to the success of the programme. 

• The programme is individually tailored and prescribed by a trained
health professional.

• The set of exercises stress both strength and balance (ankle cuff
weights are used for resistance and dynamic rather than static
balance exercises are used).

• Supervision of instructors by an experienced physiotherapist
maintains motivation and quality of programme delivery.

• Clients can include homebound frail people who have more to
gain from the programme than fitter people in terms of improving
strength and balance above critical thresholds required for stability
in carrying out daily activities.
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Compliance

Programmes should be acceptable to older people to ensure
compliance, and this needs to be considered at the exercise programme
design stage. Definitions of exercise compliance differed, and two
studies failed to report exercise monitoring and compliance.19,23 Exercise
compliance at one and two years will provide a better indication of
programme acceptability than measures after shorter time periods. One
trial reported 27% (31 of 116) of participants from the original sample
still carrying out exercise sessions at least three times a week at two
years.15 It is not known whether a home based or group approach is
more acceptable to older people. Programmes offering both approaches
may enhance compliance.

Adverse effects

Six studies addressed adverse events.13,18,21,22,26,28 One study reported
that exercise related injuries were uncommon and not an important
factor associated with dropout.13 At the San Antonio FICSIT site,
adverse effects were monitored by research assistants, blind to group
assignment.22 Intervention participants reported moderate muscle
soreness at 7% of the physical therapy sessions but physical therapists
reported no injuries during the exercises. There were no significant
differences in severe soreness, bruising and fatigue between
participants receiving physical therapy and those receiving friendly
visits. Robertson et al26 reported that one person fell while exercising
according to instructions. Ten participants (6⋅5%) reported self
limiting musculoskeletal symptoms in one home based programme,
which the investigators attributed to the exercises.28 No medical
incidents occurred in another trial during group exercise sessions18

and there were no adverse events directly related to the group
intervention in old peoples’ homes.21 Exercise can be carried out
safely in older people with moderate disability and intact cognitive
functioning, and also in frail institutionalised older people with intact
cognitive functioning under careful supervision from a physical
therapist. 

Study factors diminishing benefit

Six studies reported no change in falls following the exercise
intervention.16,18–20,22,23 We consider the following factors contributed
to this lack of effectiveness. Several studies used exercise of inadequate
intensity to modify falls risk factors and this was shown by the lack of
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change in intermediate variables.17,19,23 Most negative studies lacked
sufficient power to detect a reduction in falls, although reducing falls
was not necessarily a primary outcome in some of these trials. Exercise
may be less effective in fall prevention when there are other
significant risk factors for falls present that are not influenced by
exercise. For example, in a younger sample of men and women on
psychotropic drugs, exercise was less effective in reducing falls than in
older, frailer populations.16,26 Two exercise trials targeted frail nursing
home residents.21,22 One study reported modest improvements in
physical function following one on one physical therapy and there
was no effect on falls in either study. While intermediate outcomes
improve in frail institutionalised elderly following high intensity
strength training,40 falls may not decrease because other risk factors
may not improve. Lastly, study compliance may be too low for the
intervention to be effective across the sample as a whole when
analysed on an intention to treat basis.

Fall related injuries and costs

Owing to the low number of serious fall injury events such as
fractures, the studies, even in meta-analyses, lacked sufficient power
to determine whether exercise had a beneficial effect on serious fall
injury risk.34 One exercise study in this review reported a significant
reduction in moderate injuries in the exercise group compared with
the control group at one14 and two years15 and one reported a
reduction in serious injuries.26 Similarly, studies looking at healthcare
costs lacked adequate power to demonstrate cost savings. However,
some falls prevention intervention studies have reported a reduction
in healthcare use as a result of the intervention.13,26,41,42 Reductions in
falls should reduce the number of fall related injuries but there may
be a difference in the degree of reduction. An exercise programme
may improve protective responses at the time of the fall. A long term
exercise programme may improve bone mineral density. On the one
hand, a fitter, quicker group of elderly people may fall at greater speed
while about their daily activities.43 On the other hand, active older
people may spend less time in hospital.13

Conclusions

The wide variety of exercise interventions tried, some successful
and others not, does enable us to draw some conclusions. Appropriate
exercise programmes can decrease the number of falls and fall risk in
randomised controlled trials but certain conditions need to be met.
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For maximum effect the population needs to be right – not too fit
and not too frail. Exercise interventions in people in institutions have
not yet been shown to lower the risk of falling.21,22 The same exercises
used in younger populations have not been as effective as in older
groups.14,15,26 With increasing age there is a progressive loss of muscle
strength and stability, but the weakness needs to reach a certain point
or threshold before daily functions are affected. It is possible that
around this point small increases in strength have a disproportionate
effect on function, and exercise programmes are most effective.

The exercises need to be of sufficient intensity to improve muscle
strength. We suggest that most investigators, including ourselves,
initially underestimated the capacity of older people to manage
weights. Balance retraining should be an important component of
any exercise programme designed to decrease falls. This may consist
of specific dynamic balance retraining exercises or be a component of
a movement form such as Tai Chi. The exercises need to be regular
and sustainable. There is no evidence of benefit beyond the period of
the exercises but continued participation can lead to sustained lower
fall risk at least up to two years.15

Summary 

• Seven out of the 13 studies reviewed successfully lowered falls by using
strength and balance retraining, endurance training or Tai Chi

• Factors resulting in negative studies included inadequate exercise
intensity, inadequate power, and low study compliance

• All the trials reviewed, except two, targeted community dwelling rather than
institutionalised older people

The exercises may be performed at a centre or at home. Home
exercises are suitable for a frail, less mobile population without easy
access to transport. They are safe if properly established by a trained
instructor but the supervision is less than with a centre based
programme. A centre based programme does have the additional
value of social interaction which has important beneficial effects in its
own right.44

If the exercises are part of a public health programme to be
introduced widely in the community, they should be simple, easily
instituted, and low cost. Elderly people involved in falls prevention
exercise programmes are prone to intercurrent illness, accident, and
social change. Programmes need to have the resources to reassess and
restart. They should also be planned for long-term use. Repetitive
programmes with little variety are unlikely to be sustained. If the
exercises are part of a programme of falls prevention in a person
presenting with falls, then the exercises must be part of a full
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assessment of the person’s risk factors and treatment. Exercises are of
value in falls prevention when part of a comprehensive package.28

Summary

• No falls prevention study has had sufficient power to demonstrate
conclusively a reduction in serious fall injuries such as fractures 

• Several falls prevention interventions, including two exercise interventions,
have been associated with reduced healthcare resource use

More trials are required to determine the exercise type, frequency,
duration, and intensity most effective in lowering falls risk in
different groups of older people. However, the effectiveness of new
exercise programmes in reducing falls would need to be tested against
existing programmes and large study numbers would be needed to
show any increased benefit from the new programme. Alternatively,
studies could use intermediate outcomes such as compliance or
strength and balance measures, but these were not always predictive
of success in reducing falls in the studies included in this review. It is
important to establish the cost effectiveness of new programmes and
ensure ease of replication beyond the research setting. 

Exercise programmes designed to prevent falls in older people have
two important advantages. Falls are very common so programmes are
likely to be cost effective when compared with other public health
measures in this population. Exercise is also beneficial to the
participants in additional ways such as decreasing fear of falling,
improving functional reserve by increasing strength and in improving
other important health areas as varied as cardiovascular health,45

sleep,46 depression47 and mortality.45

Summary

• Exercise programmes can be carried out safely in older people
• Exercise programmes must be regular and sustainable to be effective 
• More trials are required to determine the exercise type, frequency,

duration, and intensity most effective in lowering falls risk in different
groups of older people

Key messages

• Many different risk factors contribute to falls but muscle weakness and
poor balance underlie most falls

• Strength training against resistance and dynamic balance retraining
improve both strength and balance and in randomised controlled trials
have been shown to decrease the risk of falls and moderate injuries
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• Exercise programmes that are individually tailored and target those at high
risk may result in the greatest absolute reduction in falls and injuries

Case studies

Case study 9.1

PS, a 65-year-old woman, presents to her general practitioner with a painful
wrist. She is normally fit and well and on no medications except for the
occasional sleeping tablet. She was on her way to visit the optometrist when
she tripped on the curb and put her hand out to break the fall.

Case study 9.2

AM, an 83-year-old woman, was admitted from a nursing home following a fall
with resulting fractured neck of femur. History was obtained from the nursing
staff as AM suffers mild dementia. She is normally fit and active and
independent with ADLs. Usual medications include: Gliclazide, Calcitriol,
Digoxin, Metoprolol, Doxepin, and Furosemide. According to staff AM never lost
consciousness but collapsed when trying to rise from a chair using one crutch.
She landed on her left hip immediately complaining of pain and was unable to
walk on the hip. She said she was not dizzy or nauseated at the time of the fall.

Case study 9.3

JK, a 78-year-old man, was found by his wife unconscious on the floor of the
bathroom. He had a wound to his forehead. He has a history of angina, heart
disease, heart failure, CORD, NIDDM, all poorly controlled on maximal therapy.
He recently gave up smoking but still drinks one or two pints of beer a day. His
wife has observed that he has been less active of late with weight loss and
reduced appetite for six months. Medications include Digoxin, Furosemide,
Captopril, Temazepam, GTN Spray, Prednisone, Ventolin and Becotide
inhalers, and insulin. 

Sample examination questions

Multiple choice questions (answers on p 561)

1 Falls prevention exercise programmes work on which of the
following premises:

A Muscle strength and balance are common risk factors for falls
B Exercise must be continued to be effective
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C Only fit elderly people should take part
D Strength training should be a gentle, optional extra exercise

2 Proven benefits of falls prevention exercise programmes to date
include:

A Decreased fear of falling
B Reduced admissions to rest home
C Improved functional independence
D Reduced hip fractures

3 In a systematic review on falls which electronic databases would
be searched?

A Web of Science
B Ovid
C Generator
D Cochrane Database of Systematic Reviews

Essay questions

1 Are falls prevention interventions targeting multiple risk factors
in older people more effective than those targeting single risk
factors?

2 Discuss the advantages and disadvantages of high intensity, high
frequency exercise interventions compared with low to moderate
intensity and frequency programmes designed to prevent falls and
injuries in older people.

3 Design a programme you consider would be successful in reducing
falls, and a protocol to assess the effectiveness of the
programme, for frail institutionalised elderly people. Would this
programme be suitable for residents with cognitive impairment?
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10: Does regular exercise
help in the treatment and
management of bronchial
asthma?
FELIX SF RAM, STEWART M ROBINSON,
PETER N BLACK 

Introduction

Subjects with asthma have a unique response to exercise or physical
activity. On the one hand, exercise can provoke an increase in airways
resistance leading to exercise-induced asthma (EIA). On the other
hand, regular physical activity and participation in sports are
considered to be useful in the management of asthma, especially in
children and adolescents,1 but this has not been investigated in the
same detail as the mechanisms of EIA.

Exercise-induced asthma can be prevented or reduced by pre-
treatment with a number of medicines including beta agonists,
chromones and leukotriene antagonists. Despite this, the fear of
inducing an episode of breathlessness inhibits many patients with
asthma from taking part in physical activities. A low level of regular
physical activity in turn leads to a low level of physical fitness, so it is
not surprising that a number of studies2,3 have found that patients
with asthma have lower cardiorespiratory fitness than their peers
although not every study has reported this.4

Physical training programmes have been designed for patients with
asthma with the aim of improving physical fitness, neuromuscular co-
ordination and self confidence. Subjectively, many patients report
that they are symptomatically better when fit, but the physiological
basis of this perception has not been systematically investigated. A
possible mechanism is that an increase in regular physical activity of
sufficient intensity to increase aerobic fitness will raise the ventilatory
threshold thereby lowering the minute ventilation during mild and
moderate exercise. Consequently, breathlessness and the likelihood of
provoking exercise-induced asthma will both be reduced. Exercise
training may also reduce the perception of breathlessness through
other mechanisms including strengthening of the respiratory
muscles. 
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We have conducted a systematic review to measure the effects of
physical training on subjects with asthma. This review was originally
published electronically in 1999 for the Cochrane Collaboration
(Airways Group). It has since been updated to encompass literature
search up to and including May 2001. With these reviews every effort
is made to locate all published and unpublished studies (without any
restriction on language) to answer the question. Explicit criteria are
used to select studies for inclusion in the review and to assess their
quality. If appropriate, a meta-analysis is used to produce an overall
result. Meta-analysis is a statistical procedure to quantitatively
summarise the results of randomised controlled trials. 

Objectives

This review was undertaken to gain a better understanding of the
effects of physical training on the health of subjects with asthma.
The objective was to assess the evidence from randomised, controlled
clinical trials (RCTs) of the effects of physical training on resting
pulmonary function, aerobic fitness, clinical status and quality of life
in patients with asthma.

Key message

Having asthma need not prevent you from obtaining the benefits of increased
physical activity. This review shows that people with asthma who take regular
exercise can improve their cardiorespiratory fitness and work capacity. Further
studies are necessary to determine if regular exercise reduces symptoms and
improves the quality of life in asthma.

Methods

Types of study and participants 

Only trials of subjects with asthma who were randomised to
physical training or a control intervention were selected. Subjects had
to be aged 8 years and older and their asthma had to be diagnosed
by a physician or by the use of objective criteria – for example
bronchodilator reversibility. Subjects with any degree of asthma
severity were included. To qualify for inclusion the physical training
had to include whole body aerobic exercise for at least 20 minutes,
two or more times a week, for a minimum of four weeks. 
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Search strategy

The following terms were used to search for studies: asthma* AND
(work capacity OR physical activity OR training OR rehabilitation OR
physical fitness). The Cochrane Airways Group, asthma and wheeze
randomised controlled clinical trials register (up to May 2001) was
searched for studies. Additional searches were carried out on Medline
(1966–2001), Embase (1980–2001), SPORTDiscus (1949–2001), Current
contents index (1995–2001) and Science Citation Index (1995–2001).
The reference lists of all the papers that were obtained were reviewed
to identify trials not captured by electronic and manual searches.
Abstracts were reviewed without language restriction. When more data
were required for the systematic review, the authors of the study were
contacted requesting the additional information or clarification. 

Box 10.1 The Cochrane Collaboration and the Cochrane Airways Group

The Cochrane Collaboration is an international network of individuals and
institutions which evolved to prepare systematic, periodic reviews of
randomised, controlled trials. Individual trials may be too small to answer
questions on the effects of health care interventions. Systematic reviews
which include all relevant studies reduce bias and increase statistical power
and make it easier to determine if a treatment is effective or not. With the
exponential growth of the medical literature (over two million articles are
published annually) systematic reviews help to distill this information down
and make it more manageable.

The Cochrane Collaboration is organised into 47 review groups including the
Airways Group which was established to prepare reviews on asthma and COPD.
Before the reviews are published electronically in the Cochrane Library they are
peer reviewed. Reviews are then updated at regular intervals. The Airways
group has 318 active reviewers and has completed 97 reviews. Another 77
reviews are in progress. More information about the Cochrane Collaboration
including abstracts of the reviews can be found at: http://www.cochrane.org.
The full text of reviews are available on subscription either on the internet or
on CD-ROM (http://www.update-software.com/cochrane.htm).

Data collection and analysis

The following outcome measures were looked for: 

• bronchodilator usage
• episodes of wheeze
• symptoms (recorded in daily diary cards)
• exercise endurance
• work capacity
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• walking distance
• measures of quality of life 
• physiological measurements (i.e. PEFR, FEV1, FVC, VO2max, VEmax,

HRmax, maximum voluntary ventilation). 

Two reviewers (FSFR, SMR) assessed the trials for inclusion by only
looking at the methods section of each paper without reading the
results of the study or the conclusions.5 Each reviewer independently

Table 10.1 Characteristics of excluded studies.

Study Reason for exclusion

Bundgaard et al 6 Both the groups were trained and the only difference was
the intensity of training with no difference in duration or
frequency of training.

Cambach et al 7 Study included a composite intervention and included
both subjects with asthma and chronic destructive
pulmonary disease (COPD). A physiotherapist-run
programme included breathing retraining, mucus 
evacuation and exercise.

Dean et al 8 The study was too short, being only for five days.
Edenbrandt et al 9 Frequency of physical training was low, subjects only

exercised once per week.
Graff-Lonnevig et al 10 Study was not truly randomised. Allocation was based

on who lived closer to the gymnasium and this group was
included in the exercise training arm.

Hallstrand et al 11 Study used control subjects who were healthy volunteers
and not subjects with asthma.

Henriksen et al 12 Subjects were said to be randomly chosen but the
intervention group of 28 were chosen from a total of 42
because they were inactive in sports and physical games
and had poor physical fitness. Control groups were 
more physically active than the subjects in the
intervention group.

Hirt et al 13 Mentioned as randomised, but all patients who were in
hospital were assigned to the group. Subjects who had
severe asthma were assigned to the control group.

Matsumoto et al 14 Study did not report data that was suitable for inclusion
in the review. No reply from author after multiple
requests. May be possible to include data in future
updates of the review. 

Neder et al 15 Not truly randomised, subjects were assigned to groups
consecutively. First 26 subjects entered the training
group and the next 16 subjects had no training.

Orenstein et al 16 Not truly randomised, subjects were assigned to groups
according to the availability of transport.

Svenonius et al 17 Not randomised since the subjects could choose which
group they would like to belong to for the study.
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applied written inclusion/exclusion criteria to the methods section of
each study. Disagreement about inclusion of a study was resolved
whenever possible by consensus and the third reviewer (PNB) was
consulted if disagreement persisted. All trials that appeared
potentially relevant were assessed, and if appropriate were included in
the review. If an RCT was excluded on methodological grounds, the
reason for exclusion was recorded (Table 10.1). 

The methodological quality of the included trials was assessed with
particular emphasis on treatment allocation concealment, which was
ranked using the Cochrane Collaboration approach:

• Grade A: Adequate concealment 
• Grade B: Uncertain
• Grade C: Clearly inadequate concealment 
• Grade D: Not used (no attempt at concealment). 

Two of the reviewers independently extracted data from the trials.
The trials were combined for meta-analysis using Review Manager 4.1
(Cochrane Collaboration). A fixed effect model was used. The outcomes
of interest in this review were continuous data. Data from each of the
continuous outcomes were analysed as weighted mean difference
with 95% confidence intervals. 

Results

The electronic search yielded 731 potential studies: 25 references
were found in Embase, 82 in Medline, 76 in SPORTDiscus and 548
from the Cochrane Airways Group, asthma and wheeze randomised
controlled clinical trials database. Additional 28 references were
added from bibliographic searching of relevant articles. Of a total of
759 abstracts, 49 dealt with physical training in asthma. The full text
of each of the 49 papers was obtained and translated where necessary
(one each from French and German). Twenty RCTs were potentially
suitable for inclusion. Twelve6–17 were excluded for reasons detailed in
Table 10.1, and the remaining eight18–25 were eventually included in
this systematic review (Table 10.2). 

We wrote to the first authors of the included studies to clarify areas
of uncertainty. Most of the trials did not describe the method of
randomisation and did not make any references to allocation
concealment (blinding). All trials mentioned that subject allocation
was carried out randomly but none mentioned the method of
randomisation. Using the Cochrane Collaboration approach for
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allocation concealment, all trials included in this review were
allocated a grade “B” indicating that we were uncertain as to the
method of treatment allocation used by the authors in their trials. 

Figure 10.1 shows how the effect of physical training on VO2max

was assessed. The mean and standard deviation is shown for the
experimental group (training group) and the control group for each
of the five studies where VO2max was measured. On the right hand
side of Figure 10.1 the weighted mean difference (WMD) is shown.
This is the difference between the experimental and control groups,
weighted according to the precision of the study in estimating the
effect. With the statistical software used here (RevMan 4.1) this is the
inverse of the variance. This method assumes that all of the trials
have measured the outcome on the same scale and that for each
study the baseline VO2max was not significantly different between
control and experimental groups. Where the weighted mean
difference lies to the right of the line of zero effect it favours physical
training. If the 95% confidence interval does not cross the line of
zero effect, the result is statistically significant. The overall weighted
mean difference (95% confidence interval) for the five studies was
5·57 ml/kg/min (3·94 to 7·19), represented by the diamond at the
bottom of the figure – i.e.  physical training resulted in an increase
VO2max of 5·57 ml/kg/min. 

The χ2 value (7·01) gives an indication of the heterogeneity of the
studies. The test of heterogeneity shows whether or not the
differences in the results of the five studies are greater than would be
expected by chance. In this case the χ2 value has to be greater than
9·49 (4 degrees of freedom and α = 0·05) before the studies would be
considered heterogeneous. For VO2max it is 7·01 and therefore it can be
concluded that the RCTs contributing to this particular outcome were
not heterogeneous. This was true for all outcome measures reported
in this review.

Table 10.3 provides a summary of the results. The overall weighted
mean difference is shown for each of the outcome measures along
with the 95% confidence intervals. Physical training led to a
significant increase in VO2max (5 studies) and work capacity (1 study).
Figure 10.2 depicts these results graphically. Episodes of wheeze were
reported in only one study.22 Although the number of episodes of
wheeze was 7·5 days less in the training group, this difference was not
significant (p = 0·3). 

No data were available for the following outcome measures:
maximum voluntary ventilation, bronchodilator use, symptom diary
scores, exercise endurance, walking distance or measures of quality of
life. There were insufficient studies to justify subgroup analysis by
gender, age or exercise intensity. 
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Table 10.3 Summary mean result for each outcome.

Outcome Weighted mean 95% confidence Number of studies
measure difference interval contributing

to outcome
(study reference)

PEFR (l/min) −2·43 −43·98 – 39·11 2(20, 22)

FEV1 (l) −0·16 −0·40 – 0·07 3(19, 22, 24)

FVC (l) −0·22 −0·68 – 0·23 2(22, 24)

VEmax (l/min) 4·80 −2·78 – 12·38 2(19, 24)

VO2max 5·57 3·94 – 7·19 5(18, 19, 20, 24, 25)

(ml/kg/min)
Work capacity (W) 28·00 22·57 – 33·43 1(18)

HRmax (bpm) 3·64 0·99 – 6·28 3(18, 20, 24)

Episodes of −7·50 −22·42 – 7·42 1(22)

Wheeze (days)

The study reference is the reference number. PEFR, peak expiratory flow rate;
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; HRmax,
maximum heart rate; VEmax, maximum expiratory flow.

Review: Physical training for asthma

Comparison or Outcome WMD (95% CI)

01 Training vs Control

01 PEFR-I/min
02 FEV1-I
03 FVC-litres
04 VEmax-l/min
05 HRmax (bpm)
06 VO2max-ml/kg/min
07 Episodes of Wheeze (days)
08 Work Capacity-W

− 10 − 5 0 5 10

Figure 10.2 Overall meta-analytical results. Mean value for each outcome is
indicated by a square box with the line through it representing the 95%
confidence interval (CI). Mean values left of the zero effect line (0) favour control
and values on the right favours physical training, except for negative outcomes
(where a decrease in the outcome is “good”-for example, episodes of wheeze
and HRmax) where mean values left of the zero effect line favours training. A
weighted mean difference (WMD) is allocated for each study, which is a method
of the meta-analysis used to combine measures on continuous scales. PEFR,
peak expiratory flow; FEV1, forced expiratory volume in one second; FVC, forced
vital capacity; HRmax, maximum heart rate.
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Discussion

The clearest finding of this meta-analysis was that aerobic power
(VO2max) increased with physical training. This shows that the
response of subjects with asthma to physical training is similar to that
of healthy people26 and therefore presumably the benefits of an
increase in cardiorespiratory fitness are also accessible to them. Work
capacity i.e. the maximum work output, was only measured in one
study but it was also increased which is consistent with the
observation that VO2max is increased. 

No improvement in resting lung function was shown. This is not
surprising since there is no obvious reason why regular exercise
should improve PEFR or FEV1. Any benefits of regular exercise in
patients with asthma are unrelated to effects on lung function.

Typically physical training has no effect or slightly reduces the
maximum heart rate whereas maximum stroke volume, and thus
maximum cardiac output, are increased.27,28 In the studies which were
included in this review, maximum heart rate increased after physical
training.18,20,24 This suggests that cardiac factors did not limit the
maximum exercise capacity prior to training. Breathlessness or some
other non-cardiac factor may have terminated the baseline tests before
a true HRmax was achieved. The higher heart rate following physical
training may reflect the ability of subjects to exercise for longer. 

An alternative explanation, which is improbable, is that the
medication taken to prevent EIA caused the increased HRmax. Inhaled
beta agonists can raise heart rate above resting levels but
prophylactic medication was not changed during the study period
and there is no evidence that physical training alters the cardiac
response to β agonists. The significance of the effect of these agents
on heart rate lies in their alteration of the workload-heart rate
relationship and the possible consequences of this for exercise
prescription based on heart rate. 

Unfortunately, there was no data available on a number of outcome
measures of interest for this review i.e. exercise endurance (as
distinct from VO2max), symptoms (other than frequency of wheeze),
bronchodilator use and measures of quality of life. This review has
revealed an important gap in our knowledge about the effects of
physical training in asthma. There is, however, evidence from one
study7 which was excluded from this review, suggesting that physical
training may improve these outcomes. The study by Cambach et al
included subjects with asthma, but was not included in our review
because they also received education about their disease and
breathing retraining. This means that any benefit could not be
ascribed solely to physical training. Nonetheless, the intervention



resulted in significant improvements in exercise endurance time and
the total score for the Chronic Respiratory Disease Questionnaire
increased by 17 points compared to the control group. In subjects
with COPD, pulmonary rehabilitation does not lead to an
improvement in these parameters unless the subjects undertake
exercise training29 and the same may be true of asthma. A recent study
from Brazil15 allocated children to physical training or a control
group. The study was not included in the review because the
allocation of the subjects was not truly random, but it did find that
physical training led to significant reductions in the use of both
inhaled and oral steroids. 

There are a number of pitfalls in conducting systematic reviews.
Electronic searches of the literature may identify as few as 50% of the
relevant studies.30 Hand searching of journals may be useful to
increase the yield but is labour and time intensive. The Cochrane
Collaboration, Asthma and Wheeze Randomised Controlled Trials
register incorporates systematic hand searching (retrospective and
prospective) of 20 core journals in respiratory disease in an attempt to
improve the thoroughness of electronic searching in this area. So that
we did not miss any relevant papers we used several electronic data
bases in addition to the Asthma and Wheeze Randomised Controlled
Trials register and we checked the reference lists of all the papers we
obtained to identify studies we had not already found. This approach
will have reduced our chance of missing relevant studies. 

Another source of bias can occur with the selection of the relevant
studies from the titles and abstracts of papers. This source of bias was
reduced by having written inclusion and exclusion criteria and by
having two people independently review and select the papers from
the abstracts of the 759 studies which were identified. 

The review was restricted to randomised, controlled trials. This
eliminated a substantial source of data but this approach is justified
because the strength of the evidence obtained from randomised
controlled trials is much stronger than those obtained from other
studies. Adequate randomisation technique and treatment allocation
concealment have been found to be important aspects of good quality
trials. We attempted to assess the quality of randomisation technique
and allocation concealment in the studies that were included in the
review. Unfortunately, few of the studies provided information about
this, other than stating the subjects were randomised to physical
training or control groups. 

A potential weaknesses of this review is the small number of
subjects included. However, the studies which measured VO2max were
homogeneous and all studies showed a similar effect which was
highly significant (p < 0·00001). 
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Conclusion

In summary, one can conclude that aerobic power improves
following regular physical training in patients with asthma. This
appears to be a normal training effect and is not due to an
improvement in resting lung function. There is a need, however, for
further randomised, controlled trials to assess the role of physical
training in the treatment and management of bronchial asthma. In
particular it will be important to determine whether the improved
exercise performance that follows physical training is translated into
fewer symptoms and to an improvement in the quality of life. 

Summary: Data sources, inclusion criteria, and outcomes

• Twenty randomised controlled trials of physical training of patients with
asthma were identified in the literature covering the years 1966 to 2001. 

• Eight of these trials met the inclusion criteria: objective asthma diagnosis,
age (≥ 8 years), and at least 20 min whole body exercise on two or more
times a week for a minimum of four weeks.

• The outcomes of interest, resting lung function, asthma state and
cardiorespiratory fitness, were subjected to a meta-analysis.

Main findings

• Physical training resulted in a significant increase in cardiorespiratory
fitness as measured by the increase in VO2max. 

• Work capacity (W) was also significantly increased in one of these studies.
• There was no effect of physical training on resting lung function.
• No data were available on measures of quality of life.

Sample examination questions

Multiple choice questions (answers on p 561)

1 In individuals with asthma, regular physical training leads to
improvements in:

A Forced expiratory volume in one second
B Vital capacity
C Peak expiratory flow rate
D maximal oxygen uptake
E bronchial hyper-responsiveness.
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2 For systematic reviews of clinical trials to be reliable they should
not include:

A unpublished studies
B open, uncontrolled studies
C non-English language studies
D small studies
E large studies.

3 In subjects with asthma there is clear evidence that:

A β2 agonists should not be used before exercise
B physical training reduces the quality of life
C many types of physical training improve aerobic fitness
D physical training should be restricted to children under the age

of 12 years
E only swimming improves aerobic fitness.

4 Physical training of asthmatic individuals has been shown to:

A reduce the need for bronchodilator use
B reduce the frequency of exercise-induced asthma
C increase the maximum voluntary ventilation
D increase the maximum exercise ventilation
E increase maximum work capacity.

5 The Cochrane Collaboration:

A prepares and maintains systematic reviews of the effects of
health care interventions

B is a collection of historical medical biographies
C disseminates information about non-scientific treatments for

human diseases and disorders
D maintains a database on the epidemiology of asthma
E is a non-profit organisation which sponsors research into

alternative therapies for asthma.

Essay questions

1 Discuss the advantages and disadvantages of systematic reviews
of randomised controlled trials in summarising evidence of the
effectiveness of health care interventions.

2 Write an essay on the role and benefits of physical training for
patients with asthma.
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Summarising the evidence

Outcome measure Results Level of
evidence*

PEFR 2 RCTs, both of small size A5
FEV1 3 RCTs, one of moderate size and A4

two of small size
FVC 2 RCTs, both of small size A5
VEmax 2 RCTs, one of moderate size and the A4

other of small size
VO2max 5 RCTs, one of moderate size and four A4

of small size
Work Capacity 1 RCT of small size A6
HRmax 3 RCTs of small size A5
Episodes of Wheeze 1 RCT of small size A6

“A” grade level of evidence (randomised controlled trials only) has been shown in
this review which have been graded as shown below. Arbitrarily, the following
cut-off points for study size have been used; large study ≥ 60 patients per study
group; moderate study ≥ 30 patients per study group; small study ≤ 15 patients
in each study group.
* A1: evidence from two or more large sized RCTs 
A2: evidence from at least one large sized RCT 
A3: evidence from two or more moderate sized RCTs 
A4: evidence from at least one moderate sized RCT 
A5: evidence from two or more small sized RCTs 
A6: evidence from at least one small sized RCT
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11: Does exercise help or
harm in osteoarthritis of
the knee?
ROBERT J PETRELLA

Introduction

Persons with chronic conditions of ageing such as osteoarthritis
comprise a large and growing proportion of the population.1 Even
though regular exercise has proven health and functional benefits,
inactivity increases as patients age. Certainly, patients with
osteoarthritis can improve pain control, proprioception, strength,
instability and endurance, all of which will improve functional
independence with regular exercise. Until recently, however, evidence
regarding exercise and osteoarthritis has been equivocal.2 Many
retrospective studies alleged possible negative relationship between
sports participation and certain occupations3,4,5; however, poor study
design has questioned their general applicability. This perception may
have limited the use of exercise for these patients, despite published
guidelines, including those of American College of Rheumatology.6

Impact of exercise on osteoarthritis has been described exclusively in
weight bearing articulations. For the purpose of this review, we have
limited the scope to the knee, which includes the bulk of the evidence
related to exercise to date.

Treatment guidelines for osteoarthritis of the knee have considered
exercise therapy as an important non-pharmacological treatment
approach.6 In addition, exercise therapy directly reduces disability
and corrects walking7.

Since the publication of treatment guidelines mentioned above6,
several new randomised trials of exercise therapy for osteoarthritis of
the knee have been published. This paper describes the current
evidence for exercise in the treatment of osteoarthritis of the knee.
Effort has been made to identify key determinants of effect including
elements of the training programme, quality of studies and
appropriateness of the outcome measures used.



Methods

What materials were used in the literature search?

Comprehensive computer assisted search of medical, sport and
rehabilitation literature (between June 1966 and January 2000) was
conducted using Medline search systems. Highly sensitive search
strategy of randomised controlled trials8 and systematic reviews was
used. References of relevant review articles and trials were screened to
identify references not contained in the main search. The search for
literature was conducted using the MeSH headings and textwords (tw)
of osteoarthritis or arthritis and knee (MeSH), exercise or physical
training (tw) (Table 11.1).

What were the criteria for studies considered
for inclusion?

Trial reports that met the following were eligible.

• The trial concerned patients with OA of the knee, and this was
assessed using either clinical or radiological criteria (or a
combination) for OA. 

• Treatment had been allocated using a randomised procedure. 
• At least one of the treatments had included exercise therapy.

Exercise therapy was defined as a range of activities to improve
strength, range of motion, endurance, balance, coordination,
posture, motor function or motor development. Exercise therapy
can be performed actively, passively, or against resistance9. No
restrictions were made as to type of supervision or group size.
Additional interventions were allowed. 

Evidence-based Sports Medicine

182

Table 11.1 Medline search strategy using Medline subject headings (MeSH)*
and textwords (tw).†

Step Search Results (1966–2000)

1 Osteoarthrits (MeSH) and knee or arthritis (tw) 1653
2 Exercise (MeSH) or physical training (tw) 67
3 1 and 2 23

*MeSH terms are assigned by Medline based on the subject content.
†Textword strategy will retrieve any article that includes the word in the title or
abstract, if the abstract is included in Medline.



• At least one of the following measures had been included: pain,
self reported disability, observed disability, patients global
assessment of effect. 

• Results had been published as a full report.

Trial reports were excluded if 1) they concerned peri-operative
exercise therapy, or 2) intervention groups received identical exercise
therapy and therefore no contrast existed between intervention
groups. No restrictions were made concerning the language of
publication.

Results 

Which studies were selected?

Sixty-seven publications were initially identified (Table 11.1). Thirty-
seven studies were excluded because of methodological criteria,
eight studies were excluded as they included review material, four
concerned peri-operative exercise therapy and two included data
reported in previous publications. Consequently, 16 publications
concerning 19 trials (Table 11.2) were included in this review.2,7,10–26

What was the methodological quality of the studies?

As a consequence of the nature of exercise therapy neither care
providers nor patients can be blinded to the exercise therapy. The
most prevalent shortcomings of exercise interventions concerned
co-interventions: the design of nine trials did not control for
co-interventions concerning physical therapy strategies or medications
and in eight trials there was no report of these co-interventions. Many
trials lacked sufficient information on several validity criteria:
concealment of treatment allocation, level of compliance, control for
co-interventions in the design, and blinding of outcome assessment.

Were the studies informative?

Information on adverse effects of exercise therapy of long-term
(greater than six months after randomisation) outcome assessment
was often missing in trial reports. In three trial reports, long-term
follow up was mentioned but no results were presented. Other
frequent deficiencies were in reporting on specification of eligibility
criteria and description of the interventions.
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Were the studies adequately powered?

The sample size and power of the trials varied widely. Nine trials
compared groups of less than 25 patients, while 5 trials compared
greater than 100 patients (median group size 39). Five studies2,10,12,14,20

were designed with sufficient power (> 0⋅80) to detect medium sized
effects. Two studies19,27 were designed with a nearly sufficient power
(0⋅67 and 0⋅71 respectively) to detect medium sized effects.

Outcomes

Is exercise therapy effective?

The majority of the trials identified were designed to study
differences between exercise therapy and placebo treatment or no
treatment. One of these trials was also aimed to study differences
between different exercise therapy interventions.17

What are the important outcomes in exercise
interventions?

Eight trials10,17,18,21–24,26 explicitly studied the differences between
exercise interventions. Pain was assessed in all eight trials. Three
outcome measures were used. In four studies24–28 information was
given concerning timing of pain assessment in relation to the days of
exercise. In one study25 outcome assessment preceded treatment,
while in another study26 pain was assessed the week following the
completion of treatment. Self reported disability was assessed in five
trials10,18,21,23,25, and walking in five trials.7,10,17,22,26

Data included assessment of aerobic walking programme, aerobic
hydrotherapy, and a non-aerobic programme directed to range of
motion. There was no evidence in favour of one type of exercise
therapy programme over another. 

Pain

Pain was used as an outcome measure in 14 trials. In these trials,
four different outcome measures were used to assess pain. No
information was available regarding timing of the pain assessment in
relation to the days of exercise. In one trial17 data presentation was
insufficient to calculate the effect size. One trial10 included two
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comparisons between exercise therapy interventions (aerobic exercise
and resistance exercise) and a placebo treatment.

Clinical setting

In the five trials with sufficient power2,10,12,21,23 there were
differences in terms of participants and content of the intervention.
Radiographic evidence indicated a mild-moderate stage of disease and
patients were recruited through physicians also used community-
based recruitment. The Van Baar et al2 trial concerned supervised
individual therapy, including strengthening exercises, range of
motion exercises, and functional training over 12 weeks while
Ettinger et al10 used three month’s supervised therapy followed by a
home-based programme for 12 months and Petrella and Bartha14 and
O’Reilly et al24 utilised only home-based exercise.

Exercises included aerobic or resistance exercises2,10 while Petrella and
Bartha14 utilised a progressive resistance programme over eight weeks.
In trials of Ettinger et al10 and Van Baar et al ,2 the supervised part of the
intervention took 12 weeks to complete. There would seem to be a
greater provider burden to deliver the programme by Ettinger et al10 and
Van Baar et al2 compared to Petrella and Bartha14 and O’Reilly et al24.

Kovar et al 20 studied two four-week exercise programs: individual
weight bearing exercises and supervised group therapy consisting of
non-weight bearing exercises. This study concerned patients with
knee OA for a mean duration of > 10 years, while participants were
recruited from the community and the clinic. The intervention
concerned an eight week supervised group therapy that mainly
consisted of “fitness walking”. Other studies concerned patients
with knee OA according to criteria of the American College of
Rheumatology who were recruited from both the community and the
clinic,15 and patients with knee OA (not specified) who were recruited
in the clinic11 and included exercise interventions consisting of a
12 week walking programme15 or an 8 week strength training
programme monitored on a dynamometer11.

Thus, the evidence indicates a small to moderate beneficial effect of
exercise therapy on pain in knee OA. This effect was found in
participants with minimal-moderate OA who recruited from both
community and clinic and were being treated with various types of
exercise therapy for at least eight weeks.

Self reported disability

Self reported disability was measured in six trials. Three different
measures were included. In one trial,11 data presentation was
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insufficient to calculate the effect of exercise on disability. In two
trials with sufficient power,2,10 small effects on disability were
observed. Among the three trials with low power,15,19,20 a large effect
in two of the three trials19,20 was observed. 

It can be concluded that there is evidence for a small beneficial
effect of exercise on self reported disability. This effect was found in
participants with minimal to moderate OA who were recruited from
both community and the clinic and were being treated with various
types of exercise therapy.

Walking

Walking was assessed in eight trials. In these trials, five different
assessments were used. In two trials11,17 data presentation was
insufficient to calculate the effect size.

In three trials with sufficient power2,10,23 a small beneficial effect of
exercise therapy on walking performance was observed. Petrella and
Bartha14 observed increased walking at self pace and self paced
stepping (two measures of clinical relevance) following their exercise
intervention. In conclusion, the evidence indicates a small beneficial
effect of exercise therapy on walking performance while Petrella and
Bartha14 showed significant effect on both self selected speed of
walking and stepping; both clinically relevant functional outcomes as
recommended by OMERACT.27

Patient global assessment of effect

In only two trials, global assessment of effect by the patient was
used as the outcome parameter.2,16 This indicates a need for future
studies to integrate beneficial effects of exercise according to patients’
global assessment.

Discussion 

Recent guidelines have advocated inclusion of exercise in treatment
of osteoarthritis of the knee6. However, past reports of exercise as an
etiologic factor in osteoarthritis of weight bearing joints3–5 may have
reduced implementation among physicians. Further, lack of standard
protocols, outcome measures and maintenance strategies may have
also contributed to poor exercise implementation.
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Background and rationale

Two recent well designed intervention studies2,10 have shown that
regular physical activity in patients with osteoarthritis reduced
disability; however, exercise adherence declined by half, 18 months
after the study.11 Among patients with multiple chronic conditions,
exercise programme non-participation and withdrawal remain a
problem.12 Hence, programmes that are specifically designed to the
needs of subgroups may effect long-term behaviour change and
exercise adoption in this population. A large, randomised,
multicentre study by Ettinger et al10 showed that older patients who
engage in either resistance or aerobic exercise achieved better pain
control and functional outcomes at 18 months compared to patients
who only attended an educational programme. However, patients in
that study continued to take various arthritis medications while in the
study, and there was no attempt to control for the class of medication.
This may make decisions regarding inclusion of exercise difficult for
practitioners.

We recently reported the effect of a brief home-based, progressive
resistance exercise programme for patients with unilateral
osteoarthritis of the knee.14 This programme consisted of a series of
three exercises completed over 10 minutes per day using common
household items. Compliance with the program at two months was
over 96%, no adverse events were reported and pain and physical
functioning measured using a self paced walking activity significantly
increased from baseline. Despite these positive findings, no dose-
response relationship between aerobic or resistance exercise and
osteoarthritis has been established. In addition, issues of long-term
adherence and efficacy for exercise in the treatment of osteoarthritis
are still unresolved. One other application of exercise therapy is the
interaction with intra-articular hyaluronate. Petrella et al28 have
recently completed a randomised trial of home-based exercise therapy
in addition to three intra-articular hyaluronate (10mg/ml) injections
and found this combination improved “activity-related” pain more
than when exercise was combined with NSAID. These and other
future well designed studies combining exercise with neutriceutical
products including glucosamine sulfate will further our ability to
ensure comprehensive treatment of patients with osteoarthritis of
the knee.

Key findings

Seventeen randomised controlled trials of the effectiveness of
exercise therapy in OA of the knee were assessed. It can be concluded,
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that exercise is effective in patients with OA of the knee. Available
evidence indicates beneficial effects on all studied outcome
parameters: pain, self-reported disability, observed disability in
walking, self-selected walking and stepping speed and patient global
assessment of effect.

Summary: Patient type

• Mild/moderate osteoarthritis
• Contemplating physical activity (contemplative stage of readiness)
• Impaired function, pain and stiffness but not severe
• Associated co-morbidities that would benefit from exercise (i.e. mild

obesity)

Effect size values indicated small effects on both disability outcome
measures, a small to moderate effect on pain, and moderate to great
effect according to patient’s global assessment of effect. Since pain
and disability are the main symptoms in patients with OA, exercise
therapy seems indicated. 

It is notable that conclusions are based on a small number of
studies. Only five randomised controlled trials had sufficient
power.2,10,14,21,23 Furthermore, trials frequently did not include all
relevant outcome measures especially with regard to observed
disability (i.e. walking) and patient’s global assessment of effect. In
addition, a number of different instruments have been used for the
assessment of specific outcome measures. The recently published
list of candidate instruments provided by Bellamy29 can be seen
as a first step in the accomplishment of standardisation of
assessment. 

Summary: Exercise type

• Aerobic ± resistance exercise
• FIT principles (frequency – three times or more/week; intensity – mild/

moderate such as walking or weight-bearing resistance; training duration –
at least eight weeks for results but should be encouraged as a “life-time”
behavioural change)

• Use standard outcome measures
• Counsel in office but utilise allied health staff such as physiotherapists

and kinesiologists as needed

Minimal information is available on long-term effects of exercise
therapy on OA of the knee. This lack of information concerning
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long-term effects is a remarkable omission, since the clinical
impression is that the effects disappear over time.

There is insufficient evidence to draw conclusions on the optimal
content of an exercise therapy intervention. The three trials with
sufficient power showed beneficial effects of different types of exercise
therapy: aerobic exercises, resistance exercises, or mixtures of several
types of exercise therapy.2,10,14 The trials comparing effects of different
exercise therapy programmes remain inconclusive.12,17,18

Methodological assessment revealed some major threats to validity
of clinical trials concerning exercise therapy. Blinding of providers
and patients was absent in all studies. As a consequence of the nature
of exercise therapy, blinding of both providers and patients is not
possible. Therefore blinding of outcome measures is vital. However, in
only half of the trial reports, was blinding outcome assessment
explicitly reported. Another potential source of bias was the
frequently occurring absence of information on adherence to the
intervention. This hampers the interpretation of a study with
negative results. It remains unclear whether the exercise therapy
intervention was ineffective due to the intervention itself or due to
participants’ failure to adhere to therapy.

Summary: Key findings and clinical implications

• Exercise is indicated for patients with mild/moderate osteoarthritis of the
knee but there are limited studies available

• Standard interventions and outcomes measures are needed
• Physicians should stress behaviour change to engage long-term benefit
• Long-term efficacy has not been established
• Strategies to promote exercise adoption for general health should be the

goal of physicians and their patients

In conclusion, the available evidence indicates beneficial short-
term effects of exercise therapy in patients with OA of the knee. Given
the limited number of studies available, this conclusion applies to
patients with mild to moderate OA who were recruited from both
outpatient settings and the community. Beneficial effects have been
found for various types of exercise therapy and recommended for
patients with OA of the knee with mild to moderate stage of disease.
Physicians should promote physical activity among their patients
with OA of the knee. Exercise can improve symptoms, potentiate
concomitant medications and improve health in general.

Further research could expand these findings. In particular,
additional clinical trials are needed to study the long-term
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effectiveness of exercise therapy. In the design and conduct of these
trials, specific attention should be paid to a sufficient sample size,
adherence to exercise therapy, controls for co-interventions, blinded
outcome assessment, and an adequate data analysis including an
intention to treat analysis. The incorporation of a standard set of
outcome measures29 in combination with the adoption of a standard
for reporting results30 will greatly enhance evidence synthesis in
this area.

Case studies

Case study 11.1

A 52-year-old women presents with a three year history of progressive pain
and limited functioning at work and during recreational activity. The patient is
the mother of three teenage children, works as a grocery clerk part-time and
has been physically active in a bowling league during the winter and a slopitch
baseball league during the summer months. She describes her pain as initially
in her right knee (which she claims to have injured playing baseball 24 years
prior while sliding, successfully into home-plate) primarily at the end of the day.
This pain has gradually progressed to being present with any weight bearing.
This pain has gradually progressed to being present with activity and has
resulted in  her requiring a chair at work, her failing to join recreational
activities this past year, and limiting walking to less than one city block. She
has tried acetomenophen, icing and a brace with no effect. She now has
similar pain and dysfunction in the left knee. On examination, she has a BMI
of 29, has valgus deformity of both knees (right>left) and audible crepitus,
pain with knee flexion to 40 degrees. There were bilateral small effusions and
positive joint line tenderness medially>laterally. Radiograph shows mild joint
space narrowing medially with osteophytes and a small 2×3 mm loose body.
Her goals are to return to recreational activity and experience less pain at
work. She is concerned also that her reduced activity has added a few
kilograms of body weight that she would like to lose. She is concerned
however that physical activity may have led to her knee problem and may have
also exacerbated it as well.

What would be your approach to this patient?

Sample examination questions

Multiple choice questions (answers on p 561)

1 What are primary outcomes appropriate for determination of
efficacy of exercise in osteoarthritis of the knee?

A Pain (VAS or WOMAC)
B Flexibility (Passive/active ROM)
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C Function (Walking/stepping, ADL)
D Pain with function

2 Exercise is best targeted at patients with which traits?

A Grade 4 OA?
B Mild/moderate symptoms?
C Patients not receiving pharmacological therapy?

3 Exercise should include:

A Aerobic activity including walking?
B Resistance exercise including knee extension, flexion?
C 10min/day, 3 or more times per day?
D Is limited to younger patients for short term benefit?

Essay questions

Please develop a treatment algorithm/summary using exercise for
each of the following patients. Please identify special issues.

1 A 42-year-old carpet layer and recreational golfer with unilateral,
Grade 2 OA of the right knee.

2 A 78-year-old widow with OA of both hands, knees and hips
awaiting bilateral knee arthroplasty in eight months.

3 A 58-year-old gentleman, two years post three vessel CABG with
right knee and hip OA.
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Summarising the evidence

Comparision/treatment Results Level of 
strategies evidence*

Exercise effectiveness overall 19 trials; 5 RCT A1
Exercise impact on pain 14 trials; 5 RCT A1
Exercise impact on self reported 6 trials; 2 RCT A3

disability
Exercise impact on walking 8 trials; 4 RCT A1
Exercise impact on patient global 2 trials; 1 RCT A3

assessment of effect

* A1: evidence from large RCT’s or systematic review
A2: evidence from at least one high quality cohort
A3: evidence from at least one moderate size RCT or systematic review
A4: evidence from at least one RCT
B: evidence from at least one high quality study of non-randomised cohorts
C: expert opinions
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12: Does physical activity
help weight loss in obesity?
LINDA S PESCATELLO

Introduction

In the last decade substantial increases in overweight {body mass
index (BMI) ≥ 25 kg/m2} and obesity (BMI ≥ 30 kg/m2) have occurred
in Canada, Australia, Europe, the United States, and Western
Samoa.1–3 From 1991 to 1998 the prevalence of obesity in the United
States has grown 50%.4 Overweight and obese adults now comprise
the majority of the American population with 61% persons reporting
a BMI ≥ 25 kg/m2. These alarming trends have resulted in a worldwide
obesity epidemic.5,6

Excess weight is associated with numerous diseases and conditions
including cardiovascular disease, Type 2 diabetes mellitus, hypertension,
dyslipidemia, osteoarthritis, sleep apnea, gall bladder disease,
infertility, and some cancers.7 The direct and indirect costs of obesity
are considerable, with associated expenses representing 7% of the
national health care budget in the United States and Netherlands, 4%
in France, and 2% in Australia.8 Clearly, over-nutrition is a serious
global health hazard associated with significant financial expense.

The obesity epidemic is attributed to environmental factors that
promote physical inactivity and excessive intake of calories and
high fat, energy dense foods leading to a state of chronic positive
energy balance.2,5,9 Ecological studies support the notion that declines
in energy expenditure may contribute more to the obesity epidemic
than increases in energy intake per se. In the United Kingdom the
prevalence of obesity has grown over 150% between 1980 and 1997;
whereas the household food intake decreased 20% over this same
time period.10 It appears that the significant increase in obesity
worldwide is due to greater declines in physical activity and increases
in sedentary behaviour than increases in energy intake.

Since leisure time physical activity has remained constant over the
last decade,11 the decrease in overall energy expenditure is thought to
be due to less participation in household, work and daily routine
physical activities.2,9 An important strategy for thwarting the obesity
epidemic is to reduce sedentary behaviour and engage in greater
amounts of physical activity that are accumulated throughout the
day. The weight loss achieved through this approach may not be
substantial enough to prevent overweight and obesity.12 It is also



easily eroded with greater food intake. Nonetheless, exercise induced
moderate weight loss (5 to 15% of body weight) is associated with
significant health gains.13–15

Overweight and obesity have become the norm in industrialised
societies worldwide. A viable public health strategy is to target
improving the health of those with excess weight through increases
in physical activity rather than striving for unrealistic body habitus
transformations via significant reductions in energy intake.16 Physical
fitness, of which habitual physical activity is a major determinant,
confers protection from cardiovascular and all cause mortality in
the presence of overweight and obesity.17 Although the primary
prevention and reversal of obesity is optimal, these goals may never
be attained in the industrialised world. A more realistic health
promotion strategy is to encourage participation in lifestyle physical
activities that are accumulated throughout the day resulting in
healthier body weights among the overweight and obese.16,18 The
purpose of this book chapter is to present evidence on the important
role that lifestyle physical activity has in achieving and maintaining
healthy weight loss in the presence of overweight and obesity. 

Summary

Exercise induced moderate weight loss (5 to 15% of body weight) is
associated with significant health gains. 

Methods

Recently a wealth of evidence-based scientific evidence has been
published on the role of physical activity in the treatment and control
of overweight and obesity. The extensive reference lists contained
within these documents were reviewed by the author for relevant
articles to include in this book chapter on the role that lifestyle
physical activity has in mediating a healthier body weight in the
presence of overweight and obesity. These reports included the
National Institutes of Health Obesity Education Initiative (OEI)19 in
which panel members conducted a systematic Medline review from
1980 to 1997 on key words relevant to the evidence-based model for
the treatment of overweight and obesity. Another key resource was
the proceedings of the American College of Sports Medicine (ACSM)
Consensus Conference18 in which the authors expanded the scope of
their reviews beyond the OEI in terms of years searched and
appropriate key words. Other reference lists consulted were the
World Health Organisation,3 the American Medical Association,6 the
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Surgeon General Report on Physical Activity,20 the AACE/ACE
Position Stand on the Prevention, Diagnosis, and Treatment of
Obesity,21 and reviews by Dunn, Andersen and Jakicic,22 and Ross,
Freeman and Janssen23 on the role of physical activity in the
treatment of obesity.

In addition, a Medline search was conducted from 1997 to the
present using various combinations of the major exposure measures
discussed within this review. Another valuable source of information
was the author’s subscription to the table of contents of related
scientific journals to this book chapter topic. Finally, the author’s
personal files accumulated from pertinent publications were
examined.24–29

Definitions and basic tenets

What is a healthy body weight?

Accumulating scientific evidence indicates that the risk of death
from cardiovascular disease and all causes increases throughout the
range of overweight (BMI ≥ 25 kg/m2) and obesity (BMI ≥ 30
kg/m2).30,31 Disease incidence actually begins to increase at a BMI well
below that level established as overweight (≥ 25 kg/m2).13,14 For these
reasons, adults of all ages are recommended to strive for a healthy,
normal weight between a BMI of 18·5 and 24·9 kg/m2.5 The World
Health Organisation BMI classification scheme for overweight and
obesity is shown in Table 12.1.

Excess abdominal fat in relation to total body fat is a significant
independent predictor of disease morbidity and mortality.18–20,28 A
useful clinical measure of abdominal fat is the waist circumference that
should now be taken as part of the routine physical examination.18,32

Overweight and obese adult men with waist circumferences greater
than 102 cm and women with waist circumferences greater than
88 cm with a BMI between 25 and 35 kg/m2 are considered to be at
greater disease risk than overweight and obese men and women with
waist circumferences less than 102 and 88 cm within this BMI range,
respectively. Table 12.1 contains the relationship between BMI and
waist circumference for defining disease risk.

The majority of adults in the United States and other industrialised
societies fall outside the desirable BMI healthy weight range of 18·5 to
24·9 kg/m2. Many obesity related diseases and conditions are
improved with relatively small decreases in body weight.13–16 Physical
fitness exerts a protective effect even in the presence of overweight
and obesity.17 A realistic health promotion strategy for the millions of
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overweight and obese persons is to strive for a healthier body weight
within the confines of an otherwise insidious chronic disease process.
An ideal approach for these people is to increase overall energy
expenditure to achieve a more healthy body weight in the presence of
their overweight and obesity.

Why lifestyle physical activity?

The traditional, structured exercise prescription failed to motivate
the majority of adults to become habitually physically active.20,29 This
fitness oriented exercise prescription advocated participation in
20 to 60 minutes of continuous aerobic exercise for 3 to 5 days/week
performed at 60 to 85% maximal oxygen consumption (VO2 max),
which is equivalent to 70 to 90% of the maximum age predicted heart
rate or 7 to 10 metabolic energy equivalents (METs).33 Table 12.2
displays the definitions and distinctions among these exercise terms.
Since most Americans do not usually exert themselves beyond 30 to
35% of the VO2 max,34 it is not surprising that these fitness
recommendations did not inspire people to become more physically
active. 

In recent years it has become evident that the quantity of exercise
needed for health benefit is less than that needed to improve physical
fitness.20,29,33 In addition, participation in vigorous intensity activity is
associated with increased risk of injury and death for irregular

Table 12.1 The World Health Organisation classification scheme for
overweight and obesity by body mass index, waist circumference, and
associated disease risk.5

Classification Obesity Body Mass Disease Risk*
Class Index (kg/m2)

Men ≤ 102 cm Men > 102 cm
Women ≤ 88 cm Women > 88 cm

Underweight < 18·5
Normal† 18·5–24·9
Overweight 25·0–29·9 Increased High
Obesity I 30·0–34·9 High Very High

II 35·0–39·9 Very High Very High
Extreme Obesity III ≥ 40 Extremely High Extremely High

*Disease risk for Type 2 diabetes mellitus, hypertension, and cardiovascular
disease
†Increased waist circumference can also be a marker for increased risk in
persons of normal weight.
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exercisers and those with disease34–36 that are common characteristics
of overweight and obese adults. For these reasons, exercise and
behavioural scientists continue to develope innovative ways to
motivate our predominately physically inactive society to become less
sedentary and more physically active.

Summary

The amount of exercise needed for health benefits such as lower blood
pressure and reduced abdominal fat is less than that needed to improve
physical fitness.

One encouraging approach has been the emergence of lifestyle
physical activity. Dunn and coauthors22 defined lifestyle physical
activity as the daily accumulation of at least 30 minutes of self
selected activities including leisure, occupational, and household
activities that are at least moderate in their intensity. These activities
may be planned or unplanned, structured or unstructured, and part of
routine tasks of everyday life. This book chapter will focus on the
health benefits of lifestyle physical activities that are of low to
moderate intensity, defined as < 40 to 60% of VO2 max, < 55 to 70%
of the age predicted heart rate or < 4 to 6 METs for middle aged
persons 40 to 64 years of age (Table 12.2). This level of exertion
seems most appropriate for overweight and obese adults who are
predominately sedentary and vulnerable to the adverse effects of
vigorous intensity exercise.

Table 12.2 Exercise terminology definitions and distinctions.29

Intensity % Maximum % Age Predicted Metabolic Energy Borg Rating Examples of
Oxygen Maximum Equivalents* of Perceived Physical Activities
Consumption Heart Rate (METs) Exertion
(VO2 max) (RPE)

Low < 40 < 55 < 4 < 12 Light housework
Light gardening
Walking for
pleasure

Moderate 40–59 55–69 4·0–5·9 12–13 Walking 
15–20 mile/mile
Cycling for
pleasure
Golfing without
a chart

Vigorous ≥ 60 ≥ 70 ≥ 6·0 ≥ 14 Sports Play

* 1 MET = 3·5 mL.kg-1.min−1VO2.
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Summary

Lifestyle physical activity is the daily accumulation of at least 30 minutes of
self selected activities including leisure, occupational, and household
activities that are at least moderate in their intensity. These activities may
be planned or unplanned, structured or unstructured, and part of routine
tasks of everyday life. 

Cardiometabolic health

Overweight and obese persons, especially those with excess
abdominal adiposity, are predisposed to a variety of cardiovascular and
metabolic diseases and disorders including hyperinsulinemia, glucose
intolerance, dyslipidemia and hypertension as well as Type 2 diabetes
mellitus and cardiovascular disease.5,7,19 The term cardiometabolic
disease was formulated to link the disorders of the Metabolic syndrome
(abdominal adiposity, hypertension, dyslipidemia, hyperinsulinemia
and glucose intolerance) that are predictive of cardiovascular disease
and Type 2 diabetes mellitus.24 The interrelated concepts of
cardiometabolic disease are presented in Figure 12.1. The remaining
discussion will focus on the cardiometabolic health benefits of physical
activity in the presence of overweight and obesity with emphasis on the
lifestyle approach. 

Physical activity and cardiometabolic health
in the presence of obesity

The consensus statements

The OEI19 established a categorical system for determining the level
of scientific evidence supporting conclusions regarding the threshold
or magnitude of the various treatment effects for obesity, one of
which was physical activity (Table 12.3). The levels ranged from A,
randomised controlled trials providing a consistent pattern for the
recommendations made, to D, the panel’s expert opinion when the
evidence was insufficient for placement in categories A through C.
The ACSM Consensus Conference on physical activity and obesity
utilised this same classification scheme for their report.18

In both of these scientific conventions, the interpretative emphasis
was placed upon Evidence Category A, randomised clinical trials. The
ACSM panel of experts arrived at the following conclusions, despite
limited evidence on the role of physical activity in the aetiology and
treatment of obesity.18,37



Diet in combination with exercise conferred greater benefit than diet
alone in maintaining weight loss. The influence of exercise alone on weight
loss was modest with a 1 to 2 kg reduction over a study duration of four to
six months (Evidence Category B).

Explanations for these somewhat unexpected findings included
small sample sizes, short study durations, poor adherence to exercise
prescription, methodological limitations in measurements of body
habitus and energy balance, and crossover effects between control
and experimental groups. Although not addressed in this consensus
statement, an important caveat to these observations is that when the
energy deficits induced by diet and exercise are comparable, the two
interventions produce similar weight loss results.15,23

The ACSM Consensus Panel made the following statements about
exercise and its influence on obesity associated cardiometabolic
diseases and conditions.37

Increased physical activity, with or without weight reduction, improves
insulin action and reduces insulin resistance in obese persons (Evidence
Category A). 

Exercise alone or exercise combined with weight loss attenuates the
progression from impaired glucose tolerance to Type 2 diabetes mellitus
(Evidence Category C).

Endurance exercise training when combined with a weight loss of ≥ 4·5 kg
improves the lipid-lipoprotein profile by raising high density lipoprotein
cholesterol and lowering triglycerides among overweight and obese men and
women (Evidence Category A).

Dynamic aerobic training, with or without weight loss, reduces blood
pressure among the overweight and obese with the greatest effects seen
among persons with hypertension (Evidence Category A).
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Figure 12.1 The concept of cardiometabolic disease24.



Physical activity, with or without weight reduction, is associated with
decreases in visceral and abdominal subcutaneous tissue, but not with
decreases in waist circumference (Evidence Category C); whereas the OEI19

concluded that physical activity modestly reduced abdominal fat among
overweight and obese adults (Evidence Category B).

The above statements delineate the important role that physical
activity has in the mediation of a healthier body weight among
overweight and obese adults without excessive caloric restriction or
substantial weight loss. The aerobic exercise interventions utilised in
the majority of the study designs from which these conclusions were
drawn involved structured programmes ranging in intensity from
moderate to vigorous. Because of sparse data, the ACSM Consensus
Panel did not comment on the cardiometabolic health benefits of
lifestyle physical activity among overweight and obese adults.

There is a growing body of evidence purporting the cardiometabolic
health merits of lifestyle physical activity among overweight and
obese adults. These preliminary reports are encouraging due to the
lack of long-term adherence (≥ 1 year) to structured endurance
exercise programmes and hypocaloric diets as strategies to result in
permanent weight loss. The National Weight Control Registry38 is
the largest study of overweight and obese persons successful at long-
term maintenance of weight loss. Those enrolled lost an average of
30 kg from a mean maximum weight of 100 kg for a duration of
5·6 years via a combination of diet and exercise. The unique identifier
of the weight loss maintainers was the report of a mean energy
expenditure of 11 830 kJ/week. Of this amount, 72% of the calories
expended consisted of a mixture of light to moderate intensity
physical activities. An essential component of long-term weight loss
maintenance among obese persons appears to be the expenditure of
sizable amounts of energy via a mixture of structured and unstructured
leisure and routine activities of daily living which is consistent with
the lifestyle physical activity concept.

The lifestyle physical activity approach

We examined whether the blood glucose lowering effect of daily
accumulated movement was modulated by obesity pattern in a large
sample of community dwelling older adults (Mean ± SEM, 74·0 ±
0·3 yr).26 Our indicator of accumulated daily physical movement
typical of the past month was a single question from the Yale Physical
Activity Survey39 that read, “About how many hours do you spend
moving around on your feet while doing things?” Investigators
assisted respondents by citing examples of activities that involved
moving about while doing things that ranged in energy expenditure
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from 2 to 4 METs and included light housekeeping, cooking, doing
dishes, grocery shopping, and leisurely walking at the mall.

Volunteers (n = 743) were mostly female (79·4%), non-Hispanic
white (82·6%) and of lower socio-economic status, with 58·1%
indicating an income at or near the poverty level and 52·8% reporting
that they had completed grammar school or less as their highest
education level. The total sample was divided into three body habitus
patterns: the centrally obese (n = 310) who relatively had a higher
body mass index (32·7 ± 0·3 kg/m2) and waist circumference (103·3 ±
0·5 cm); the overall obese (n = 79) who relatively had a higher body
mass index ( 30·8 ± 0·4 kg/m2) and lower waist circumference (87·5 ±
0·4 cm) ; and the normal weight (n = 354) who relatively had a
lower body mass index (23·88 ± 0·1 kg/m2) and waist circumference
(80·3 ± 0·4 cm). As hours per day of moving about increased, waist
circumference and blood glucose were reduced among the centrally
obese but remained similar among those with overall adiposity and
those of normal weight (Table 12.3). In contrast, average blood
glucose and waist circumference were not different by category of
hours of daily accumulated lower intensity movement in those with
overall obesity and normal weight.

Our findings on the health benefits of lifestyle physical activity
among older adults with central obesity are in agreement with other
reports involving young and middle aged overweight and obese
persons. These reports indicate that the cardiometabolic health

Table 12.3 Adjusted mean levels of abdominal adiposity and blood clucose by
category of daily movement among older adults with visceral obesity.26

Category of Daily Movement (hours/day)*

Cardiometabolic << 3 (n == 104) 3 to << 5 ≥≥ 5 (n == 72)
Parameter (n == 134)

Blood Glucose H (mmol/l) 8·6±0·4 6·6±0·4 6·3±0·4
Waist Circumference I (cm) 105·7±0·8 103·4±0·8 102·9±1·0

Values are Mean ± SEM.
*Self reported from a question on the Yale Physical Activity Survey, “About how
many hours per day do you spend moving around on your feet while doing things?”
Cited examples of moving about included light housekeeping, cooking, doing
dishes, grocery shopping and leisurely walking at the mall, activities which range
in energy expenditure between 2 and 4 METs.
Blood glucose is adjusted for age, gender, race, medication use and postprandial
state. Overall main effect, p < 0·001; < 3 vs. ≥ 3 hours/day, p < 0·01
Waist circumference is adjusted for age, gender, race and medication use.  Overall
main effect, p < 0·05; < 3 vs. ≥ 3 hours/day, p < 0·01 



benefits associated with exercise are more related to exercise volume
or total energy expenditure than cardiorespiratory physical fitness
per se.24,25,33,38 An important public health take home message from
this study is that a particularly high risk group (less affluent, sedentary
and viscerally obese older adults) was found to have a healthier
cardiometabolic profile merely by moving from the lowest category
of daily movement, < 3 hours/day, into a higher category of daily
movement, ≥ 3 hours/day. Although observational in nature
(Evidence Category C), our results suggest that 3 hours or more of
lower intensity, daily lifestyle movement are an adequate stimulus for
achieving improved blood glucose levels and reductions in abdominal
adiposity among viscerally obese older adults of lower socio-economic
status. 

Summary

The cardiometabolic health benefits associated with exercise are more related
to exercise volume or total energy expenditure than cardiorespiratory physical
fitness per se.

Lipoproteins were not measured in the previous study and may
have been favourably influenced by greater amounts of daily
accumulated movement. Accordingly, we investigated the influence
of lower intensity physical activity on blood lipids-lipoproteins in a
subsample of 155 community dwelling older adults.27 Volunteers
resembled the larger cohort26 and were mainly Caucasian (96·8%),
female (65·2%) and on cardiometabolic medications (60·6%) with an
average age of 74·2 ± 0·5 yr. After adjustment for medication use,
postprandial state, age, gender and visceral and overall adiposity,
greater levels of daily accumulated lifestyle movement were associated
with elevated high density lipoprotein cholesterol, reduced low
density lipoprotein cholesterol, a lower ratio of total cholesterol to
high density lipoprotein, and decreased blood glucose (p < 0·05)
(Table 12.4). Total cholesterol and triglycerides tended to be lower
with greater amounts of routine daily movement, although these
differences did not achieve statistical significance. These data concur
with our previous findings that lifestyle physical activity of low to
moderate intensity is associated with improved cardiometabolic
health profiles among community dwelling older adults, independent
of the strong confounding influences of abdominal and overall
adiposity (Evidence Category C).

Dunn and colleagues40 compared the effects of a behaviourally
based lifestyle physical activity program and a structured exercise
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program on cardiovascular disease risk factors in sedentary, healthy
middle aged men (n = 116) and women (n = 119) with a mean BMI of
28 kg/m2 over 2 years. The 121 men and women randomised to the
lifestyle physical activity programme also received cognitive and
behavioural strategies to assist with the initiation, adoption and
maintenance of habitual physical activities typical of everyday life.
The other 114 volunteers were randomised to a structured exercise
programme that was supplemented by educational awareness
strategies.

Over the 2 year study period, both groups decreased their body fat
and maintained their body weight. There were significant and
comparable average decreases in resting blood pressure, and increases
in VO2 max in the groups (Table 12.5). Improved blood lipid profiles
were noted in the structured exercise group but did not achieve
statistical significance in the lifestyle physical activity group. Another
interesting finding of this study was that both interventions prevented
the usual age related weight gain that is typically seen in middle aged,
overweight persons over a two-year time period.41 Regular participation
in lifestyle physical activity appears to be a realistic public health
treatment strategy to attenuate the cardiometabolic disease process

Table 12.4 Adjusted mean levels of blood lipids-lipoproteins and blood glucose
by category of daily movement in older adults.27

Category of Daily Movement (hours/day)

Variable ≥≥ 5 h/d << 5 h/d Mean Difference
(95% CI)

TC (mmol/l) 5·55 ± 0·18 5·82 ± 0·15 −0·27 (−0·72,0·18)
HDL (mmol/l) 1·45 ± 0·06 1·22 ± 0·05I 0·23 (0·07,0·39)
TC-HDL Ratio 4·18 ± 0·24 5·11 ± 0·21I −0·92 (−1·36,−0·48)
LDL (mmol/l) 3·29 ± 0·16 3·68 ± 0·14 (p = 0·74) −0·39 (−0·80,0·03)
Triglycerides 1·72 ± 0·15 2·09 ± 0·13 −0·37 (−0·76,0·02)

(mmol/l)
Triglyceride-HDL 3·24 ± 0·46 4·55 ± 0·39 (p = 0·59) −1·31 (−2·50,−0·12)

Ratio
Blood Glucose 5·92 ± 0·47 7·41 ± 0·37H −1·49 (−2·67,−0·31)

(mmol/l)

Values are Mean ± SEM.
Blood lipids-lipoprotein adjusted for age, sex, adiposity, postprandial state, medi-
cation use and method of blood sampling.  
Blood glucose adjusted for age, sex, adiposity, postprandial state and medication
use.
CI = confidence interval, TC = total cholesterol; HDL = high density lipoprotein
cholesterol; LDL= low density lipoprotein cholesterol.
Hp < 0.05, Ip < 0.01, ≥ 5 vs. < 5 h/d
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associated with overweight and obesity, possibly by stabilising body
weight in middle age adulthood (Evidence Category B). 

Anderson and colleagues42 examined short- (16 week) and long-term
(1 year) changes in weight and cardiovascular risk factors resulting
from 16 weeks of dietary intervention combined with either
structured, vigorous intensity aerobic exercise (n = 20) or moderate
intensity lifestyle physical activity (n = 20) among obese (32·9 kg/m2)
middle aged (42·9 yr) women. After the 16 week intervention
programme, all participants met quarterly and were weighed. At these
meetings, volunteers were asked to report the percentage of time in
weeks that they accumulated ≥ 30 minutes of moderate intensity
exercise on at least 5 days of a given week. 

Mean weight loss at 16 weeks was significant and similar for both
interventions, 7·9 kg for the lifestyle physical activity and 8·3 kg
for the structured vigorous intensity exercise group (p < 0·001).
Triglycerides, total cholesterol, low density lipoprotein cholesterol
and resting systolic blood pressure were significantly lower at 16
weeks versus baseline; whereas high density lipoprotein cholesterol

Table 12.5 Mean change in cardiometabolic health indices at two years
versus baseline by intervention group.40

Lifestyle Physical Activity Structured Exercise
(n == 121, 50·0% women) (n == 114, 50·9% women)

Indices Baseline Mean Change Baseline Mean Change

Body Fat % 31·5±7·9 −2·39H 30·9±7·2 −1·85H

VO2 max 26·8±6·3 0·77H 28·0±3·8 1·34H

(mL.kg-1.min–1)
TCHOL (mmol/l) 5·5±1·1 −0·11 5·6±1·1 −0·13*
HDL-C (mmol/l) 1·3±0·4 −0·03 1·3±0·4 −0·05*
LDL-C (mmol/l) 3·4±1·0 −0·04 3·5±1·0 −0·12*
TCHOL/HDL Ratio 4·7±1·7 0·06 4·9±1·9 0·20
Triglycerides 1·8±1·1 −0·11 1·9±1·2 0·07

(mmol/l)
SBP (mm Hg) 124·0±12·1 −3·63H 126·3±12·2 −3·26H

DBP (mm Hg) 86·5±8·7 −5·38I 87·7±7·4 −5·14I

Values are mean ± SD.
Values are adjusted for baseline measure, age, gender, body mass index and
ethnicity. VO2 max = maximum oxygen consumption, TCHOL = total cholesterol,
HDL-C, high density lipoprotein cholesterol, LDL-C = low density lipoprotein
cholesterol, TCHOL/HDL-C Ratio = total cholesterol to high density lipoprotein
cholesterol ratio, SBP = resting systolic blood pressure and DBP = resting diastolic
blood pressure.
* p < 0·05,  H p < 0·01 and I p < 0·001 adjusted mean change at 24 months vs.
baseline.
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and VO2 max were significantly increased in both groups (Table 12.6).
When interpreting the long term results, it is important to note that
between the 16 week intervention and study conclusion (1 year) both
the lifestyle physical activity and structured exercise groups
participated in essentially a lifestyle physical activity program. At
1 year, there was a tendency for more regained weight in the structured
exercise group (1·5 kg) than the lifestyle group (0·08 kg) (p = 0·06). At
one year, all other alterations in indices of cardiometabolic health
were similar between the groups compared to baseline (Table 12.6)
(Evidence Category B). 

The work of Dunn et al40 and Andersen et al42 in overweight and
obese middle aged adults indicate that lifestyle physical activity
programmes are as effective as traditional, more intense exercise
programmes in producing short- and long-term cardiometabolic
health gains in the absence of substantial weight loss. These results
are promising for overweight and obese persons in whom vigorous
intensity exercise imposes increased exertional discomfort,
orthopaedic and thermal strain, and cardiovascular risk.35,36 Lifestyle
physical activities are familiar, enjoyable, convenient, accessible and
time efficient because they may be accumulated throughout the day
in small time allotments within environmentally conducive
surroundings.20,29,39,42,43 Therefore, lifestyle physical activity programs
remove many of the commonly reported barriers to sustained
participation in structured exercise programmes among persons in

Table 12.6 Changes in cardiometabolic risk factors at 16 weeks and 1 year
versus baseline by intervention group.42

Lifestyle Physical Activity (n == 20) Structured Exercise (n == 20)

Indices Baseline 16 Weeks 1 Year Baseline 16 Weeks 1 Year

VO2 max 19·4±5·5 21·5±4·5I 24·6±6·6I 19·9±4·0 22·6±3·7I 22·4±4·8I

(mL.kg-1.min −1)
TCHOL 5·37±1·10 4·80±0·84I 5·21±0·77I 5·35±1·15 4·75±1·01I 5·23±0·84I

(mmol/l)
HDL-C (mmol/l) 1·33±0·30 1·19±0·24I 1·41±0·42 1·37±0·30 1·24±0·34I 1·43±0·41
LDL-C (mmol/l) 3·46±0·84 3·15±0·66I 3·31±0·55 3·46±1·07 3·08±0·96I 3·31±0·91
TCHOL/HDL 4·12±0·86 4·13±0·68 3·85±0·77* 4·02±0·97 4·04±1·17 3·91±1·14*

Ratio
Triglycerides 1·28±0·56 1·00±0·37I 1·06±0·58 1·14±0·56 0·93±0·51I 1·19±0·71

(mmol/l)
SBP (mm Hg) 126·0±16·7 1·14±12·3I 117·7±10·0H 121·6±17·9 112·9±17·2I 17·5±13·4H

DBP (mm Hg) 79·3±11·7 79·7±8·2 79·4±8·0 81·2±10·3 78·6±10·1 80·4±2·7

Values are mean ± SD.
VO2 max = maximum oxygen consumption, TCHOL = total cholesterol, HDL-C, high density lipoprotein
cholesterol, LDL-C = low density lipoprotein cholesterol, TCHOL/HDL-C Ratio = total cholesterol to high
density lipoprotein cholesterol ratio, SBP = resting systolic blood pressure and DBP = resting diastolic
blood pressure.
* p < 0·05,  H p < 0·01 and I p < 0·001 adjusted mean change at 16 weeks and 1 year vs. baseline.



need of their associated cardiometabolic health benefits, the
overweight and obese.

Summary

Lifestyle physical activity programmes are as effective as traditional, more
intense exercise programmes in producing short- and long-term cardiometabolic
health gains in the absence of severe caloric restriction or substantial weight
loss.

Other supportive evidence for the lifestyle
physical activity approach

Several studies have shown that home-based exercise performed in
multiple bouts combined with dietary modification are as effective as
continuous regimens in maintaining long-term weight loss and
improving cardiometabolic health indicators among overweight
middle aged women44–46 (Evidence Category B). Wing and Hill46

indicate that people who are successful at maintaining weight loss are
those reporting, sizeable amounts of accumulated daily energy
expenditure amounting to ≥ 1 hour per day of moderate intensity
physical activity. In order to achieve this daily caloric expenditure,
non-traditional approaches to exercise induced weight loss and
maintenance, such as lifestyle physical activity programmes, are needed
in a population that is predominately sedentary and susceptible to the
negative side effects of more structured, vigorous intensity exercise
training programmes.

Ross and coworkers15 recently performed a three-month randomised
clinical control trial to isolate the relative contributions of diet and
exercise to weight loss in obese, sedentary middle aged men.
Volunteers were randomly assigned to one of four groups: control,
diet induced weight loss, exercise induced weight loss, and exercise
without weight loss. The authors matched the negative energy
balance induced by diet and/or exercise in the three experimental
groups. Both weight loss groups lost 7·5 kg and had significant and
similar decreases in abdominal fat. Subjects in the exercise without
weight loss group also manifested significant reductions in abdominal
fat compared to control. When the negative energy balance induced
by either caloric restriction or energy expenditure is carefully
matched, as it was in this study, diet and exercise are equally effective
in achieving weight loss and reducing abdominal fat. Exercise in and
of itself also decreased abdominal fat, a finding which is consistent
with our work26 and that of others15 (Evidence Category A).
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Summary

When the negative energy balance induced by either caloric restriction or
energy expenditure is carefully matched, diet and exercise are equally
effective in achieving weight loss and reducing abdominal fat.

Conclusion

An obesity epidemic exists in the industrialised world and is
associated with negative health effects and sizable health care
expenditures. An obesity conducive environment is the culprit,
particularly physical inactivity and over nutrition. Of these two
offenders, declines in physical activity appear to have made the major
contribution to the global obesity epidemic. A viable public health
strategy to impede the progression of the obesity epidemic is to
reduce sedentary behaviour and encourage participation in greater
amounts of self selected physical activities that are accumulated
throughout the day, termed “lifestyle physical activity”. Preliminary
evidence indicates that this approach is associated with
cardiometabolic health benefits in the absence of significant weight
loss. Indeed, lifestyle physical activity programmes appear to be as
effective as more traditional, structured programmes in long-term
weight loss maintenance and cardiometabolic health improvements
among overweight and obese persons. Although prevention of obesity
is the optimal goal, we live in a world in which obesity is rapidly
replacing infectious disease and under nutrition as the most serious
health threat. At this time it seems prudent to advocate increases
in daily energy expenditure via a lifestyle physical activity approach
to achieve healthier body weights for the treatment of overweight
and obesity. 

Key messages

A behaviorally based lifestyle physical activity programme appears as effective
as a structured exercise programme in promoting habitual physical activity and
improving the cardiometabolic health profile of overweight and obese persons
without substantial reductions in body weight. By becoming habitually physically
active, these people achieve a healthier body weight in the presence of their
overweight and obesity. These findings are encouraging because a lifestyle
physical activity approach removes many of the commonly reported barriers to
sustained participation in structured exercise training programmes among a
group of adults in need of its associated cardiometabolic health benefits, the
overweight and obese.



Case studies

Case study 12.129

Evelyn Jones is a 45-year-old black woman who works as a secretary in a
large law firm. She has four children aged 18, 21, 23 and 25 years. She is a
single mother since her divorce nearly 15 years ago. Evelyn is concerned
about her weight and family history of high blood pressure and diabetes. She
knows that exercising would be good for her but she just does not have the
time. Working full time and being a single parent leaves her feeling exhausted.
Evelyn lives in an apartment in an unsafe neighbourhood with two of her grown
children. She is seeing you today for her annual physical examination. 

Medical History: Her mother died of a stroke at 60 years of age.

Physical Examination: Height 5′4′′, Weight 165 lb (gained 7 lb since last year),

Blood Pressure 138/86 mm Hg (130/82 mm Hg on her last visit).

Remainder of the examination was unremarkable.

Laboratory Findings: Blood Glucose 126 mg/dl, Total Cholesterol 225 mg/dl,
High Density Lipoprotein 45 mg/dl, Low Density Lipoprotein 142 mg/dl, and
Triglycerides 190 mg/dl.

The reader is referred to reference29 for a detailed discussion of the use of
exercise in the treatment of Evelyn’s obesity.

Case study 12.2

Rick Jeter is a 50-year-old non-Hispanic white male who is a police officer. He
has been married for 30 years and has two grown adult children who do not
live at home. Rick has a family history of cardiovascular disease with his
father having a heart attack at 55 years of age. His 75-year-old mother was
recently hospitalised with a stroke. Rick gave up smoking three packs of
cigarettes nearly 5 years ago. His wife would like Rick to accompany her on
her daily brisk walks to help them lose weight. Rick does not like to exercise.
He is seeing you today for his annual physical examination. 

Physical Examination: Height 5′10′′ Weight 190 lb (gained 5 lb since last
year),

Blood Pressure 146/92 mm Hg (138/88 mm Hg on his last visit).

Other than a waist circumference of 104cm, the remainder of the examination
was unremarkable.

Fasting Laboratory Findings: Blood Glucose 126 mg/dl, Total Cholesterol
230 mg/dl,

High Density Lipoprotein 38 mg/dl, Low Density Lipoprotein 152 mg/dl, and 

Triglycerides 200 mg/dl.

Physical activity and weight loss
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Case study 12.3

Mary Berman is a 70-year-old non-Hispanic white woman. She was married
for 45 years and recently became a widow. She has three grown children, two
of whom live near by. Despite her weight problem, Mary has been healthy her
entire life. She quit smoking cigarettes nearly 25 years ago. Other than
walking her dog up and down the street twice a day, Mary does not exercise.
Her children are fearful that she may become socially isolated and have
encouraged her to go to the local senior centre to join a Tai Chi class. They
also would like her to lose weight. The senior centre administrator has asked
you to provide medical clearance for Mary to participate in the various
exercise programmes offered at the facility. 

Physical Examination: Height 5′6′′ Weight 160 lb (gained 3 lb since last year),

Blood Pressure 130/80 mm Hg (same as last visit), Waist Circumference
86 cm.

Fasting Laboratory Findings: Blood Glucose 108 mg/dl, Total Cholesterol
202 mg/dl,

High Density Lipoprotein 35 mg/dl, Low Density Lipoprotein 137 mg/dl, and
Triglycerides 150 mg/dl.

Sample examination questions

Multiple choice question (answers on p 561)

1 Adults of all ages are recommended to remain within the normal
weight range which is associated with a body mass index of (kg/m2):

A 15–18·5
B 18·5–24·9
C 25·0–29·9
D 30·0–34·9
E B and C

2 Which of the following parameters is consistent with moderate
intensity physical activity for middle aged persons?

A VO2 of 50% of maximal capacity
B 5 METs
C 60% of the age predicted heart rate
D A and C
E All of the above
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3 Cardiometabolic disease is a cluster of which of the following
diseases and conditions?

A Diabetes mellitus
B Hypertension
C Type III familial hyperlipidaemia
D Buerger disease
E A and B

4 Which of the following statements are true?

A The influence of exercise on weight loss alone is significant with
a weight loss of 5 kg for up to 1 year

B Resistive weight training consistently reduces resting blood
pressure

C Regular participation in physical activity enhances glucose
utilisation

D Aerobic exercise lowers total cholesterol in overweight and
obese men and women

E All of the above

5 An essential component of long-term weight loss among
overweight and obese persons is:

A Engaging in a regular exercise training program of vigorous
intensity

B Expending sizeable amounts of energy via the lifestyle physical
activity concept

C Significantly reducing caloric intake for an extended period of
time 

D Participation in a three month resistive weight training program
E A, B and C

Essay questions

1 Which factor has made the greatest coutribution to the obesity
epidemic in the industrialised world – gluttony or sloth?

2 What are the associated cardiometabolic health benefits of a
physically active lifestyle among the overweight and obese either
in the presence or absence of weight loss?

3 Discuss the current cousensus of opinion on the optimal amount
of exercise to achieve a healthy body weight.
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13: How should athletes with
chronic low back pain be
managed in primary care?
BRUCE THOMPSON 

Introduction

Low back pain is a very common problem and, although 70% of
people in developed countries experience low back pain at some point
in their lives,1 there is a paucity of information on the management
of back pain in sport in primary care. The aim of this chapter is to
review the evidence on how best to manage adult athletes with low
back pain in primary care. As this is a vast area of clinical practice to
cover, the subject is focused by excluding back pain in athletes under
19 years of age, acute back pain, trauma or injury and also surgical
areas of management. Spondylolysis, spondylolisthesis and spinal
claudication are covered in individual chapters elsewhere in this
publication and so are also excluded from discussion here.

Low back pain is a subjective phenomenon and is difficult to
define.2 One commonly accepted definition is “pain in the area
between the inferior costal border and the gluteal fold accompanied
by all of the following: a) discomfort at rest, b) aggravated by a game
or practice and c) a subjective report of decreased performance due to
the low back pain”.1,3,4 Chronic low back pain is considered to be of
greater than 12 week’s duration.4 Good management of low back pain
needs to take the athlete’s complex views of the condition into
account5 and one third of general practitioners rated their satisfaction
with managing low back pain as 4/10 or less.6 As the incidence of low
back pain in athletes is likely to continue to rise, the sports medicine
physician needs to be comfortable diagnosing and treating lumbar
spine problems.7

Female athletes are more prone to low back pain than males8 and
the risk of injury in less fit individuals is increased by a factor of 10
when compared to fit counterparts.9 Physical activity of at least three
hours per week reduces the lifetime risk of low back pain – this may
be due to a combination of physical and psychological factors.10

Chronic low back pain patients have significantly lower trunk
strength when compared to healthy controls and this may be an
important risk factor for low back problems.11
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The causes of low back pain in the athlete are numerous but only
10–20% of patients can be given a precise pathoanatomic diagnosis.12

The causes of low back pain are many and may be considered as
shown in box below.13

Box 13.1 Causes of chronic low back pain

Mechanical – disc degeneration, tear or prolapse,
ligamentous damage, facet joint
pathology, muscular pathology.

Stenosis – spinal canal or lateral canal
Spondylolysis/spondylolisthesis
Metabolic bone disease – Paget’s, osteoporosis, osteomalacia
Tumours – primary or secondary
Inflammatory disease – Ankylosing spondylitis, Rheumatoid
Fracture – traumatic or overuse/stress
Referred pain – GUS, GIT, Vascular, psychogenic, LNs
Infections – osteomyelitis, TB, brucellosis

There are many aetiological factors to be considered in the
management of chronic back pain in an athlete. These include
techniques in sports such as weightlifting,14 the nature of traumatic
forces involved – compressive forces tend to cause vertebral end plate
fracture whilst torsional forces lead to annular tears,15 repetitive
training or competition movements,16 limitation of hip extension and
hip muscle strength asymmetry in females17 and muscle instability
due to lack of spinal muscle endurance.14 It has been stated that the
treatment of overuse injuries in sport is still based more on experience
than on scientific research.18

Epidemiology

Back pain in the general public is a major problem for the National
Health Service in the UK. There are an estimated 2 million general
practitioner and 300 000 hospital outpatient consultations annually
with an estimated 100 000 patients requiring inpatient treatment.
12·5% of total sick days from work are due to low back pain – the
largest single cause.13 In 1998 the direct health care costs of back pain
in the UK were estimated at £1 632 million.19 Low back pain is the
second most frequent clinical condition after the common cold20 with
sprains and strains the most common causes of low back pain.21

Within sport, chronic low back problems are very common with
10–20% of all sport related injuries involving the spine12,22 whilst
10–15% of spinal injuries occur in sportsmen.23 (Table 13.1)
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Anatomy

Although it is beyond the remit of this chapter to cover the
practical and functional anatomy of the lumbar spine in detail, it is
helpful to consider some features to aid the principles of
management. The basic functions of the human lumbar spine are to
efficiently transfer weight, provide stability and permit motion.7

Back pain rather than radicular pain implies a somatic origin of the
pain and the following considerations apply to the painful structure.

• It should have a nerve supply.
• It should be capable of causing the pain reported clinically.
• It should be susceptible to diseases or injuries known to be painful.
• It should have been shown to be the source of pain in patients.

The following structures which have been found to be causative of
low back pain: vertebrae, muscles, thoracolumbar fascia, dura mater,
epidural plexus, ligaments, sacroiliac joints, zygoapophysial joints
and the intervertebral disc.7,35 Mesodermal structures such as muscles,
ligaments, periosteum, joint capsules and annulus may refer pain to
the lumbosacral area, buttocks and upper thighs. The nature of this
pain is deep, dull and aching.36 Most pain arises from the facet joints
and intervertebral disc,21 and in particular the annulus in view of its
rich innervation.37

Biologic materials are anisotropic – that is their properties differ
according to their orientation. Bone is stronger in compression than

Table 13.1 Back pain in specific sports.

Sport Effect

Canoeists 22·5% suffered from lumbago24

Cross country skiers 64% suffered from back pain25

Cyclists 30–73·2% suffer from back pain16,26

Golfers 29–63% had back pain at some lifetime point2,18,23

Gymnasts 86% of rhythmic gymnasts reported low back pain27

whilst 63% of Olympic female gymnasts have
MRI abnormalities28

Rowers Mechanical back pain is the most common injury29

Squash players 51·8% competitive players reported back injury30

Swimmers 37% suffer back pain especially with breast and
butterfly strokes31

Triathletes 32% suffer from low back pain26,32

Windsurfers Low back pain is the most common ailment33

Yachtsmen and women Lumbosacral sprain is the most common
injury (29%)34



Management of chronic low back pain

219

tension and the disc can resist tension only.38 The sagittal curves of
the spine aid flexibility and shock absorbing capacity whilst the
centre of gravity normally lies anterior to the upright spine leading to
compression anteriorly on bones and tension posteriorly on
ligaments. Hence sports with alteration of the centre of gravity or a
hyperlordotic spine may lead to development of back pain.38

The annulus comprises 10–12 concentric rings inclined at 65–70
degrees from the vertical of which the outer third is innervated.7 The
posterior annulus is thinner than the anterior annulus leading to
more frequent posterolateral disc herniation.38 The water content of
the disc decreases by 70% by the seventh decade.23

The primary stabilising muscles of the lumbar torso are multifidii,
quadratus lumborum, longissimus, iliocostalis and the abdominal
wall.14 The flexors may be divided into psoas which has a short “lever”
to the spine and the abdominal wall which has a relatively longer
lever. The extensors are the posterior paraspinal muscles which are
relatively weak due to their short lever.38

The spine is divided into motion segments of two lumbar vertebrae,
the annular/disc complex and the soft tissues surrounding.39 Normally,
the vertebral bodies roll over the incompressible gel of the nucleus
pulposis, whose structural integrity is maintained by the annulus with
the posterior joints guiding and steadying the movement. With the
degeneration of any element the smooth roller action is lost.40 The
effect on nerve root function is shown in Table 13.2.

Methodology

The clinical question framed for which evidence was sought was
“how should athletes with chronic back pain be managed in primary

Table 13.2 Lumbar nerve root function.

Nerve root Muscle weakness Reflex Sensation

L2 Hip flexion Front of thigh
Hip adduction

L3 Knee extension Knee Inner knee

L4 Knee extension Knee Inner shin
Foot dorsiflexion

L5 Foot inversion Outer shin
Great toe dorsiflexion Dorsum of foot
Knee flexion

S1 Foot plantar flexion Ankle Lateral border of
Knee flexion foot and sole
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care?”. A Medline search combining the keywords of “back”, “sport”
and “primary care” revealed no published papers, whilst a Medline
search combining “back”, “pain” and “sport” limited to randomised
controlled trials in the English language in the last 10 years produced
12 papers (Box 13.2) which were mainly of little relevance to primary
care management. As most cases of non-specific low back pain are
similar in both the exercising and non-exercising patient a number of
papers on the evidence of treatment efficacy are applied to both
groups of patients in this review.

Box 13.2 Randomised controlled trials of back pain
and sport in adults 1990–2001

1 An experimental controlled study on postural sway and therapeutic
exercise in subjects with low back pain.

2 Water gymnastics reduced the intensity of back/low back pain in
pregnant women.

3 Glucosamine, chondroitin, and manganese ascorbate for degenerative
joint disease of the knee or low back: a randomised, double blind,
placebo controlled pilot study.

4 A prospective, randomised 5-year follow-up study of functional restoration
in chronic low back pain patients.

5 Oral contraceptive use among female elite athletes and age matched
controls and its relation to low back pain.

6 A randomised trial of walking versus physical methods for chronic pain
management.

7 Effect of lifting belts, foot movement, and lift asymmetry on trunk motions.
8 Randomised controlled trial for evaluation of fitness programme for

patients with chronic low back pain.
9 Soreness in lower extremities and back is reduced by use of shock

absorbing heel inserts.
10 Lifting capacity. Indices of subject effort.
11 Secondary prevention of low back pain. A clinical trial.
12 Lumbar corsets: their effects on three dimensional kinematics of the

pelvis.

References 41–52

Further searches were made as follows.

1 United States of America National Library of Medicine Medline
(“PubMed” – http://www.ncbi.nlm.nih.gov) was searched using the
following keywords: back AND pain AND sport. It was limited to
human English language studies on adults > 19 years of age
published in the last 10 years.

2 The Health Service network (HPSSNet) Medline (“Ovid” –
http://gateway.ovid.com) was searched using the following
keywords: back AND pain (expanded to include back, back injuries
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and low back pain) and sport AND medicine (expanded to include
sports and sports medicine). It was limited to human studies
published in the English language between 1990–2001.

3 The Cochrane Library Database of Systematic Reviews was
searched using the search terms back AND pain.

4 The Cumulated Index of Nursing and Allied Health Literature
database (“Cinahl” – http://gateway.ovid.com) was searched using
the following keywords: back AND pain (expanded to include
back, back injuries and low back pain) and sports (expanded to
include target sports, team sports, disabled sports, wheelchair
sports, winter sports, sports massage, sports medicine, sports
organisation, sports re-entry, sports science, American College of
Sports Medicine, aquatic sports, contact sports, endurance sports,
motor sports, sports team physicians, sports team, sports
psychology and racquet sports).

5 A manual search of personal sources, reference lists of papers
obtained, textbooks and medical and physiotherapy libraries
identified a number of other references.

The results of the searches are shown in Table 13.3.

History

The aim of history taking in low back pain is as follows.53

• To quantify morbidity – severity of pain and dysfunction, note
language used to describe pain i.e. emotional (awful, terrible etc.)
or physical (lancinating, burning etc.)

Table 13.3 Results of second database searches.

Database Search history Results

PubMed Medline Back Pain and Sport 51

Ovid Medline Back pain/Injuries/LBP 14 008
Back Pain/Injuries/LBP (limited) 5 963
Sports/sports medicine 15 968
Sports/sports medicine (limited) 4 101
Combined 46

Cinahl Back Pain/Injuries/LBP 3 226
Back Pain/Injuries/LBP (limited) 2 758
Sports (expanded) 1 653
Combined 25

Cochrane Back and Pain 87

Database Selected 11
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• To delineate psychosocial factors – effect pain has on social,
economic or legal issues

• To eliminate red flags
• To classify the clinical syndrome
• To pinpoint the pathophysiology.

One of the biggest problems in accurate assessment of patients with
low back pain is the lack of reliable subjective methods. One approach
to overcome this is the use of questionnaires. The Oswestry low back
pain disability questionnaire scores pain intensity, personal care,
lifting, walking, sitting, standing, sleeping, sex life, social life and
travelling and can be used to grade initial disability and as a measure
of recovery.54,55

Summary: Simple back pain

• Presentation between ages 20–55
• Lumbosacral region, buttocks and thighs
• Pain mechanical in nature – varies with physical activity and time
• Patient well
• Prognosis good – 90% recover from acute attack within 6/52

References 56, 57

Summary: Nerve root pain

• Unilateral leg pain worse than low back pain
• Pain generally radiates to foot or toes
• Numbness or parasthesia in same distribution
• Nerve irritation signs – reduced straight leg raising which reproduces leg

pain
• Motor, sensory or reflex change limited to one nerve root
• Prognosis reasonable – 50% recover from acute attack within 6/52

References 56, 57

It has been suggested that an athlete will have no secondary gain
issues so it is fair to infer that any athlete unable to participate has
significant pathology until proven otherwise.58 It should be
remembered that in athletes disc protrusion symptoms are not always
classical22 and that referred pain may cloud or confuse the diagnosis
in low back pain.40 Some symptoms in athletes may be subtle and
require careful clarification – sciatica may present with minor
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decreases in hamstring flexibility or altered running pattern.59 Young
athletes more commonly have a specific mechanical disorder
whilst older athletes have more generalised degeneration.60 It is
wise to remember the risk of osteoporotic vertebral collapse in an
amenorrhoeic athlete.38

There are a number of questions which may prove useful in
athletes.15,37,57,61,62,63

• Was there a specific incident leading to the injury? If so, what
happened precisely?

• What sport does the patient play and what is involved in
playing/training?

• Has the patient experienced similar symptoms previously? What
was the diagnosis, what treatment was given and did the problem
resolve totally?

• Have the symptoms come on gradually with repetitive
activity?

• Is the pain localised to the spine and is there a component that
radiates into the upper or lower extremity?

• Is there associated weakness, parasthesia, anaesthesia, altered
bowel or bladder control or unsteadiness of gait?

• What medication is the patient taking – analgesia, oral steroids
(ever), anti-cancer drugs (esp. tamoxifen)?

• Features of the pain – alleviating and exacerbating factors.
• Psychosocial features including economic factors.
• Current treatment and its success.
• Why is the patient consulting now?
• In what way is sporting performance affected?

Summary: Red flags for possible serious spinal pathology

• Presentation < 20 or > 55 years
• Violent trauma for example fall from a height, RTA
• Constant, progressive, non-mechanical pain
• Thoracic pain
• PMH carcinoma
• Systemic steroids
• Drug abuse, HIV
• Systemically unwell, weight loss
• Saddle anaesthesia, bladder/bowel upset
• Persisting severe limitation of spinal flexion
• Widespread neurological symptoms and signs
• Structural deformity

References 56, 57, 61
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In many cases a specific knowledge of the sport will provide insight
to potential causes of low back pain – for example, saddle type in
equestrian events.64

Examination

It is only by performing a complete and systematic examination
that an accurate diagnosis may be made.65 It is important to
understand from the examination the physical basis for the
symptoms that have caused the patient to complain – often this “is
only a matter of applying one’s anatomy” – Cyriax.

In athletes it may be necessary to ask the patient to exercise before
examination to reproduce the pain of which they are complaining
and any examination should be sport specific.18 The concept of the
“kinetic chain” should be considered to identify any underlying
abnormalities elsewhere in the musculoskeletal system which may
contribute to low back pain. These may include leg length
discrepancy,66 hamstring tightness,31 abnormal gait,39 imbalance of
flexors and extensors and other leg or shoulder factors.18

The examination should help to elucidate any “red flags”, any
stiffness or loss of range of movement, identify any neurological
deficit and help pinpoint the site of the causative lesion.53,61 In the
absence of a definite musculoskeletal cause for the patient’s low
back pain, examination of other systems to exclude a vascular,36

genitourinary or gastrointestinal cause should be undertaken.
From the articles selected for this review there is a lack of evidence

for the sensitivity and specificity of the commonly used examination
techniques but it cannot be concluded that there is an absence of
evidence. Detail of how to perform a detailed clinical examination of
the lumbar spine and the supporting evidence for specific tests is a
whole separate topic and best sought in texts of clinical examination.

Investigation

The use of investigations in primary care in the management of
athletes with low back pain will depend on local availability and
access. Judicious use, particularly of radiology, is necessary due to
the often poor correlation between images and the anatomical site
of the problem. Reports on correlation between back pain and
radiological thoracolumbar abnormalities in athletes are sparse and
contradictory.67
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Haematology

If a systemic cause is suspected then a full blood count, erythrocyte
sedimentation rate, bone profile and possibly prostatic specific
antigen level should be checked in the first instance.66

Radiography

Radiography of the lumbar spine in primary care patients with low
back pain present for >6/52 is not associated with improved patient
functioning, severity of pain or overall health status but is associated
with increased doctor workload.68 Less than 2% of radiographs will
exhibit significant radiographic findings12 and are not advocated
until a 4–6/52 trial of conservative treatment has failed36,57,68 unless
there are indicators for serious spinal disease. Radiographs will help
show fractures, pars defects, congenital or neoplastic processes and
should be considered only if the patient is in severe pain which is
well localised and upsetting walking or if there is a neurological
problem.37

Routine radiographs should include an antero-posterior, lateral and
both posterior oblique views. Flexion and extension views are not
needed routinely although weight bearing flexion and extension
views may demonstrate instability.36 Plain lateral radiographs will
demonstrate 85% of spondylolysis defects69 but 20% will only be seen
on oblique views.36 Spina bifida occulta will present on radiography
in 70% of adults with spondylolisthesis.

It is of note one study reports that patients receiving radiography
were more satisfied with the care they received.68

Isokinetic testing

Isokinetic testing may give more objective pre- and postrehabilitation
assessment but doubts exist about reliability.70 Many variables can affect
the result and normal values for each specific sport are needed.25,70

Electromyography

The role of electromyography is controversial as abnormalities are
often non specific36 although it may help to confirm the presence of
nerve root degeneration.66
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Isotope bone scan

This can be used to demonstrate active healing in spondylolysis71

although this has been superseded by SPECT scanning (single
photon emission CT) particularly for adolescent back pain and
spondylolysis.36,71,72

Discography

The diagnosis of internal disc disruption is by provocative pressure
controlled lumbar discography.7

CT scanning

CT scanning is at least as good as myelography with 90% sensitivity
and 66% specificity. Results need to be viewed in relation to history
and examination findings. Over the age of 50 years CT scanning may
be more beneficial particularly with demonstrating bony problems.36

MRI scanning

Although there is no relationship between MRI appearance and low
back pain73 MRI scanning is increasingly used to demonstrate the soft
tissues of the lumbar spine.

Treatment

The goals of treatment are to relieve pain, increase strength, motion
and endurance and to return to pre-injury athletic status.12 This
objective can be achieved by challenging muscle systems to achieve
sufficient functional stability but in a way that spares the spine
excessive exacerbating load.l4 The steps involved are:

• to stop inflammation
• restore strength
• restore flexibility
• restore aerobic fitness and thence return to full function.53

An excessive range of movement can lead to increased symptoms
whilst improving spinal muscular endurance can alleviate symptoms.14

Increased strength, however, is not always linked to a decrease in back
pain.26 Most of the conditions causing back pain in athletes can be
treated without surgery.37 Cookbook protocols are discouraged and



each athlete’s programme should be designed to meet individual
athletic goals7 with progress judged by function not pain.74

There are numerous therapeutic interventions for low back pain
and the evidence for many of these have been critically reviewed by
the Cochrane database among others. As mentioned before, most of
the evidence is not specifically related to athletes but I will include
details for completeness.

Acupuncture

There is no good evidence to suggest that acupuncture is effective
for the treatment of back pain.19,57,75

Analgesia and other drugs (except NSAIDs)

There is moderate evidence that paracetamol and paracetamol weak
opioid compounds prescribed at regular intervals effectively reduce
low back pain.57 Muscle relaxants effectively reduce acute back pain
and comparisons with NSAIDs are inconsistent. Strong opioids appear
to be no more effective in relieving low back pain symptoms than
safer analgesics such as paracetamol, aspirin or other NSAIDs.1,57 A
short course of oral steroids should be considered in patients with an
acute disc prolapse with significant radicular problems.9 There is
conflicting evidence that antidepressants are more effective in
relieving pain and strong evidence that antidepressants do not reduce
depression in patients with chronic low back pain.19

Back schools

A back school may be defined as consisting of an education and
skills programme, including exercise, in which all lessons are given
to groups of patients and supervised by a paramedical therapist or
medical specialist. Evidence suggests that back pain may be effective
for patients with recurrent and chronic low back pain in occupational
settings. Treatment may involve a three to five week stay in a
specialist centre.1,19,57,76

Bed rest

There is good evidence that for acute or recurrent low back pain with
or without referred leg pain, bed rest for two to seven days is worse
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than placebo or ordinary activity.57,77 There is insufficient evidence on
the effects of bed rest in patients with chronic low back pain.1

Behavioural treatment for chronic low back pain

Behavioural treatment (modifying environmental contingencies
and cognitive processes) seems to be an effective treatment for
chronic low back pain, but it is unknown what type of patients
benefit most from what type of behavioural treatment.1,19,78

Biofeedback

There is conflicting evidence on the effectiveness of
electromyographic biofeedback for chronic low back problems.1,19,57

Bracing

In discogenic back pain not responding to conservative treatment a
flexible polyethylene brace with 15 degree lumbar lordosis will allow
50% of athletes to return to sport.59

Exercise therapy

There is conflicting evidence on the effectiveness of exercise
therapy compared to inactive treatments for chronic low back pain.
Exercise therapy was more effective than usual care by the general
practitioner and equally as effective as conventional physiotherapy
for chronic low back pain and may be helpful for chronic low back
pain patients to increase return to normal daily activities and
work1,4,19,57,79–81 (the evidence reviewed included all types of exercises
such as specific back exercises, abdominal exercises, flexion,
extension, static, dynamic, strengthening, stretching or aerobic
exercises). There is little agreement as to which exercise regimes are
most effective at producing optimal therapeutic outcomes.4,11

If the pathology lies in posterior structures such as osteoarthritis of
the facet joints, spondylolisthesis or spinal stenosis exercises should
concentrate on flexion. If the pathology affects the disc then
extension exercises should be used.9,37 Initial rehabilitation should
focus on isometric strengthening progressing to slowly controlled
motion.82 Stabilisation exercises should be sport specific as the athlete
needs optimal stability of precise motor control of the spine.83,84
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Injection therapy

Facet joint injections (intra- or peri-articular)
A solid foundation for the effectiveness of facet joint injection is

lacking, partly due to the fact that firm objective criteria to diagnose
facet joint syndrome are lacking.1,19,57,85

Epidural injections
There is insufficient evidence for the effectiveness of epidural

injection therapy although there is a tendency towards results
favouring active over placebo injections. In patients with sciatica in
whom 6/52 of conservative treatment has failed, an epidural steroid
injection has a 40% success rate.36 Active injections contain steroid
with or without local anaesthetic, are invasive and pose rare but
serious potential risks.1,19,57,85

Local injections
There is insufficient evidence for the effectiveness of local injection

therapy (trigger point, ligamentous or sclerosant).1,19,57,85

Lumbar supports

There is no evidence for the effectiveness of lumbar supports for
secondary prevention of low back pain and it is unclear if lumbar
supports are more effective than other interventions.1,19,57,86

Manipulation

In acute and subacute back pain, manipulation provides better
short-term improvement in pain and activity levels and higher patient
satisfaction than the treatments to which it has been compared. The
optimum timing for this intervention is unclear.19,57,83,87

Massage

There is insufficient evidence to recommend massage as a stand
alone treatment for non-specific low back pain.88
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Multidisciplinary biopsychosocial rehabilitation

There is moderate evidence of positive effectiveness of
multidisciplinary (i.e. physician’s consultation plus either a
psychological, social or vocational intervention) rehabilitation for
subacute low back pain.19,89,90 This involves components such as
education, active exercise programmes, behavioural treatment and
relaxation exercises.

Non-steroidal anti-inflammatory drugs (NSAIDs)

This is the most widely used class of drugs for low back pain
world wide and evidence suggests that NSAIDs are effective for
short-term symptomatic relief of acute low back pain. It is unclear if
NSAIDs are more effective than simple analgesics or other drugs and
there does not seem to one specific type of NSAID which is more
effective. Combining NSAIDs with muscle relaxants does not seem to
offer additional benefit but combination with B vitamins was more
effective than NSAIDs alone.91

Physical agents

This includes ice, heat, short wave diathermy, massage and
ultrasound. These passive modalities do not appear to have any effect
on clinical outcome.4,57

Prevention

It has been found that inversion before fast bowling at cricket can
protect against spinal shrinkage.92 To prevent low back pain in field
hockey, players should have extension stretches and trunk
strengthening (isotonic and endurance) as part of their training.3

Shoe insoles and shoe lifts

There is no evidence that they provide any long-term benefit. Leg
length differences of less that 2 cm are unlikely to be significant.57

Staying active

There is strong evidence that advice to continue ordinary activity
can lead to less chronic disability and less time off work than
traditional medical treatments with analgesia as required. Graded
reactivation over a short period leads to less chronic disability.1,56,57



Traction

This does not appear to be effective for low back pain or
radiculopathy.19,57

Transcutaneous Electrical Nerve Stimulation (TENS)

There is inconclusive evidence on the efficacy of TENS in patients
with acute low back problems.4,57,93

Low back stability

The concept of “low back” or “core” stability is an increasingly
popular area in both the prevention and rehabilitation of low back
pain.11,14,74,84,94–96 The key aim is to optimise the performance of muscles
acting on the lumbar spine to prevent harmful movement. A review of
the evidence suggests those with greater ranges of spine motion have
increased risk of future troubles and that endurance, not strength, is
related to reduced symptoms.14 The developing philosophy is that a
spine must be stable in a neutral position before developing forces to
enhance performance.96 The principles of the Pilates approach are
similar with activation of the anterolateral abdominal wall and pelvis
whilst maintaining a neutral spine. Stiffness creates stability and joints
are inherently stiff due to the passive restraints of capsules and
ligaments. An undeviated spine can have sufficient stability with very
little muscle activation and the stability “margin of safety” is upset by
lack of endurance rather than strength.14 Hence the most justifiable
approach is to exercise a neutral spine for endurance not strength in a
way that encourages abdominal co-contraction and bracing.

The primary stabilising muscles of the torso include multifidii,
quadratus lumborum, longissimus, iliocostalis and the abdominal
wall. Training of these muscles can be done as follows.14,74,96

• Begin with a cycle of spine flexion/extension exercises on all fours
(“hump and hollow” or “cat-camel”) to aid flexibility.

• Quadratus lumborum – use of the side bridge progressing to rolling
from one elbow to the other whilst abdominally bracing.

• Abdominal muscles

a) several variations of curl-ups with one hand under the lumbar
spine to preserve neutral posture

b) side bridge as above.

• Back extensors – simultaneous leg extension with contralateral arm
raise (“bird-dog”).
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• The Swiss ball/gym ball can be used in a variety of ways to help
with lumbar stabilisation and strengthening.53,83,96 A balance board
may alternatively be used for proprioceptive training.

• Torsional resistance – raise a hand held weight while supporting
the upper body with the other arm and abdominally bracing.

• Forward lunges using a neutral spine can enhance hip flexors and
quadriceps. Dynamic exercises using a medicine ball can be used.
General training of aerobic fitness, latissimus dorsi and quadriceps
will help the athlete before returning to a more functional sporting
environment.96

Flexibility of quadriceps, hip flexors and hamstrings is important to
eliminate asymmetrical forces on the pelvis.74,96

Conclusion

It is apparent on searching for evidence on the management of
non-specific, chronic low back pain in athletes in primary care that
there are no published articles on the subject. Major reviews of the
evidence of management of low back pain in all patients have been
produced by the Cochrane database, the Royal College of General
Practitioners, the Clinical Standards Advisory Group98 and the Faculty
of Occupational Medicine among others. These show that only the
following treatments have good evidence to support their use:

• back exercises
• back schools
• behavioural therapy
• multidisciplinary pain treatment programmes.

Those managing athletes with chronic low back pain in primary
care should therefore concentrate their treatment in these proven
areas for both prevention and rehabilitation.

It is imperative that further research is done in this field to clarify
best clinical practice for the rapidly growing number of sportspeople
and their medical attendants.

Key messages

• Back pain is a major clinical and sporting problem.
• Many GPs are unhappy with their management of it.
• Detailed clinical history and examination, are much more important than

investigation – particularly radiographs.
• Prevention is better than cure – avoid provocative activities.
• Management ideally should be multidisciplinary with emphasis on exercise.
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Sample examination questions

Multiple choice questions (answers on p 561)

1 The following statements are correct regarding patients with
chronic low back pain:

A 50% of patients can be given a precise pathoanatomic
diagnosis

B 40% of people in developed countries will develop LBP at some
time

C Females are more prone to LBP than males
D LBP is the 2nd most common clinical condition in UK general

practice
E 90% can expect to recover from simple LBP within 6/52

2 The following are red flags for serious spinal pathology:

A History of violent trauma
B HIV
C presentation age 50 years
D thoracic pain
E female sex

3 There is good evidence for the clinical efficacy of the following
treatments:

A Acupuncture
B Traction
C Heat/ice
D Massage alone
E Back exercises

Essay questions

1 You are the medical officer to a professional rugby union club.
A member of the under-21 squad presents with lumbar pain.
Describe the steps you would take in establishing a diagnosis.

2 You are a general practitioner associated with a local amateur
soccer club. The star player presents asking for help to recover
from his long-term back pain as the cup final is in two week’s time.

3 Using your knowledge of clinical anatomy, describe how core
stability training may be helpful in the management of chronic low
back pain in three different types of athlete.
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14: How should you treat
spondylolysis in the athlete?
CHRISTOPHER J STANDAERT,
STANLEY A HERRING

Introduction

Spondylolysis can be defined as a defect in the pars interarticularis of
the vertebral arch. Spondylolysis and spondylolisthesis, a related
condition referring to the anterior displacement of one vertebral body
on the one below it, are generally viewed under the classification
proposed by Wiltse, Newman, and Macnab in 1976.1 In this
classification, the term isthmic spondylolysis is used to identify those
patients who have sustained a lesion in the pars. This defect is seen
relatively frequently on radiographic studies and may either occur
asymptomatically or be associated with significant low back pain.
Painful lesions of the pars are a particular clinical concern in
adolescent athletes, and a pars lesion should be considered in the
differential diagnosis of almost any adolescent athlete with a
complaint of focal low back pain. Establishing the diagnosis of a
symptomatic spondylolysis is contingent upon radiographic
demonstration of a lesion in the pars. This must be done, however,
with an awareness of the relatively high prevalence of asymptomatic
pars lesions in the general population. Multiple radiological studies
may be required to adequately assess an athlete with a suspected
pars lesion.

Approaches to the diagnosis and treatment of spondylolysis vary
significantly in reports in the medical literature. There are no studies
available of any large scale, controlled trials in the management of
adolescent athletes with spondylolysis. In order to arrive at a rational
treatment strategy for an athlete with spondylolysis, it is essential
to understand the known epidemiology, natural history, and
pathophysiology of the condition. Additionally, a treating clinician
must have a thorough understanding of the role of the different
imaging modalities and treatment options available. This chapter will
review the current medical literature in the areas mentioned above to
allow for the derivation of a rational diagnostic and treatment
strategy for adolescent athletes with spondylolysis. 
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Methods

Articles were selected for review by the following methods: (a)
Medline searches with review of abstracts to select relevant articles
(key words included: spondylolysis, low back pain, and adolescents);
(b) review of multiple textbooks felt likely to contain information on
spondylolysis; and (c) review of references in articles identified by (a),
(b), and (c). Over 150 publications were ultimately reviewed fully.
Publications were selected for inclusion in this chapter based upon
perceived scientific and historical merit, particularly as felt relevant to
providing a thorough understanding of the available knowledge
about spondylolysis. As no controlled clinical trials were identified,
this could not be used as an inclusion criterion.

Epidemiology and natural history

The incidence of spondylolysis for the Caucasian population
generally has been reported to be about 3–6%.2–4 Roche and Rowe4

studied 4 200 cadaveric spines and found an overall incidence of
4·2%. This number varied within subgroups of the population,
however, with rates of 6·4% for Caucasian males, 2·8% for African-
American males, 2·3% for Caucasian females, and 1·1% for African-
American females. There was no significant change in these rates with
increasing age from 20 to 80 years old. Other authors have similarly
noted males being affected two to three times as frequently as
females.2,3 The vast majority of spondylitic defects occur at L5
(85%–95%) with L4 being the next most commonly affected level
(5%–15%). More proximal lumbar levels are affected much less
frequently.2–8 Multiple studies have shown a strong association
between pars defects and the presence of spina bifida occulta
(Figure 14.2A).3,4,8–10 The rate of spondylolisthesis occurring with
spondylolysis has varied widely in different reports in the
literature,3,11–13 but two large scale studies on young athletes using
standing radiographs both reported that about 30% of individuals
with spondylolysis had an associated spondylolisthesis.6,7

In an important study that provides some insight into the natural
history of spondylolysis, Fredrickson, et al3 prospectively studied
500 first grade students with plain radiographs and performed
several smaller studies within their population. They found an overall
incidence of spondylolysis of 4·4% at age six. This number increased
to 5·2 % by age 12 and 6% by adulthood. Family members of affected
individuals had a much higher rate of spondylolysis noted than did
the population as a whole, a finding similar to that reported by other
researchers.14 Fredrickson, et al3 also studied 500 newborns with plain
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radiographs and found no cases of spondylolisthesis. They noted that
the pars is still cartilaginous in the neonate, thus making the true
diagnosis of spondylolysis difficult at this age. It is the general
agreement of multiple authors that the majority of cases are likely to
occur in the early school-age years.1,3,15–17 The overwhelming majority
of cases occurring in children of this age are asymptomatic.3

Interestingly, Rosenburg, et al18 studied 143 adults who had never
walked and found that none of them had a pars defect on plain
radiographs, although the views obtained were limited in some
patients.

The incidence of spondylolysis seems to be higher in the young
athletic population than in the general population. Jackson, et al10

studied 100 young female gymnasts with plain radiographs and found
spondylolysis in 11%, representing an almost five-fold increase
compared to the rate of 2⋅3% for the general Caucasian female
population in the study noted above by Roche and Rowe.4 In a review
of 1 430 radiographs on adolescent athletes (the majority of whom
were likely to have had LBP), Rossi6 noted a roughly 15% incidence
of spondylolysis for the group as a whole. Divers, weight lifters,
wrestlers, and gymnasts had disproportionately higher rates within
this group. In a recent review of 3 152 elite Spanish athletes, Soler and
Calderon7 found a slightly lower overall rate of 8⋅02% for the group as
a whole. They also noted higher rates of spondylolysis in gymnasts
and weight lifters, with throwing track and field athletes and rowers
additionally showing particularly high prevalence rates. Other
authors have similarly noted increased rates of spondylolysis in
gymnasts,19 football players,20,21 and a variety of other athletes.15,22–25

Two of the most frequently mentioned concerns in the extended
natural history of adolescents with spondylolysis are the risks of
progressive spondylolisthesis and of disc degeneration. Overall, the
risk of progression of spondylolysis with or without low grade
spondylolisthesis to a more significant slip is small. However, the
literature in this regard is somewhat problematic as there is no
standard used to define what degree of slip progression is significant.
Frennered, et al26 followed 47 patients ≤ 16 years old with
symptomatic spondylolysis or low grade spondylolisthesis for a mean
of seven years. The initial degree of slip was 9–14%. Only two (4%) of
their patients progressed ≥ 20% over the follow up period. They found
no radiographic or clinical correlates to the risk of slip progression.
Danielson, et al9 similarly reported that only 3% of their 311 patients
(mean age 16⋅2 years) had a slip progression of greater than 20% over
an average period of 3⋅8 years, respectively. They also found no clear
predictive variables associated with slip progression, including the
presence of spina bifida occulta. Blackburne, et al27 found that 12 of
their 79 patients had a slip progression of 10% or greater over a follow
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up period of one to 10 or more years, but four of these patients only
progressed 10% and two had presented with slips of 100%. None of
their patients who presented with a slip of <30% progressed to a slip
beyond 30%. Progressive slip was predominantly noted during the
adolescent growth spurt and was associated with the presence of spinal
bifida occulta in this study.27 Sietsalo, et al28 followed 272 children and
adolescents with spondylolisthesis and found that 23% of their
patients had > 10% progression over a mean follow up of 15·8 years.
Their group had a relatively large degree of slip at the time of
diagnosis (37⋅8% mean), and the only predictive variable identified
was an increased tendency to progress with an initial slip of greater
than 20%. The tendency to progress was more apparent in the age
groups correlating to the growth spurt of puberty. Although spina
bifida occulta was associated with more severe slips, its presence was
of no statistical value in predicting progression in this study.28 In her
study of 255 patients followed for at least 20 years, Saraste13 noted a
mean slip progression of 4 mm with only 11% of adolescents and 5%
of adults progressing > 10 mm. Fredrickson, et al3 also noted that
progression was uncommon in general and that they did not see
progression in any patient after the age of 16. There was no significant
difference in the risk for slip progression for females vs males in
multiple studies mentioned above,9,26–28 although several authors
have noted that the initial slip on presentation has been greater in
females.9,28,29

Muschik, et al30 specifically assessed the risk of slip progression in
child and adolescent athletes. They found similar numbers to those
reported for the general population, with 12% of their patients
showing a slip progression of > 10% over an average follow up of
4·8 years. Only one of their 86 patients progressed > 20%, and 9% of
their patients actually showed a partial reversal of displacement on
follow up. The initial degree of slip for all patients was 10·1%. They
found no significant relationship between the presence of spina bifida
occulta and progression, but they did note an increased tendency to
progress during the early growth spurt of puberty. All of their athletes
remained asymptomatic during the follow up period, and they felt
that there was no increased risk for progression with active sports
participation. Frennered, et al26 also noted no correlation between
athletic training and slip, progression of slip, or pain.

Disc degeneration developing in association with spondylolysis has
been studied relatively recently with the advent of magnetic
resonance imaging. In general, there is reported to be an increase in
the frequency with which disc degeneration occurs over time at the
level subjacent to a spondylitic lesion when individuals with low
back pain and spondylolysis with or without spondylolisthesis
are compared to unaffected controls.31,32 The increase in disc
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degeneration was particularly noted in older patients. Fredrickson,
et al33 recently reported long-term follow up data on their original
study subjects with spondylolysis3 and noted that only three of 15
subjects studied with MRI showed marked disc degeneration by the
sixth decade of life. Overall, the studies reported on this topic have
been small, and it is not clear if there are differences between those
patients with unilateral or bilateral lesions or those with or without
associated spondylolisthesis. 

Pathophysiology

The lesion of the pars interarticularis in spondylolysis is generally
considered to result from mechanical stress to that portion of the
neural arch.17,24,34–38 Wiltse, et al17 suggested that most cases of isthmic
spondylolysis should be considered fatigue fractures due to repetitive
load and stress rather than being caused by a single traumatic event,
although a single traumatic event may result in completion of the
fracture already developing. Farfan, et al37 hypothesised that a single
event leads to the initial microfracture in the pars, with progressive
fracture due to repetitive overload. Similarly, many authors have felt
that the increased rate of spondylolysis in athletes is related to the
increased forces in the lumbar spine associated with various athletic
activities.5,6,10,23,24,34

Several authors have looked at the effects of mechanical loading on
the pars interarticularis. In a modeling experiment, Dietrich and
Kurowski36 found that the greatest loads with flexion/extension
movements occur at L5/S1 and that the highest mechanical stresses
occur at the region of the pars interarticularis. Green, et al39 found
that activities involving repetitive flexion and extension subject the
pars to significant stress due to relative motion of the inferior articular
process associated with these movements. Cyron and Hutton35

performed cyclic loading on the inferior articular processes of
cadaveric lumbar vertebrae simulating shear force. They found that
this type of load pattern resulted in pars fractures in 55 of 74 vertebrae
studied and felt this clearly showed the vulnerability of the pars to
repetitive loading. Their study also suggested that the strength of the
neural arch increases up to the fourth or fifth decade of life, and they
hypothesised that this may be a factor in the low incidence of acute
pars fractures in older individuals. In a second study, they found that
the vertebrae that did not fracture with their protocol had a greater
cross sectional area of cortical bone in the pars than a random
population sample.40 Cyron and Hutton felt that the genetic
predisposition for spondylolysis may be related to a possible genetic
tendency for relative cortical bone density at the pars.40
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Clinical presentation

There is little in the way of formal study of the clinical presentation
of spondylolysis and related findings on physical examination. As
noted above, the vast majority of individuals found to have
spondylolysis radiographically are likely to develop the lesion
without symptoms.3 The clinical presentation of symptomatic
spondylolysis is described by many authors as a complaint of focal
low back with radiation of pain into the buttock or proximal lower
extremities noted occasionally.15,16,22,34,41,42 The onset of pain can be
gradual or start after an acute injury, and mild symptoms can be
present for some time with an acute worsening after a particular
event.15,17 Some authors feel that activities involving lumbar spinal
extension or rotation may particularly increase symptoms.7,17,41,43

Physical examination is often felt to show a hyperlordotic posture
with tight hamstrings.41,44 The only possible pathonomonic finding
noted in the literature is reproduction of pain by performing the one
legged hyperextension manoeuver (the patient stands on one leg and
leans backwards), with unilateral lesions frequently resulting in pain
when standing on the ipsilateral leg.17,34,41,44 This manoeuver may
clearly stress spinal structures other than the pars, and, as with any
clinical examination finding, the results of this manoeuvre should be
assessed in the context of the overall clinical picture. Neurologic
examination in isolated spondylolysis should generally be normal,
with radicular findings suggestive of alternative or additional
pathology. Overall, given the relative frequency with which
spondylolysis occurs in adolescent athletes, it needs to be considered
in the diagnosis of essentially every adolescent athlete presenting
with low back pain.

Summary

Isthmic spondylolysis is found in roughly 4–6% of the general population.

The vast majority of radiographically evident pars defects develop during early
childhood without symptoms.

The prevalence of spondylolysis is higher in adolescent athletes, ranging from
8–15% in studies of large groups of athletes.

Spondylolysis is a frequent source of low back pain in adolescent athletes.

Diagnostic imaging

The ability to demonstrate a pars lesion radiographically is clearly
essential in establishing a diagnosis of symptomatic spondylolysis.
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Multiple imaging modalities may play a role in the physician’s ability
to identify a symptomatic pars lesion. The majority of studies on
spondylolysis have used plain radiography, and much of the literature
on the prevalence of spondylolysis is based solely upon plain
radiography, with the large-scale cadaveric study of Roche and Rowe4

discussed earlier being a notable exception to this. With the advent of
newer imaging techniques, many of the more recent studies include
the use of nuclear imaging, computed tomography (CT), and/or
magnetic resonance imaging (MRI). The data derived from older
studies using only plain radiography need to be interpreted with
caution, as there clearly are many cases of spondylolysis identified on
some of the newer imaging techniques that are not noted
concurrently on plain films. This difference may potentially alter the
way we view the natural history and treatment of spondylolysis.

Plain radiography has been an important diagnostic tool for
spondylolysis for some time (Figures 14.1A–D, 14.2A–B). The defect in
isthmic spondylolysis is visualised as a lucency in the region of the
pars interarticularis. The lesion is commonly described as having the
appearance of a collar or a broken neck on the “Scotty dog” seen in
lateral oblique radiographs (Figure 14.1D). Visualising a defect in the
pars on plain radiographs can be difficult, however, and frequently
requires multiple views of the lumbosacral spine. Using anterior/
posterior (A/P), lateral, and lateral oblique views, both Libson, et al11

and Amato, et al2 found that roughly 19% of the pars defects
identified were seen only on the lateral oblique views. Amato, et al2

also used the spot lateral view of the lumbosacral junction and a 30
degree up-angled A/P view, and they found an additional 3⋅5% of
defects were identified only on these two views. The single most
sensitive view in this study was the lateral spot view of the
lumbosacral junction, which revealed the lesion in 84% of their cases.

Although widely used and studied, plain radiography has been
shown to be relatively insensitive compared with newer imaging
modalities. In the last twenty years, multiple studies utilising
radionuclide imaging have shown that bone scan and, particularly,
single photon emission computed tomography (SPECT) offer many
advantages over isolated plain radiographs in the diagnosis of
spondylolysis (Figures 14.3, 14.4). In 1981, Jackson, et al45 reported on
the use of bone scan in identifying pars lesions in young athletes.
They studied 37 consecutive athletes < 20 years of age with focal
lumbar pain and a clinical history suggestive of a pars lesion. All of
these patients underwent initial evaluation with bone scan and plain
films. They found increased uptake in the posterior elements in 25 of
these patients, and seven of these 25 patients had no evidence of a
pars defect on plain films. All seven of these patients ultimately
returned to unrestricted activity without recurrent symptoms after



conservative treatment. Six of the seven had normalisation of their
bone scans on follow up, while the other patient had a marked
reduction in uptake compared to the original scan. A study by Elliot,
et al46 also found that bone scan identified pars lesions in a number of
patients with negative plain films. 

Several studies have shown that SPECT is significantly more
sensitive than both plain films and planar bone scan. In 1988, Bodner,
et al47 compared plain radiography to planar bone scan and SPECT.
They studied 15 patients between 10 and 23 years old presenting with
low back pain. Ten of these patients had findings consistent with a
posterior element lesion on the SPECT scan, but only five of these
patients had a positive bones scan and only three had positive plain
films. Bellah, et al48 reported on a similar comparison study and also
found SPECT to be more sensitive than both planar bone scan and
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A B

C D

Figure 14.1 (A) Lateral oblique radiograph showing an early stage pars fracture
(B) Lateral oblique radiograph showing a progressive stage pars fracture
(C) Lateral oblique radiograph showing a terminal stage pars fracture
(D) Line drawing from (A) showing the “Scotty dog” with a disruption in its
“neck,” representing a fracture of the pars interarticularis.
(A) – (C) taken with permission from Morita et al 64
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plain films. They studied 162 patients (mean age 16⋅4 years) and found
that 91 patients had an abnormality on SPECT while planar bone
scan only detected 32 of these cases. Of 56 patients who had negative
radiographs, 25 had a pars lesion on SPECT. Planar bone scan
identified only nine of these 25 additional lesions. SPECT was notably
negative in five patients with pars lesions identified on plain films or
CT. A recent study by Anderson, et al49 found that, compared with
SPECT, plain radiography failed to demonstrate the pars lesion in 53%
of their patients and planar bone scan in 19%.

In addition to simply being more sensitive in the identification of
pars lesions than plain radiography, several studies have shown that
bone scan or SPECT may be helpful with the crucial task of
identifying symptomatic lesions. Studies by Elliot, et al46 and Lowe,
et al50 both suggested that a positive bone scan correlates with a
symptomatic lesion. Studies on SPECT provide additional support of
this concept. Collier, et al51 Lusins, et al52 and Raby and Matthews,53

all using different lines of research, similarly concluded that a positive
SPECT scan correlated strongly with a symptomatic lesion.

An important issue to consider in the use of radionuclide imaging
is that, while seemingly quite sensitive in the identification of pars

Figure 14.2 (A) Anteroposterior radiograph of 12 year old athlete with low
back pain showing spina bifida occulta of L5 (note incomplete formation of the
posterior neural arch)
(B) Lateral oblique radiograph of the same patient showing a possible pars
fracture at L5
Produced with permission from 74
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lesions, the specificity of this type of imaging is limited. It has been
noted by several authors that not all abnormalities seen in the
posterior elements on SPECT or bone scan represent pars lesions.48,54–56

Potential abnormalities that may result in an abnormal SPECT that
would otherwise be consistent with spondylolysis include facet
arthropathy or fracture, infection and osteoid osteoma. Additional
imaging, particularly with CT, is generally required to clarify the
bony abnormality in a patient with a positive SPECT study.

Like radionuclide imaging, CT scan has been shown to be
more sensitive than plain radiography in revealing pars lesions
(Figure 14.5).54,55,57,58 Congeni, et al54 compared CT to plain films and
radionuclide imaging. They studied 40 young athletes with LBP,
negative plain films, and a presumptive diagnosis of spondylolysis
based upon a positive bone scan or SPECT. They found pars lesions on
CT in 34 of these patients, with 18 appearing chronic and 16 with
signs of acute or healing fractures. Six patients with positive
scintigraphy had no clear fracture on CT, including several with stress
reactions and one with an avulsion fracture of an apophyseal joint.
The relative sensitivity of CT to that of SPECT is not fully clear
from this study, however. Congeni, et al54 interpreted their finding of

Figure 14.3 Planar bone scan, posterior view, of the patient in Figure 14.2 showing
a mild increase posteriorly on the left at L5. Produced with permission from 74



six patients with negative CT and positive radionuclide imaging as
showing a 15% false positive rate for radionuclide imaging. It could
also be that some of these cases represented false negatives for CT. The
true relationship between the two will be difficult to assess without a
controlled trial, and it may be best to think of them as complementary
tests, each revealing a different aspect of the anatomic and physiologic
state of the bone. 

Although less well studied than CT and radionuclide imaging, MRI
may also play a role in the diagnosis of spondylolysis. Its efficacy in
visualising the pars had proven somewhat problematic in early
studies, but more recent work with improved technical approaches
has proved more useful.55,59,60 MRI clearly offers advantages over
SPECT and CT in terms of revealing other types of pathology present
in the lumbar spine, and the lack of ionising radiation with MRI
may also contribute to this being a particularly desirable modality
in studying pars lesions,55 especially in the female adolescent
population. Yamane, et al61 studied MRI compared to CT and found
that MRI may be useful in identifying lesions in the pars before they
are noted on CT and, thus, may have the potential for identifying
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Figure 14.4 Single photon emission computed tomography (SPECT) imaging,
anterior view, of the patient in Figure 14.2 and 14.3 showing a clear increase in
the left posterior neural arch of L5. Produced with permission from 74
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stress lesions early in their clinical course. There was no comparison
to SPECT included in this study, however, nor any data on clinical
correlation to the findings on MRI. It should be noted that MRI, like
CT, does not assess if a bony lesion is metabolically active. Overall, the
role of MRI in the diagnosis and treatment of spondylolysis is not yet
clarified in the available literature.

Summary

Approximately 20% of pars defects seen on plain radiography are identified
on lateral oblique views only.
SPECT and CT have been shown to be more sensitive at identifying pars
lesions than plain radiography.
Studies indicate that a positive SPECT scan correlates with a symptomatic
lesion.
MRI may also be more sensitive than plain films but needs further study.

Figure 14.5 Computed tomography scan of the patient in Figures 14.2–14.4,
showing a fracture of the left pars interarticularis (arrow). There is also sclerosis,
but no fracture, in the right pars. Produced with permission from 74



Treatment

Treatment for spondylolysis has been studied using a variety of
diagnostic standards, therapeutic interventions, and outcome
measures. The lack of consensus on these issues and the lack of any
large scale, controlled clinical trials on the diagnosis and management
of spondylolysis make it difficult to define an optimal treatment
algorithm. The recent advances in imaging technology also limit the
practical utility of older studies that were based upon plain
radiography for diagnosis and follow up. Several recent studies that
attempt to stratify patients, based upon the radiographic appearance
of the pars lesion, provide data to suggest that there may also be
clinical subgroups that should be managed differently. Although
the comprehensive answers to questions on the treatment of
spondylolysis await further study, some of the currently available
studies on treatment are discussed below. The results of available
treatment studies are summarised in Table 14.1.

In a widely referenced study, Steiner and Micheli62 assessed bony
healing and clinical outcome in 67 patients with spondylolysis or
low grade spondylolisthesis that were treated with an antilordotic
modified Boston brace. All of their patients were diagnosed and
followed using plain radiography, and 25 of them underwent a planar
bone scan. Their patients followed a treatment regimen of brace use
for 23 hours per day for six months followed by a six month weaning
period, physical therapy, and allowance for athletic participation in
the brace provided that the patient was asymptomatic. Twelve of their
patients showed evidence of bony healing, with the earliest changes
appearing at four months, and 78% of their patients had good to
excellent clinical results including full return to activity and no brace
use. The overall rate of healing was 25% when patients with only
spondylolysis were considered. This study is somewhat limited by the
relatively small size, lack of controls, and the reliance upon plain
radiography for assessment of healing.

Blanda, et al5 reported on a similar study of 82 athletes with
spondylolysis and/or spondylolisthesis. The diagnosis in their study
was based upon plain radiography or bone scan with plain
radiography for follow up, and treatment consisted of activity
restriction, bracing, and physical therapy. Unlike Steiner and Micheli,62

however, they used a brace to maintain lordosis, worn full-time for
two to six months until the patient was pain free with daily activity
and spinal extension. The results of this study were similar to those
of Steiner and Micheli,62 with 96% of the patients with only
spondylolysis having good or excellent clinical results and 37% of
these patients showing radiographic union, although these numbers
include 15 patients who underwent surgery after failing non-operative
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treatment. This study is again limited by the lack of controls, size, and
reliance upon plain radiography and bone scan. 

Morita, et al63,64 and Katoh, et al65 have attempted to assess the
relationship between bony healing and the radiographic stage of the
pars lesion. These authors classified the pars lesions into early,
progressive, and terminal stages based upon either plain radiography
(Figures 1A–C) or CT. These studies have shown much higher rates of
healing in early stage lesions with essentially no healing in terminal
stage defects.64,65 Morita, et al64 studied 185 adolescents with
spondylolysis. Plain radiography or CT was used for diagnosis and
follow up and treatment consisted of activity restriction, bracing
with a non-specified “conventional lumbar corset” for three to six
weeks followed by the use of an extension limiting corset for three to
six months with rehabilitation once healing occurred. Healing was
noted in 73% of the early stage, 38·5% of the progressive stage, and
none of the terminal defects. Katoh, et al65 studied 134 patients
≤ 18 years old who were diagnosed with spondylolysis by plain
film. All the patients subsequently underwent CT evaluation
pre- and post-treatment and treatment consisted of relative rest only
(SK-personal communication). Healing was noted in 62% of the early
stage defects while none of the terminal defects healed. Clinical
outcome was not reported for these studies. Both of these studies, as
well as the study by Blanda, et al5 found much higher healing rates
for unilateral pars defects than for bilateral lesions. 

The use of bracing in the treatment of spondylolysis has been
controversial. There are many authors who advocate the routine use
of rigid brace use,5,25,62 and there are reports by others who do not
routinely use a rigid brace in the management of these
patients.45,54,64,65 Bony healing has been shown to occur with the use
of either a rigid brace,5,62 a soft brace,64 or no brace,45,65 and excellent
clinical outcomes are frequently achieved in the absence of bony
healing.5,62 Additionally, some biomechanical studies show that
intervertebral motion at the lumbosacral junction can be increased by
the use of a brace and that the greatest effect of a lumbosacral brace
is to limit gross body motion rather than intervertebral motion.66–68 It
may be that the role of a brace in a patient with spondylolysis is to
limit gross motion and, hence, overall physical activity rather than to
limit intervertebral motion in an effort to achieve bony healing. As
with other aspects of care for athletes with spondylolysis, this issue
warrants further study.

Surgical treatment for spondylolysis has generally been reserved for
patients that fail conservative care. Surgery is reported to be necessary
in about 9–15% of cases with spondylolysis and/or low grade
spondylolisthesis.5,62 Potential indications for surgical intervention
include progressive slip, intractable pain, the development of
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neurologic deficits, and segmental instability associated with pain.16,34

Surgery is generally not required to control pain.45 There are case
reports of patients being treated with external electrical stimulation
after failing other conservative means who then went on to show
bony healing.69,70 The role of this technique in the overall
management of patients with spondylolysis is certainly not well
defined, however. 

Current management

The preceding review of the literature on spondylolysis still leaves
the primary question of this chapter unanswered; namely, how
should you treat the adolescent athlete with spondylolysis? The
approach that follows is based upon the current medical literature
and relies upon an understanding of the natural history,
pathophysiology, diagnostic assessment, and treatment options
discussed above. The goals of this approach are to accurately identify
symptomatic lesions of the pars where present, to minimise exposure
to ionising radiation in the diagnostic assessment, to provide
appropriate treatment to reduce pain and allow for any potential
healing of the lesion when possible, and, ultimately, to optimise the
athlete’s functional abilities. We are fully aware that other
practitioners may approach the problem quite differently at times,
but we have found the approach described here to be consistent with
the current evidence and very effective for our patients.

In an adolescent athlete in whom the diagnosis of spondylolysis is
suspected, initial antero-posterior and lateral plain radiographs of the
lumbar spine are obtained. The primary purpose of obtaining the
plain films is to identify spondylolisthesis or any other readily
apparent bony anomalies. Oblique and coned down views of the
lumbosacral junction are not recommended for routine evaluation.
The medical evidence is quite strong that plain radiography has very
limited sensitivity and specificity in the diagnosis of a painful pars
lesion compared with other imaging modalities, and the use of
extensive plain radiographs offers little additional information to
assist in patient management. Given the currently available literature,
SPECT appears to represent the best available screening tool for the
identification of a symptomatic pars lesion.48,51–53,55 Thus, assuming
the plain films do not indicate the presence of another pathologic
process, a bone scan with SPECT imaging of the lumbosacral spine is
then obtained to identify any metabolically active bony lesions,
including a symptomatic lesion of the pars. If the SPECT shows an
area of increased radionuclide uptake consistent with a pars lesion, a
thin cut CT scan (with 1⋅0 to 1⋅5 mm axial, stacked images) is
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obtained through the region of the spine in which the abnormality is
identified on SPECT. This is done in order to both fully define the
nature of the bony abnormality and to stage the lesion by
radiographic appearance. Although the literature is limited, staging
the lesion appears to be important for establishing the likelihood of
obtaining bony healing and stratifying patients for treatment.64,65

The medical evidence on treatment of a patient with an identified,
symptomatic pars lesion is less clear than that regarding the
radiographic diagnosis. However, from the biomechanical and
treatment studies available, the essential element of initial treatment
appears to be relative rest. This specifically includes avoidance of all
aggravating sports activities and likely should extend to any physical
activity not required for basic daily function. Significant activity
limitation is used in order to reduce the stress applied to the pars by
motion. There is no evidence to show that the mandatory use of any
particular style of brace has any additional effect on the healing of a
pars lesion beyond that achieved by activity modification. The
variable most closely associated with healing is the radiographic stage
of the lesion.64,65 Biomechanical studies would suggest that
lumbosacral brace application restricts gross body motion but does
not limit, and may actually increase, intersegmental motion at the
lumbosacral junction.66–68 Brace use is thus recommended as an
adjunctive means of activity restriction if rest alone is not effective at
relieving symptoms after two to four weeks. 

The duration of imposition of relative rest and/or brace application
is dependent upon the radiographic stage of the lesion. If the patient’s
CT scan reveals an early or progressive stage lesion without significant
cortication and separation, rest is continued for three full months, as
the evidence would suggest that these lesions have a relatively high
likelihood of achieving a bony union and three months is the
minimum time required to obtain bony healing.61,64,65 At that point, if
asymptomatic and with full, pain free range of motion in the lumbar
spine, the athlete is started in a rehabilitation programme. The precise
components of an appropriate rehabilitation programme are not well
studied, but a dynamic lumbar stabilisation programme has been
found to be effective in managing low back pain in adults with
underlying spondylolysis or spondylolisthesis and may be helpful in
adolescent athletes.71 Athletes can return to their sport when they
have regained significant aerobic conditioning and can participate in
sports-specific retraining without any symptoms. In our experience,
this programme would typically allow for return to sports by about six
or seven months after the initiation of treatment. If the pars lesion is
a late stage, well corticated fracture, physical restoration for return to
sport is begun once the patient is asymptomatic, usually after about
four to six weeks of rest. Prolonged rest is not used in these patients
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as the literature would suggest that the likelihood of obtaining bony
healing is extremely low.64,65

If, at any point in the treatment programme, an athlete is not
progressing as expected, further investigation is performed in order to
identify any additional physical or psycho-social factors that may be
playing a role in the patient’s condition. The need for routine
radiographic follow up for patients with spondylolysis is not
substantiated in the literature and is recommended only when
expected to alter the clinical care of the individual athlete. In patients
with spondylolisthesis, however, there is strong evidence that routine
radiographic studies are necessary to follow adolescent athletes for
possible slip progression, which typically occurs asymptomatically
during the rapid growth phase of adolescence.12,27,28,30 The
comprehensive management of spondylolisthesis is beyond the scope
of this chapter but has recently been reviewed elsewhere.12

Summary

The vast majority of patients with symptomatic spondylolysis do well with
conservative care.
Many pars lesions may heal with conservative care, particularly early stage,
unilateral defects.
Osseous healing is not necessary to achieve an excellent clinical outcome
with full return to activities, although this would seem desirable to achieve
where possible.
There are no published controlled trials on treatment for spondylolysis.

Conclusion

Spondylolysis is a relatively common radiographic finding that
predominantly develops during early childhood without any
associated symptoms but may be a significant cause of pain in certain
individuals, particularly adolescent athletes involved in sports with
repetitive spinal motions. The pars lesion is likely to represent a fatigue
fracture due to the effects of repetitive stress imposed by physical
activity. Although the pars defect can frequently be identified by plain
radiography, radionuclide imaging (particularly SPECT), CT, and
possibly MRI may be needed to identify and stage a pars lesion or to
exclude other spinal pathology that may be present. The vast majority
of patients have excellent clinical outcomes with conservative care,
although there is limited long-term follow up reported of athletes
suffering pars lesions in adolescence. Actual healing of the pars lesion
seems more likely to occur in unilateral defects and in lesions with
earlier appearing radiologic characteristics.5,64,65 The varied approaches
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and outcomes described in the literature make it difficult to clearly
define the role of bracing, and rigid bracing does not seem to be
mandatory for the appropriate management of adolescent athletes
with symptomatic spondylolysis. One common thread to the majority
of treatment approaches in spondylolysis is relative rest and the
avoidance of activities that are associated with increased pain. This
may well be the central aspect of treatment, with the primary goal of
early stage treatment being minimisation of the biomechanical forces
responsible for the propagation of the stress reaction in the pars.
Clearly, further clinical study of spondylolysis is needed, particularly
longitudinal studies to enhance our understanding of the natural
history of this disorder and controlled clinical trials to study the type
and extent of treatment necessary to optimise patient outcomes. It is
our current opinion that treatment should proceed on an individual
basis after a careful assessment of the patient’s overall status and
identification of concrete treatment goals.

Key messages

Spondylolysis should be considered in the differential diagnosis of essentially
any adolescent athlete with low back pain.
SPECT scanning represents the best radiographic screening tool currently,
although its specificity is limited.
Radiographic staging of the lesion by CT may allow for better patient
stratification.
Relative rest is essential in treatment and should continue for at least
three months after the resolution of symptoms in earlier stage lesions with
potential for healing.

Case studies

Case study 14.1 A 17-year-old female presents with an eight month
history of low back pain. The patient plays competitive basketball and
participates in shot put and discus for her school’s track and field team. Her
low back pain began during preseason basketball practice and a prior fall and
significantly increased after a collision with another player while setting a pick
during a basketball game. After the basketball season ended, her symptoms
reduced, some within a few weeks. However, her low back pain progressed
significantly again with the onset of her track season. She notes that throwing
the shot put and doing squats in the weight room particularly aggravate her
pain. At the time of presentation, she is complaining only of focal, left sided
low back pain with no radiation of pain or other symptoms into her lower
extremities and no other joint or somatic complaints. She has not sought
other treatment for her back previously.
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Her past medical history is remarkable for a prior arthroscopic meniscal
repair in her knee several years earlier with no residual symptoms related to
this. Her developmental history is otherwise unremarkable. She takes no
medications. Her family history is notable for low back pain in a younger sister
that has been evaluated extensively at another clinic, although her parents are
not aware of a specific diagnosis being established.

Her physical examination reveals a pleasant, large framed female in no
acute distress. There is no evidence of symptom magnification. Her lumbar
spine shows no evidence of scoliosis or lumbar shift. She is somewhat
diffusely tender to palpation in the mid-lumbar spine. Lumbar flexion is full and
pain-free. Lumbar extension is moderately limited with reproduction of her
pain. One legged hyperextension manoeuver results in left sided low back pain
when performed bilaterally. Her neurological examinatian is normal in the
lower extremities. Hamstring range of motion is normal.

Initial radiographic studies with A/P and lateral views of her lumbar spine
are normal with no evidence of spondylolysis or spondylolisthesis. A bone
scan with SPECT imaging of her lumbar spine shows increased uptake in the
posterior elements of L4 on the left, felt to be consistent with an injury to the
pars interarticularis. A subsequent CT scan with 1⋅0 mm cuts from L3 to L5
is normal with no evidence of fracture.

Based upon the above, the patient is presumed to have a stress reaction
in the pars. She is advised to refrain from any significant physical activity
beyond that required for routine daily functioning. Her activity restriction
recommendations include no involvement in any sports activities or training.
Three weeks later, the patient has experienced a significant reduction in pain
but has some residual low back pain and is having difficulty fully complying
with the activity restrictions. She is provided with a soft lumbosacral corset to
be used during the day for additional activity restriction. She is pain free three
weeks later. At three months from the start of treatment, she is begun in a
reconditioning programme emphasising low impact aerobic conditioning and
early spinal stabilisation work. Two weeks later, she has a flair of her pain after
doing some short sprints. She is advised to use the soft corset again for a
few weeks and to limit her activity to lower impact aerobic activities. She
rapidly becomes asymptomatic again and resumes her rehabilitation
programme without any difficulty. By six and a half months after her initial
presentation, she is able to resume full activity without symptoms. One year
later, she continues to do well and participates in her state championship
meet in shot put.

Sample examination questions

Multiple choice questions (answers on p 561)

1 Which of the following best describes the current role of plain
radiography in the diagnostic evaluation of an adolescent athlete
with a suspected lesion of the pars interarticularis?

A To obviate the need for additional imaging.
B To show changes indicative of an acutely painful pars lesion.
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C To definitively clarify the nature of an abnormality seen on
SPECT imaging.

D To identify the presence of an associated spondylolisthesis,
lumbar segmentation anomaly, or other gross bony lesion.

E There is no role for plain radiography in the assessment of an
adolescent with low back pain.

2 In studies on healing of pars lesions with conservative care,
terminal stage sclerotic lesions have been found to heal with what
frequency?

A 100%
B 73%
C 38·5%
D 25%
E 0%

3 The increased rate of spondylolysis with certain sports is believed
to be related to which of the following?

A Participation of smaller athletes
B Repetitive extension, flexion, and rotational forces in the

lumbar spine
C Significant axial loading associated with landing after a jump or

dismount
D High velocity collision in contact sports
E Excessive rest

Essay questions

1 What factors seem to be involved in the particularly high
prevalence of spondylolysis for athletes competing in sports such
as gymnastics, weight lifting, and throwing track and field events? 

2 Describe the relative roles of currently available radiographic
imaging modalities in the diagnosis of an adolescent athlete with
suspected spondylolysis based upon the current medical
literature. 

3 Why is it not safe to assume that a defect in the pars interarti-
cularis identified on plain radiography is the cause of a given
athlete’s low back pain?

Portions of this text are modified from:
Standaert CJ, Herring SA. Spondylolysis: A critical review. Br J Sports
Med 2000;34:415–22.
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intervention group.
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15: Is there a role for exercise
in the prevention of
osteoporotic fractures? 
OLGA M RUTHERFORD

Introduction

One of the major demographic changes occurring in developed
countries is an increase in the number of people over the age of 60.
With a shift to an increasingly elderly population, there is a growing
need to maintain health and independence in older age. Within the
older population, osteoporotic fractures, particularly of the hip, are a
major health problem.1 Osteoporosis is a condition characterised by a
low bone mass and poor bone architecture. Trabecular plates thin and
develop holes and eventually whole plates can be lost. Cortical bone
also thins, and these processes render bones fragile and prone to
fracture after minimal trauma. In the United Kingdom alone the
problem affects up to one in three women and one in 12 men. There
is estimated to be an osteoporotic fracture every three minutes, and
the associated morbidity and mortality is very high. The total cost
to the NHS is in the region of £940m per year and is increasing
by 10% per year. The major fracture sites are the vertebrae, hip,
and radius. In men and women, fractures of the hip and spine rise
exponentially with increasing age, particularly in women after the
menopause. The incidence of wrist fractures starts earlier but levels off
after about 60 years; this is most probably due to slower reaction times
in the older person which prevents them from extending the arm to
break a fall. The incidence of osteoporotic fractures is about double in
women compared with men which is due in part to a generally lower
bone density across the age span.

Many fractures arise because of a fall, and nearly one third of people
over the age of 65 fall each year. Falls account for 82% of all accidental
deaths in the home in the over 75s,2 and many of these deaths are due
to fractures. There are many factors, other than bone strength that
can predispose someone to falls and fractures. These include low
muscle strength, poor balance and eyesight, stiff or painful joints,
slow reaction times, poor nutrition, psychoactive drugs, and poor
functional ability.3–6 Several of these could be improved with an
appropriate exercise regimen. It is therefore the purpose of this review
to look at the role of exercise both in maintaining bone density and



reducing the risk of falls. The potential adverse effect to the skeleton
of excessive exercise will also be considered. 

Methodology

The studies were selected from a Medline search over the past 20
years and from material already known to the author. Intervention
studies had to meet the criteria that there was a suitably matched
control group and that details of the exercises were given. 

Muscle strength in older age

The importance of muscle weakness in older age cannot be
underestimated. In a cross sectional study of healthy British women,
quadriceps strength decreased on average by 40% between the third
and eighth decade.7 In frail older people the loss may be greater. Part,
but not all, of this weakness is due to muscle atrophy (sarcopenia).
The quality of muscle also appears to be affected by age such that the
normalised (or specific) force is also reduced.7,8 The decrease in
specific force is particularly evident over the menopause and can be
prevented with hormone replacement therapy (HRT).8,9 In women
with osteoporosis, the specific force was found to be extremely low for
their age.10 This suggests that the factors implicated in skeletal loss
affect the ability of the muscle to generate force. The muscular forces
exerted on bone are probably one of the key factors in maintaining
bone health. Strategies aimed at preventing bone loss should also aim
to strengthen muscle. Aside from the potential importance of muscle
strength in fall risk, a good muscle mass may also be protective
against fracture after a fall as the tissue can act as a cushion absorbing
some of the impact forces. 

Measuring the problem

In the past 10–15 years there has been an enormous increase in
research into osteoporosis. This increase in attention is partly due to
the advances in the technology for measuring bone density in vivo
accurately, quickly, cheaply, and with a low radiation dose. Bone
mass or density is an important measure as it is one of the major
determinants of bone strength. The World Health Organisation
recently issued guidelines for the diagnosis of osteoporosis or
osteopenia (low bone mass) for the postmenopausal population who
have not already sustained a fracture. Osteoporosis is defined as a
bone mineral density (BMD) more than 2·5 SD below the mean for
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the young normal reference population, while osteopenia is a BMD
between 1 and 2·5 SD below the young mean.11

The most commonly used technique for measuring BMD is dual
energy x ray absorptiometry (DEXA).12 Although invaluable as a
diagnostic and research tool, users need to be aware of some of the
limitations of this technology. The scanner creates a frontal
projection of the skeletal site of interest and calculates an areal
density. At sites like the hip and radius, it is essential that the
orientation of the bone is the same on each scanning occasion to
ensure the same areal projection. When the lumbar vertebrae are
scanned, caution needs to be taken if vertebrae are damaged,
particularly if wedge or crush fractures, which may not be apparent
on the frontal image, are present (Figure 15.1). Damage or arthritic
changes to the spine can artificially increase the calculated density
and this is particularly common in older people. DEXA gives an
integrated measure of both trabecular and cortical bone, and it is the
former that may be more informative. Dual energy computerised
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Region Area BMC BMD
(cm2) (g) (g/cm2)

L1 12.45 11.69 0.939
L2 13.84 14.05 1.015
L3 15.09 16.37 1.085
L4 17.14 18.18 1.060

Total 58.52 60.29
Mean 1.030

Region BMD
(g/cm2)

L1 0.349
L2 0.525
L3 0.632
L4 0.888

Mean 0.628

A B

Figure 15.1 Dual energy x ray absorptiometry scan (Hologic QDR1000) of the
lumbar vertebrae for (A) a healthy young woman and (B) a patient with
osteoporotic crush fractures. Note the higher bone mineral density (BMD) values
for L3 and L4 because of the focal areas of high density. BMC, bone mineral
content. Produced with permission from 67



tomography (CT) does give a true volumetric density, and trabecular
bone in the vertebrae can be isolated from the cortical shell. CT is,
however, expensive, not widely available, and has a high radiation
dose, and for these reasons is not commonly used for measurement of
bone density. Any radiographic technique needs to have a very high
accuracy and precision. Changes to bone occur slowly, and after one
year of treatment the increases can be in the region of only 1–2%. In
the future, magnetic resonance imaging may provide a valuable tool
for looking at the structure of bone which may be more informative
about bone strength than density alone. 

Other non-radiographic methods for monitoring the impact of
treatment on bone include blood and urinary markers of bone
turnover (for a review see Calvo et al13). Current markers of bone
formation include bone specific alkaline phosphatase and
osteocalcin. Bone resorption can be assessed from breakdown
products of type I collagen such as deoxypyridinoline and the
telopeptides. In postmenopausal women, bone turnover, particularly
resorption, is very high. These markers are used widely for monitoring
antiresorptive treatment such as HRT and bisphosphonates but have
been less commonly used in exercise intervention trials. As these
markers are susceptible to circadian, menstrual, and seasonal
rhythms, care needs to be taken when choosing sampling times. 

Exercise and fractures 

The evidence that exercise may have a role to play in reducing
fractures comes from both cross sectional and longitudinal studies.
Many studies have been carried out and it is beyond the scope of this
review to include them all. Rather, key examples will be used to
highlight the effectiveness of a particular type of exercise or effects at
specific fracture sites. There are a number of excellent reviews on this
subject in the literature.14–17 The term exercise covers many forms of
activity. These can be broadly divided into endurance training,
strength/resistance training, high impact work, walking, and
aerobics/keep fit classes. Much of the initial work aimed at improving
BMD concentrated on the types of endurance activity that had been
shown to be beneficial for cardiovascular health. We are increasingly
becoming aware that the same type of exercise may not be optimal
for bone health or reduction of falls. However, some of the basic
principles of training still apply and these have been summarised by
the American College of Sports Medicine.

• Principle of specificity: only sites loaded by the exercise may
respond as the effects are localised.
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• Principle of overload: the training stimulus must exceed the
normal loading experienced by the skeleton in everyday activities
and, as the bone responds, the stimulus must be increased
progressively.

• Principle of reversibility: any positive effects of training on BMD
will only be maintained as long as the exercise is continued.

• Principle of initial values: the most benefit is likely to be achieved
in those with the lowest initial BMD. For this reason it is extremely
important that the control and exercise groups are matched for
BMD before intervention.

• Principle of diminishing returns: individuals appear to have a
biological/genetic ceiling that determines the extent of
improvement. As training progresses, this ceiling may be reached,
and gains in BMD will slow and eventually plateau. Many of the
intervention studies are too short for this to be clearly observed. 

Cross-sectional studies 

Some of the strongest evidence that exercise can increase BMD
comes from studies on highly athletic groups. Comparisons have been
made between the bone density of skeletal sites in different types of
athletes and sedentary controls. Nilsson and Westlin18 measured
femoral bone density of male athletes including weightlifters,
throwers, runners, soccer players, swimmers, active non-athletes, and
sedentary men. Bone density varied with the amount and extent of
loading placed on the femur, with the greatest density occurring in the
weight lifters and lowest in the sedentary group. This pattern was
reflected in leg muscle strength. Similar studies have been carried out
in women. Heinonen et al19 showed that bone density of the hip and
spine exhibited a stepwise pattern in female athletes, with the largest
in squash players followed by aerobics participants, speed skaters,
and sedentary controls. The importance of impact loading was shown
by Fehling et al20 who compared regional BMD in female athletes
participating in impact loading sports (volleyball and gymnastics) with
that in women participating in active loading sports (swimming) and
sedentary controls. The impact loading groups had high BMDs at most
skeletal sites whereas there were no significant differences at any site
between the swimmers and controls (Figure 15.2).

The criticism about such comparative studies is that the high bone
density may simply reflect a genetically determined strong
musculoskeletal system which favours the participation of these
women in high level sports rather than the training itself leading to
an increase in BMD. An argument against this comes from studies of
asymmetric activities, such as tennis, where the playing arm has a
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larger bone mass than the non-playing arm.21 The differences
observed in bone density between athletes and non-athletes can be
large (10–15%), and are often much greater than the changes
measured as a result of prospective exercise intervention studies.
There are several possible explanations for these observations.

• High levels of activity early in life may be more beneficial than
activity adopted later.

• The intervention studies are often of much shorter duration than
the training history of the athletes.

• The athletes may have a genetic advantage in that their response
to training is greater than that of many sedentary people.

Not all athletic groups, however, show beneficial effects on bone
and this will be discussed below. 

Exercise intervention

In order to show conclusively that exercise can slow bone loss or
cause bone accretion, it is necessary to perform longitudinal
randomised intervention studies in the population of interest.
Problems arise when trying to compare such studies as there are
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Figure 15.2 Percentage difference in bone mineral density of the spine, neck of
femur, and total body in athletic women compared with sedentary controls.
Redrawn from Fehling et al .20



large variations in the type, intensity, and duration of the training.
Additional confounding factors include wide differences in the age
range of subjects, concurrent treatments, calcium supplementation,
and skeletal sites investigated. Precise details of the exercises carried
out are often scanty or missing. Despite these problems, we are
beginning to understand more about the types of activities that can
provide benefits for different skeletal sites. As yet we are not in a
position to give definitive recommendations for the optimal type of
exercise for the prevention of osteoporosis. Recently guidelines have
been produced for physiotherapists dealing with patients either at risk
of osteoporosis or with diagnosed osteoporosis,22 and the National
Osteoporosis Society has produced a booklet giving advice on
exercises that could help prevent osteoporosis.23 Both publications are
based on the findings of research studies. 

Strengthening the wrist

The Colle’s fracture of the wrist is one of the first injuries to show
an increase after the menopause. Because of its accessibility, the wrist
is one of the sites that responds well to training, as long as the
regimen is tailored to load the forearm. Squeezing a tennis ball
for 30 seconds a day for six weeks showed significant benefits in
the non-injured forearm of women who had already sustained a
Colle’s fracture.24 Alternatively resisted exercise involving twisting,
compression, and bending resulted in increases averaging 3⋅8%.25

More general keep fit and dance classes often fail to show benefits
at the radius simply because the exercises were not tailored to stress
that site. 

Increasing the bone density at the spine and hip

More challenging to the researchers has been defining the optimal
form of exercise that can have significant effects on bone density at
the spine and hip. It has been difficult to isolate the type of exercise
that places sufficient strain magnitude and of novel distribution to
alter significantly bone turnover and remodelling, particularly in
older age groups. 

Walking 
One of the simplest and most accessible forms of exercise is

walking. Unfortunately the available evidence suggests that this
form of activity is insufficient to improve BMD at the spine or hip. It
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should be noted, however, that the subjects included in the studies
have largely been fairly active, ambulant, and healthy. It has yet to
be shown whether more inactive frail groups would show a more
positive response. A one year study of treadmill walking at 70–85%
of maximum heart rate together with calcium supplementation
found no effect at the spine or forearm in postmenopausal women26

despite significant improvements in aerobic capacity. In recently
menopausal women, walking did appear to attenuate the loss of bone
at the spine when compared with controls. Nelson et al27 compared
supervised walking and either moderate or high calcium diet on
BMD of the spine and hip. The spine, but not the hip, showed a
moderate improvement independent of calcium intake. A similar
exercise regimen, but with no dietary supplementation, showed no
effect on trabecular bone density in the spine.28 In a seven month
trial, Hatori et al29 compared walking above (high intensity) or below
(low intensity) the anaerobic threshold on spine BMD. The moderate
intensity group showed a similar loss of bone to the controls,
whereas the high intensity group showed a small improvement.
Although the results are encouraging, it is unlikely that women
would naturally adopt such an intense walking pace without
continuous encouragement. Although walking does not appear to be
particularly beneficial for bone health in the groups studied, it may
have other benefits that could reduce the risk of fractures and should
not be dismissed as an important activity for many other aspects
of health. 

Low intensity repetitive exercise 
Many studies have investigated exercise regimens based on those

recommended for training of the cardiovascular system; these have
mainly involved some form of repetitive low force activity such as
general keep fit classes. In one of the earliest studies, Krolner et al30

compared the effect of an eight month varied programme of walking,
running, floor exercises, and ball games on the spine and forearm
bone mineral content (BMC) with an age matched non-exercising
control group. The exercise groups had a small (3·5%), but significant,
increase in BMC of the lumbar spine when compared with the
decrease in the control group. No effect was seen at the forearm,
probably because of a lack of loading at this site from this form of
activity. The women were postmenopausal and had previously had a
Colle’s fracture. Chow et al31 carried out a similar training programme
but included an additional group in which light weights were
attached to the wrists and ankles during the exercise classes. They
measured total body calcium and this was improved in both exercise
groups when compared with controls, but the group performing with
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the weights showed no additional benefit. The measurement
technique was unable to detect any site specific effect. 

In a more complex study design, Dalsky et al32 carried out a study in
which the training included walking, running, and stair climbing in
women aged 55–70. Calcium supplements were given at a dose of
1500 mg/day regardless of dietary intake and subjects were randomly
divided into exercise and non-exercise groups. In the first stage of the
study, exercise was carried out for nine months. Some subjects in the
exercise group then stopped training and the others continued to
train for a further 13 months. After this second training phase, the
exercise was stopped and subjects were followed up after a further
12 month detraining period. After the first study period the exercise
group had a significant increase of 6% in spine BMC. After the second
phase the exercise maintained this increase but did not improve it
further. Those that had stopped training had returned to their
baseline BMC. This study highlights many aspects outlined in the
general principles for training discussed above. Firstly, within the
exercise group some did not benefit from exercise and carried on
losing bone while others had very large increases of up to 15%. This
could be due to different intensities of training, differences in initial
BMC, or differences in genetic potential to respond to training. As
with any intervention treatments, it highlights the need to monitor
response and not assume that every person will respond positively.
Secondly, it demonstrates the plateau effect in that the response was
maintained but not increased in the second training phase. Thirdly,
the results show that once exercise is stopped, the normal bone loss
continues and the benefits are not maintained. 

Strength training
In the 1990s attention switched to the study of strength training.

The rationale was based on findings from animal studies.33,34 These
investigated in detail the type of mechanical strains that could
maximise the osteogenic response. The greatest effects were seen
when the magnitude and rate of strain was high, but required few
repetitions, and when the strain was novel in magnitude or direction.
The human equivalent of this type of strain exposure is strength, as
opposed to endurance, training. Pruitt et al 35,36 conducted two studies
on strength training, one in early postmenopausal women and one in
women over 65. In the first study on the younger women, there was
a significant effect of training at the lumbar spine averaging 1·6%, but
no effect at the hip or forearm. In the second study on the older
women, they compared high and low intensity strength training.
Despite improvements in strength in both exercise groups, there was
no effect on BMD at either the spine or hip for either group.
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Conversely Kerr et al37 did find an effect of high intensity strength
training on BMD of several regions on the hip: the trochanter,
intratrochanteric area, and Ward’s triangle. They found no effect at
the neck of femur and no effect of low intensity (endurance) strength
training. Their population were all postmenopausal and ranged in age
from 40 to 70 years. Both types of exercise improved muscle strength
to a similar extent, and these improvements correlated with the
bone changes at several sites in the high intensity group. Nelson et al38

also found small, but significant, effects of a one year high intensity
strength training regimen on BMD of the spine, hip, and total body
in 50–70 year old women. In addition, there was a significant
improvement in muscle strength, muscle mass, and balance, all of
which are implicated in fall risk. 

As with much of the literature in this field it is difficult to reconcile
the different results from similar regimens in seemingly similar
populations. The overall message, however, is that, at least for the
spine, strength training can be effective but has no added benefit for
BMD over the more endurance based regimens. The added benefit of
increased muscle strength may, in the longer term, result in a greater
effect on fracture risk. As yet this has not been assessed and most of
the studies only last one year; a much longer follow up would be
required to determine effects on the incidence of falls and fractures. 

High impact exercise
Many of the studies so far discussed have been ineffective at

increasing BMD at the hip. As this is the most serious fracture site, it
is essential that safe, affordable, and accessible exercise is defined.
One of the first studies to be effective at this site was by Bassey and
Ramsdale39 in which they used jumping to impart high impact forces
to the hip in premenopausal women. After six months there was a
significant increase of 3·4% at the greater trochanter, but no other site
at the hip and no change at the spine. Initially they modified the
exercise before extending it to an older age group (50–60 years) and
instead of jumping the women carried out heel drops.40 After one year
no effect was seen at any skeletal site and the study was then repeated
using jumps.41 Again, no effect was seen, so the older women were
showing a different response to the younger group, which may be
related to the oestrogen status of the subjects although those on HRT
had a similar response to non-HRT users. 

In the light of the initial encouraging findings of Bassey and
Ramsdale39 in the premenopausal women, another study incorporated
jumping, stepping, marching, and side stepping into an exercise class
designed specifically for the over 50s.42 The study involved both
postmenopausal women and men over 50, none of whom were on
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calcium or HRT. After one year there were significant increases in
hip, but not spine, BMD. The increases were in the range 1·6–2·2%
depending on the site on the hip. Some of the subjects continued for
a second year in which the spine BMD increased significantly and the
changes in hip BMD were maintained. This type of exercise also
completely reversed the age related loss of muscle strength, with
the training group increasing quadriceps strength by 10% and the
matched controls decreasing it by the same amount. Hip and
shoulder flexibility also improved as a result of the training. Urinary
excretion of pyridinoline and deoxypyridinoline were measured to
assess the impact of the exercise on bone resorption. Both markers
significantly decreased during the first six months of exercise and
then returned to baseline values. This suggests that the exercise was
suppressing osteoclastic bone resorption. Similar findings on the
response to high impact work have been obtained in younger
subjects.43 These studies lend support to the idea of high impact work
being a good osteogenic stimulus at the hip. Extreme caution needs to
be observed, however, when recommending this form of exercise for
a frail population. High impact work would be contraindicated for
those with impaired balance, osteoporosis/osteopenia, osteoarthritis
in load bearing joints, or artificial joints. Even in relatively healthy
older subjects, the exercises should only be introduced gradually
into classes after an initial, progressive, skill specific training period
to allow soft tissue adaptation and the requisite safe technique to
be learnt. 

Exercise and HRT

Many of the studies discussed have used calcium supplementation
to bring subjects up to the recommended daily allowance. Less well
studied has been the interaction between HRT and exercise. Several
studies have shown that in the oestrogen replete state, the response to
training is greater. In a comprehensive study, Kohrt et al44 compared
four groups of women aged 60–72 years. The first acted as a control,
the second took HRT, the third exercised, and the fourth took HRT
and exercised. Variables studied were bone density of the spine, hip,
and total body, bone formation (osteocalcin), body composition,
muscle strength, and estimated VO2max. The exercise programme
involved two months of flexibility exercises followed by nine months
of walking, jogging, and stair climbing/ascending. Calcium intake was
adjusted to about 1500 mg/day. After the initial 11 months, there was
a six month follow up phase in which those on HRT remained on
treatment. Women in exercise groups were encouraged to continue
exercising but most reduced both the number of exercise sessions and
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intensity during this phase. Both the exercise and HRT alone brought
about increases in BMD of the total body, spine, neck of femur, and
Ward’s triangle. HRT plus exercise increased BMD at all sites measured
(spine, hip, total body) and was more effective than HRT alone in
increasing BMD at the spine and total body and more effective than
exercise alone at the total body, spine, and trochanter. Serum
osteocalcin was reduced in both groups taking HRT but in no other
group. HRT is known to be antiresorptive and reduce bone turnover.
Both exercise groups had improvements in lean tissue mass and
VO2max and reductions in fat mass; these effects were not seen in the
other two groups. In the follow up period, those women taking HRT
maintained or further increased BMD, the effect being greater in those
who exercised. Some of the improvements were maintained in those
in the exercise alone group. These results show that, in the oestrogen
replete state, older women show a greater response to exercise. In
addition, exercise had additional benefits which could help reduce
the risk of falls. Further studies are required to investigate the
interaction of exercise and other treatment options such as the
bisphosphonates. 

Exercise and fall prevention

Certain forms of exercise have been recognised as an integral part of
multifactorial intervention programmes for the reduction of falls.
Despite the recognition of the importance of exercise, there are no
specific guidelines on falls management exercises for the older person.
Many of the studies that have looked at the impact of exercise on falls
have had inherent design faults. Many have relied on subject’s recall to
document the number of falls in the preceding year, and in an elderly
population this may be very inaccurate. Others have included subjects
with no history of falling, and it is therefore not surprising that a
reduction in falls was not observed. Several trials have used exercise of
insufficient intensity or duration to effect meaningful adaptations, and
often the exercises are not targeted specifically at the factors that
increase the risk of falls. Some of the key risk factors are poor gait,
balance, muscle strength, and confidence. In a one year home-based
study, Campbell et al45 found a reduction of 20–30% in falls in women
over 80. Each subject was prescribed a particular set of home exercises
by a physiotherapist and were regularly contacted by phone to monitor
progress and maintain motivation. Another successful intervention
was Tai Chi,46 which resulted in a halving of falls. 

Recently a falls management exercise programme47 was specifically
designed to provide practitioners with a framework of specific tailored
progressive exercise guidelines which could be adapted to suit older
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people with a wide range of abilities. The activities include three
dimensional Tai Chi based movement patterns, targeted strengthening
and stretching exercises, dynamic postural and gait training, and
functional floor and standing activities to improve neuromuscular skill
and confidence. In addition to supervised classes, the subjects are also
encouraged to do home based exercise aided by an exercise booklet.
The women are also taught how to get up from the floor after a fall
and are encouraged to wear hip protector pads in the classes. The
effectiveness of this regimen in reducing falls is currently being
assessed in a group of frequent fallers. In addition to falls, the other
measurement outcomes of the study include lower limb muscle
strength and power, functional ability, reaction time, balance, and
bone density. Examination of the baseline data has disclosed that there
can be considerable lower limb asymmetry in strength and power in
frequent fallers.48,49 In some the difference between legs can be as
great as 50–60%, and overall the frequent fallers have a reduced lower
limb power compared with age matched non-fallers. All of these
factors could be implicated in the higher incidence of falling in this
group and could be improved by regular exercise. 

The downside of exercise

An important determinant of future fracture risk is the bone mass
accrued during the childhood and teenage years. Peak bone mass is
reached in the second to fourth decade and it is important that this is
maximised. One of the factors that is important in determining peak
bone mass is physical activity. An active lifestyle should therefore be
encouraged throughout the life span. It has been shown that the
benefit to bone is much greater if exercise is begun before puberty
rather than after it.50 There are, however, younger people who may
compromise the development of bone density by the adoption of
extreme levels of exercise. With the increasing participation of
women in endurance sports, a condition known as the female athlete
triad has been recognised. The triad refers to the condition in which
there is amenorrhoea, eating disorders, and bone loss. Menstrual
disorders are very common in certain athletes, most notably
gymnasts, dancers, runners, and triathletes.51 Intense physical
training, particularly aerobic exercise, can disrupt normal ovarian
function by inhibiting the production of gonadotropin releasing
hormone by the hypothalamus.52 The mechanism by which this
occurs is not known but a number of factors could combine to alter
hypothalamic function. These include low body weight and fat mass,
endocrine changes associated with chronic exercise such as raised
levels of cortisol and endorphins, and inadequate energy intake.
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Many of the women who develop such disorders have a later than
average puberty which may be associated with the adoption of
intense exercise early in life.53,54 This in turn may prevent the
establishment of a strong hypothalamic-pituitary-ovarian axis leading
to disturbances later. In this condition there is an alteration of the
normal pattern of sex steroid production with a reduction in
oestradiol and/or a shortening of the luteal phase of the cycle. Several
studies have now shown that many amenorrhoeic athletes have
reduced bone density of the spine compared with sedentary
controls and fail to show an increased BMD at the hip and total body
which is normally found in their eumenorrhoeic counterparts55–57

(Figure 15.3). It would appear that the normal osteogenic response to
bone loading is compromised in the oestrogen deplete state. 

Low oestrogen levels and bone loss are common to both the
amenorrhoeic athlete and postmenopausal woman. In the latter, bone
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turnover is raised, particularly osteoclastic resorption, and it has been
assumed that the same would be the case in the athletes. This was
investigated by measuring serum and urinary markers of bone turnover
in amenorrhoeic and eumenorrhoeic athletes (runners and triathletes)
and sedentary controls. Neither the formation (osteocalcin and bone
specific alkaline phosphatase) nor resorption (deoxypyridinoline)
markers were increased in the amenorrhoeic group.57 The physiological
effects of oestrogen and mechanical stress on bone turnover are
thought, at least in part, to be exerted by an elevation in nitric oxide
(NO) synthesis. Postmenopausal women have reduced NO levels, and
both short and long term HRT elevate these.58,59 Administration of NO
donors to oestrogen depleted rats prevents osteoporotic bone loss,60 and
inhibition of NO synthesis suppresses the bone conserving action of
oestradiol replacement. It was hypothesised that NO levels may also
be low in amenorrhoeic athletes. The 24-hour excreted metabolites
of NO were significantly reduced in this group despite having a
significantly higher dietary nitrate intake.57 The amenorrhoeic athletes
therefore resemble postmenopausal women in having reduced NO
levels and spinal osteopenia but do not have raised bone turnover. The
mechanism of bone loss in this group still remains to be clarified. Less
attention has been paid to elite male athletes. A pilot study found that
male triathletes did not have increased bone density at the spine or
total body compared with sedentary controls despite their high levels
of activity, and the testosterone levels were significantly lower.61 Effects
similar to those seen in the women could be occurring to the male
hypothalamic-pituitary-gonadal axis leading to a reduced production of
testosterone. 

Injuries to the musculoskeletal system are much more common in
amenorrhoeic athletes, in particular the development of stress
fractures.62 There has even been a report of an osteoporotic fracture
occurring in a young female athlete.63 It is important that the athletes
and those responsible for their care are aware of the potential risks to
the skeleton of extended periods of menstrual irregularities, as it
remains to be shown whether these skeletal deficits can be reversed by
the resumption of menses or hormone replacement.64

Conclusions

The evidence is growing that some forms of exercise are able to
reduce or reverse the age related loss of bone. Often the effects appear
small but epidemiological data indicate that a history of physical
activity can reduce the incidence of fractures, particularly of the hip,
by up to half.65,66 Weight bearing activity appears to be particularly
effective, including walking and stair climbing. This effect is probably
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multifactorial in nature through improved BMD, muscle strength,
and balance. As yet we do not know the optimum or minimum form
of exercise to achieve this reduction. Many of the studies have been
carried out in relatively healthy subjects, and safe exercise regimens
for people who have already sustained a fracture need to be defined.
As with any intervention aimed at reducing fractures, exercise should
be implemented as early as possible before trabecular plates have
developed holes or been lost. Once this stage has been reached, no
treatment is able to replace the plates and the bone strength will be
permanently compromised.

Case studies

Case study 15.1

A 60-year-old woman has recently had a routine DEXA scan and been told that
the BMD of the spine and hip are both 1·5SD below the young reference
normal. She is relatively inactive, smokes 10 cigarettes a day and was
anorexic for three years between the ages of 17 and 20. Her mother and
grandmother both had a hip fracture in their 60s as a result of a fall. She has
never taken HRT and is averse to doing so, as she does not like taking
medications in general. She is otherwise healthy.

1 What other information about this woman would you like to know?
2 In the description above, what factors may be important for the BMD

result?
3 Considering her aversion to HRT, and medication in general, what would

you recommend to the patient?

Sample examination questions

Multiple choice questions (answers on p 561)

1 Osteoporosis is:

A Defined as a bone density 2·5SD below the mean age matched
reference range

B Defined as a bone density 2·5SD below the mean young
reference range

C Defined as a bone density between 1–2·5SD below the mean
young reference range

D Characterised by a low mineral content in bone
E Approximately four times more common in women than men
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2 Bone mineral density can by improved:

A In the spine by swimming
B In the total body by moderate intensity walking
C By high impact exercise
D More when exercise is combined with HRT
E More by strength training than endurance training

3 Exercise-induced amenorrhoea:

A Is due to a defect in the ovary leading to reduced oestrogen
secretion

B Is often associated with a late puberty
C Results in low hip bone mineral density
D Results in an accelerated bone resorption
E Can affect up to 80% of some athletic groups

Essay questions

1 How does the exercise approach to prevention of osteoporosis
differ from that used to prevent cardiovascular disease?

2 Critically discuss how changes in bone mass and metabolism can
be measured in humans.

3 In what ways can exercise prevent osteoporotic fractures other
than the strengthening effects on bone?
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Injuries to the upper limb





16: Are corticosteroid injections
as effective as physiotherapy
for the treatment of a painful
shoulder?
DANIËLLE VAN DER WINDT, BART KOES

Introduction

Shoulder pain is a common problem. The prevalence of shoulder
pain in the general population may be as high as 6 to 11% under the
age of 50 years, increasing to 16 to 25% in the elderly.1,2 Estimates of the
annual incidence of shoulder disorders in general practice vary from
seven to 25 per 1 000 registered patients per year.3–5 Inability to work,
loss of productivity, and inability to carry out household activities can
be a considerable burden to the patient as well as to society.6

Shoulder pain can be the result of a variety of disorders, including
referred pain from the cervical spine or internal organs, neurovascular
disorders and systemic conditions of the musculoskeletal system. In
the majority of cases, however, the symptoms are caused by benign
soft tissue lesions of the shoulder joint.7–9 Fifty percent of all presented
episodes resolve within six months, but in many patients pain and
disability may last longer, for many months or even years.10–15

Because of the complex functional anatomy of the shoulder girdle
the diagnosis of shoulder pain constitutes a major challenge.
Determination of the exact location of the involved structures is often
problematic. Consequently, there is much confusion and lack of
consensus regarding the classification of shoulder disorders.
Diagnostic criteria may even vary for disorders straightforwardly
labelled as rotator cuff tendinitis or adhesive capsulitis. Difficulties
have been encountered when trying to classify patients with shoulder
pain according to diagnostic guidelines.16 Although interobserver
agreement of the diagnostic classification of shoulder pain has
been reported to be high in one study (κ = 0·88),17 results from other
studies indicate that interobserver agreement can be rather poor
among (trained) physiotherapists, general practitioners, and
rheumatologists.18–20 Furthermore, in many patients symptoms and
signs vary over time, further complicating the identification of the
source of shoulder pain. These difficulties should be taken into
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account when assessing a patient with shoulder pain. This chapter,
therefore, does not concern a specific medical diagnosis, such as
rotator cuff tendinitis or adhesive capsulitis, but is generally aimed at
patients with a painful shoulder due to soft tissue disorders of the
shoulder, for whom treatment with corticosteroid injections or
physiotherapy is considered.

Most patients with a painful shoulder are treated in primary care.
A wide array of interventions has been suggested for their treatment.
If analgesics or non-steroidal anti-inflammatory drugs (NSAIDs) do
not result in relief of symptoms, patients are often referred for
physiotherapy or treated with local infiltration of a corticosteroid.4 In
this chapter the available evidence for the effectiveness of
physiotherapy and corticosteroid injections will be summarised in a
systematic review of the medical literature. This review is partly based
on two previously published systematic reviews,20,21 but has been
updated and revised considerably. It is the aim of this chapter to pay
specific attention to the comparison between the effectiveness of
corticosteroid injections and physiotherapy (exercises and/or
mobilisations) in the treatment of shoulder pain. 

Summary

• A painful or stiff shoulder is a common problem which is mainly
encountered and dealt with in primary care.

• Shoulder pain remains a diagnostic challenge. The reliability of diagnostic
classifications based on identification of the source of the lesion has been
shown to be poor.

• Previous systematic reviews have shown that there is insufficient evidence
to support or refute the effectiveness of injections and physiotherapy for
the painful shoulder. 

Methods

Search strategy

Relevant trial reports were identified in Medline, Embase, and the
Cochrane Databases. Searches were conducted in 1995 to harvest
RCTs for two systematic reviews.21,22 An update for this chapter
was carried out in 2001 using a similar search strategy. For the
identification of randomised trials the search strategy designed by
Dickersin et al 23 was used. This strategy was combined with relevant
keywords (Medical Subject Headings and free text words) related to
shoulder pain, injections, corticosteroids, physiotherapy, and exercise
therapy. The references of all retrieved trials and other relevant
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publications, including reviews and meta-analyses, were screened for
additional potentially relevant publications. 

Selection criteria

We identified trial reports that met the following conditions.

• Patients had shoulder pain and/or restricted mobility of the
shoulder joint at inclusion. Symptoms and signs were assumed to
originate from disorders of the shoulder joint. Trials aimed at
extrinsic causes of shoulder pain (for example, systemic
neurological or rheumatological disorders, neoplastic disorders,
and cervicobrachialgia) were not selected.

• Treatments were allocated by a random procedure. 
• At least one of the study groups was treated with corticosteroid

injections and/or physiotherapy (including mobilisations or
exercises). Trials investigating the effectiveness of physical
applications only (for example, ultrasound therapy, electrotherapy,
or laser therapy) were not selected. Comparisons with placebo
interventions were allowed as well as comparisons with no
treatment or other types of active interventions. 

• Relevant outcome measures were used, such as success rate, pain,
mobility or functional status.

• Results were published as a full report in English, German, Dutch
or French before March 2001. 

Assessment of quality 

Differences in quality of methods across studies may indicate that the
results of some trials are more biased than those of others. It is, therefore,
important to take the quality of a study into account when evaluating
the effectiveness of an intervention.24 The internal validity of each trial
was scored by two reviewers independently, using the standardised set
of validity criteria from the Amsterdam-Maastricht Consensus List for
Quality Assessment (Box 16.1).25 Although the Amsterdam-Maastricht
consensus list is not exhaustive, it represents a high standard for internal
validity of trial methods. Much emphasis (together representing five out
of 10 criteria) is put on an adequate randomisation procedure and
sufficient blinding. Other criteria in this checklist refer to prognostic
similarity of intervention groups at baseline, drop-out rate, and control
for co-interventions and compliance. The number of positively scored
validity items was denoted as the validity score.

Treatment of painful shoulder
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Box 16.1 Checklist for the assessment of internal validity
of randomised trials.25

Each item is scored as either ‘yes’, ‘no’, or ‘unclear’

V1 Was a method of randomisation performed? 
(Random (unpredictable) generation of sequence. Stating only 
“randomisation” is scored 'unclear'.)

V2 Was the treatment allocation concealed? (sealed envelopes,
randomisation by telephone, etc.)
(Allocation of intervention cannot be influenced by those responsible for
determining eligibility.) 

V3 Were the intervention groups similar at baseline regarding prognostic
indicators (age, gender, duration of symptoms, previous episodes of
shoulder pain) and baseline scores of outcome measures? 

V4 Was the care provider blinded for the allocated intervention? 
V5 Were co-interventions avoided or standardised?
V6 Was adherence to the intervention (compliance) acceptable in all groups? 
V7 Was the patient blinded to the allocated intervention?
V8 Was the withdrawal/drop-out rate described and acceptable?

(Number of drop-outs and reasons for withdrawal are specified. The
reviewer determines if withdrawal does lead to [substantial] bias) 

V9 Was the outcome assessor blinded to the allocated intervention?
V10 Was the timing of outcome assessment comparable in both groups? 

Data extraction and analysis

Details on selection criteria, interventions, outcome measures,
length of follow up, adverse reactions, study size, analysis and data
presentation were extracted for each trial. The results of data
extraction were used mainly to consider the generalisability of study
findings (external validity) and to evaluate clinical heterogeneity
across trials. The Cochrane Q test was used to detect statistical
heterogeneity of trial results. In case of statistical heterogeneity
(p < 0·10), potential sources of heterogeneity were explored. For
these exploratory subgroup analyses the following variables were
considered: type of control group, type of corticosteroid, duration of
symptoms at baseline, medical diagnosis, total validity score, and
separate aspects of validity (blinding, randomisation procedure, and
drop-out rate). Pooled estimates of outcome were computed for trials
that showed sufficient homogeneity with respect to interventions and
outcome measures, using a random effects model.26–28

Data concerning general improvement of symptoms were used to
compute success rates for each study group. The operational
definition of a treatment success may vary across trials depending on
the instrument used, and will be presented for each trial. The
differences in success rates between study groups were computed,
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together with the 95% confidence intervals (CI). Subsequently, the
number needed to treat (NNT) was computed as 1/(Pi – Pc), with
Pi = the proportion of successes in the intervention group, and
Pc = the proportion of successes in the reference group.29

For outcomes evaluated on a continuous or interval scale (for
example visual analog scales for pain) standardised mean differences
(SMD) were computed as the difference between the mean change in
outcome since baseline in the compared groups, divided by their
pooled standard deviation.30

Differences between study groups may be considered to be clinically
important if differences in success rates between study groups exceed
20% (NNT < 5),31 or standardised mean differences are larger than
0·5.30,32 A negative NNT or a negative SMD indicated superior effects
of the reference treatment.

Results

The searches resulted in the identification of 85 papers on the
effectiveness of corticosteroid injections or physiotherapy for
shoulder pain. Sixty-two papers were excluded from this systematic
review for the following reasons: evaluation of a physical application
only (n = 22); irrelevant diagnosis (for example hemiplegic shoulder
pain, fracture, dislocation, trapezius myalgia, or neck-shoulder pain:
n = 22); no separate presentation of results on the effectiveness of
physiotherapy or injections (n = 10) no contrast for injections or
physiotherapy (n = 6); or no full report (n = 2). A total of 23 RCTs were
included in the current review: 15 comparing the effectiveness of
corticosteroid injections with placebo, analgesics or no treatment for
shoulder pain;33–47 four trials on the effectiveness of physiotherapy
(mobilisation and/or exercises);48–52 and four comparing the effectiveness
of corticosteroid injections with physiotherapy.53–57

Methodological quality

Table 16.1 presents the results of the assessment of internal validity
of the selected trials. The papers are ranked according to their validity
score. Papers with equal scores are ranked in alphabetical order based
on the first author’s name. The median validity score was 5 points.
Methodological shortcomings mainly concerned blinding of care
provider (V4), patient (V7) or outcome assessment (V8).

Many publications provided insufficient information to enable
a good evaluation of the study design. This frequently concerned
the description of procedures used for the generation of a random
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sequence (V1), for concealment of the allocation of interventions (V2)
and for evaluation of compliance (V6). 

Study characteristics

Table 16.1 also presents details about the duration of symptoms and
medical diagnosis in patients included in the selected trials. Most
trials concerned patients with a diagnosis of rotator cuff tendinitis,
impingement syndrome or cuff lesion (10 trials), or a more general
diagnosis of painful shoulder or painful stiff shoulder (seven trials). In
12 trials no limitations were defined regarding the duration of
symptoms at inclusion. Other trials did use selection criteria
concerning the length of symptoms, restricting participation to either
patients with chronic shoulder pain35,39,44,49 or more acute shoulder
pain.34,37,41,45

Table 16.2 presents information about the interventions, short-term
results (after 2 to 8 weeks) for success rate and pain, and the authors’
conclusions. Long-term follow up measurements (at least six months)
were described for only eight trials.41,44,47,50,53,54,55,57 The study sizes
were generally small; only three trials compared study groups of at
least 50 patients and were designed with sufficient power to detect a
difference in success rate of approximately 25%.39,49,53 The median
group size was only 20 patients. 

Effectiveness of corticosteroid injections

Corticosteroids compared to “placebo”
In 13 trials the effectiveness of corticosteroid injections was

compared to a treatment considered to be of little or no effectiveness,
being either a local anaesthetic,34–37,41,44,47 saline injection,38,39 low dose
corticosteroid,33 trigger point injection,43 distension,40 or placebo
ultrasound42 (Table 16.2). In eight trials a significantly better outcome
was reported for corticosteroids. We used differences in proportions of
treatment success to study the magnitude of treatment effect. Such
data were not available for two trials.40,44 Figure 16.1 presents the
differences in success rate (and 95% confidence interval) for 11
controlled trials. The trials are ranked according to their validity score.
There was considerable statistical heterogeneity across trials. One trial
seemed to be an outlier.42 This trial included a small study population
(12 patients per group) and was the only trial that did not use an
injection as a control treatment. We would therefore prefer to omit
this trial from the analysis. For the remaining 10 trials the pooled
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estimate for short-term difference in success rate was 34% in favour of
corticosteroids (95% CI 21 to 47%, NNT = 3).

However, the analysis still showed considerable statistical
heterogeneity (test for homogeneity, p < 0⋅01). It is likely that some of
this heterogeneity is explained by differences across trials regarding
the definition of a treatment success. Quality of methods did not
appear to influence outcome. The results of trials with relatively high
validity scores were not consistently different from those of relatively
poor quality (see Figure 16.1). A significant influence of specific
aspects of validity (drop-out rate, blinding, or randomisation
procedure) could not be found (data not shown). Subsequently,

Treatment of painful shoulder
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Figure 16.1 Estimates of differences in success rate (short-term follow up) for
randomised trials comparing corticosteroid injection to placebo injection for
shoulder pain. Pooled estimates are computed using a random effects model
(test for homogeneity, p < 0.01).



exploratory subgroup analyses were conducted to investigate the
potential influence of clinically relevant variables, including the use
of different corticosteroid suspensions (triamcinolone or other),
duration of symptoms at baseline, and medical diagnosis. The results
are presented in Table 16.3. The subgroup analyses showed only a few
statistically homogeneous subgroups, and no substantial subgroup
effects were found. Relatively favourable results were found for the
use of triamcinolone, for patients with a relatively short duration of
symptoms at baseline (< three months), and for a diagnosis of
capsulitis (pooled differences in success rates 42%, 42%, and 43%,
respectively). However, the subgroup effects were small and based on
a small subgroup of trials.

Only three trials presented sufficient data to compute standardised
mean differences for pain.33,34,36 The pooled SMD for the improvement
of pain in patients treated with corticosteroid injections was 0·69
compared to placebo (95% CI 0·34 to 1·0; test for homogeneity, p < 0·5). 

Corticosteroids compared to NSAIDs or analgesics
Four trials compared the effectiveness of corticosteroid injections

with NSAIDs or analgesics.34,36,45,46 One of the trials with a relatively
high validity score34 reported significant findings in favour of
corticosteroids, whereas the other trials could not demonstrate
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Table 16.3 Exploratory subgroup analyses: pooled differences in success rates
for randomised trials comparing corticosteroid injections with lidocaine or
placebo injections.

Number Test for Pooled difference in
of trials homogeneity (χχ2) success rate (95% CI)

Overall difference 10 30·82, p < 0·01 34% (21 to 47%)
Corticosteroid
− triamcinolone 5 11·74, p < 0·05 42% (25 to 60%)
− other 5 14·14, p < 0·01 25% (7 to 44%)

Duration of symptoms at presentation
− < 3 months 3 16·77, p < 0·01 42% (5 to 80%)
− ≥ 3 months 2 5·58, p < 0·05 26% (–13 to 64%)
− no restriction 5 3·36, p = 0·50 34% (24 to 43%) 

Diagnosis
− subacromial

tendinitis/
impingement 4 18·15, p < 0·01 36% (4 to 68%)

− capsulitis 2 0·56, p < 0·20 43% (28% to 59%)
− painful shoulder 4 8·07, p < 0·10 26% (9 to 43%)

CI = confidence interval



significant differences. Three trials provided sufficient data to enable
a quantitative analysis (Figure 16.2). The pooled difference in success
rate was not very large and not statistically significant (15%, 95%
CI −10 to 39%; test for homogeneity, p < 0·10). The same held for the
improvement of pain (pooled SMD 0·14, 95% CI −0·20 to 0·49; test
for homogeneity, p < 0·5). 

Effectiveness of physiotherapy (exercises
and mobilisations)

In Table 16.4 details regarding the interventions and results of four
trials on the effectiveness of physiotherapy are presented. All four
trials had validity scores of at least 5 points. Two trials evaluated the
additional value of Maitland mobilisations to exercise therapy in
patients with subacromial impingement syndrome.48,51 Both trials
reported a larger improvement of pain for those treated with
additional mobilisations. The other two trials investigated the
effectiveness of exercise therapy, but used different control
treatments. The trial by Ginn et al52 demonstrated significant

Treatment of painful shoulder
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Figure 16.2 Estimates of differences in success rate (short-term follow up) for
randomised trials comparing corticosteroid injection to NSAIDs for shoulder pain.
Pooled estimates are computed using a random effects model (test for
homogeneity, p < 0.10).
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differences in favour of exercises for function, range of motion, and
self rated improvement compared to no treatment. Exercise training
was also reported to be more beneficial than placebo laser therapy in
patients with subacromial impingement, and showed similar effects
to decompression surgery.49

A quantitative analysis was not possible due to clinical
heterogeneity regarding interventions and outcome measures, and
insufficient data presentation. 

Effectiveness of corticosteroid injections versus
physiotherapy

Although it was the main objective of this chapter to investigate the
more pragmatic comparison between injections and physiotherapy,
only four trials were identified directly comparing these two active
interventions for shoulder pain (Table 16.5). Three trials were
considered to be of relatively poor validity.54–56 Two small trials did
not demonstrate significant differences between injections and
physiotherapy for pain or range of motion, and presented insufficient
data to enable a quantitative analysis.54,55 The other two trials, both
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Van der Windt [53]

Winters [56,57]

pooled estimate

First author

− 100 − 80 − 60 − 40 − 20 0
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Figure 16.3 Estimates of differences in success rate (short-term follow up) for
randomised trials comparing corticosteroid injection to physiotherapy for
shoulder pain. Pooled estimates are computed using a random effects model
(test for homogeneity, p < 0·10).



conducted in Dutch primary care, showed superior short-term effects
(at six to seven weeks) of corticosteroid injections for pain and general
improvement.53,56 Figure 16.3 presents the results for short-term
differences in success rate. The pooled difference was 42% (95% CI 19
to 66%, NNT = 2·4; test for homogeneity, p < 0·10).

Additional mobilisations were allowed in the trial by Van der Windt
et al53 whereas physiotherapy was restricted to exercises, massage and
physical applications in the trial by Winters et al.56 This difference
may partly explain the larger differences between injections and
physiotherapy reported by Winters et al. Furthermore, the trial by
Winters et al was assigned a relatively poor validity score, mainly
because of a high withdrawal rate.

Long-term outcomes

Most trials included only a short-term outcome assessment.
Long-term follow up measurements conducted at least six months after
randomisation were presented for eight trials.41,44,47,50,53,54,55,57 Beneficial
long-term effects of corticosteroids were only reported by Ströbel et al.47

They reported long-term superior effects of corticosteroids on pain and
work disability after 12 months follow up. It must be noted, however,
that the study size was small, and that the trial was considered to be of
rather poor quality (validity score 2). The positive short-term effects of
corticosteroids reported by two other trials did not persist after six to
18 months of follow up.53,57

The trial by Brox et al showed that results of exercise treatment were
not as good as those of surgery after 2⋅5 years follow up, but the
differences were not statistically significant and only minor changes
were observed after six months.50

Summary

• The currently available evidence shows that the short-term beneficial effects
of corticosteroid injections are larger than those of placebo injection. 
The differences for general improvement and pain are statistically
significant and clinically relevant.

• Corticosteroid injections are more effective than non-steroidal anti-
inflammatory drugs, but the differences are not very large and not
statistically significant.

• Physiotherapy consisting of both exercises and passive mobilisations
seems to be more effective than exercises only.

• The short-term effects of corticosteroid injections seem to be larger than
those of physiotherapy.

• There is little evidence for positive long-term effects of corticosteroid
injections.
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Adverse reactions

Eight of the 19 trials investigating injection therapy included
information about adverse reactions to corticosteroids. Adverse
reactions were generally mild, and mainly consisted of some pain and
discomfort following the injection.33,34,53 Adverse reactions seemed to
be particularly frequent in women, who may report facial flushes or
abnormal menstrual bleeding.33,36,40,53 Other reactions attributed to
corticosteroids were headache, rashes, and skin depigmentation. No
adverse reactions were reported for physiotherapy. 

Discussion

The objective of this systematic review was to investigate the
effectiveness of corticosteroid injections and physiotherapy for
shoulder pain. We identified 23 relevant trials that met our selection
criteria, but unfortunately, only four of these were pragmatic
trials, directly comparing injection therapy with physiotherapy for
shoulder pain.

Search strategy

It is not very likely that we have missed large or influential
randomised trials that would have substiantially modified our
conclusions, but some additional relevant trials may not have been
detected. Titles or abstracts do not always clearly describe the design
and/or objective of a study. Furthermore, we may have failed to
identify trials which were published in journals that are difficult to
retrieve, or were excluded due to our language restrictions. Moher
et al58 showed that there are no significant differences between trials
published in English or other languages with regard to methods scores
or completeness of reporting. Their results encourage the inclusion of
all trial reports in systematic reviews, irrespective of the language in
which they are published. Furthermore, we cannot rule out the risk of
publication bias, although our review did include a number of
relatively small trials with negative results. Retrieval of unpublished
data requires a huge effort that was not within the scope of this review. 

Methodological quality

The Amsterdam-Maastricht Concensus list is one of the many scales
and checklists that have been designed to assess quality of randomised
trials.24 Most of these scales and checklists, including the one we used,
are based on generally accepted principles of intervention research.
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Nevertheless, we consider quality assessment to be important and
believe that relatively more weight should be attached to the outcomes
of trials that reported and used adequate methods. Several studies have
provided empirical evidence that trials with inadequate methods,
particularly concerning concealment of treatment allocation and
blinding, report different estimates of treatment effect.59–61 In our
review, however, the quality of methods did not seem to have a strong
influence on outcome. The heterogeneity of results of the included
trials could not be explained by differences in total validity score, nor
by differences in scores on important specific aspects of validity
(concealed randomisation, blinding and drop-out rate). 

Insufficient reporting of trial methods often hampered the quality
assessment in this review. Journal style or editorial decisions may partly
be the reason for the lack of information on important items. A more
complete and informative trial report may result in higher validity
scores, but could also reveal additional flaws in design or conduct.

Effectiveness of corticosteroid injections
and physiotherapy

Previous systematic reviews on the effectiveness of corticosteroid
injections or physiotherapy for shoulder disorders have been published
between 1996 and 1998.21,22,28 In these reviews statistical pooling was
not considered to be sensible due to considerable heterogeneity across
trials regarding interventions, outcome assessment, overall poor
methodological quality, small sample sizes, and inadequate reporting of
results. This precluded the drawing of firm conclusions about the
effectiveness of any intervention. Limited evidence was only found and
reported for the short-term effectiveness of corticosteroid injections
compared to lidocaine injection. The necessity for research on the
effectiveness of exercises and mobilisation was emphasised by both
review groups, considering the fact that, despite their common use in
clinical care, evidence for these interventions was scant. 

For the current review we identified seven additional trials, five of
which investigated the effectiveness of physiotherapy for shoulder
pain. This added substantial information to the existing evidence.
Furthermore, in this review we used quantitative analyses not
only to compute a pooled estimate for treatment effect, but also to
explore potential sources of heterogeneity. A quantitative synthesis
was not possible for trials evaluating the effectiveness of
physiotherapy. Our subgroup analyses could not explain most of the
heterogeneity across trials. There was some evidence for subgroup
effects favouring triamcinolone over other suspensions, for larger
effects of corticosteroids in patients with a relatively short duration of
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symptoms at presentation, and in patients with a diagnosis of
capsulitis. Subgroup effects were small, however, and given persisting
statistical heterogeneity we must urge caution in the interpretation of
the pooled estimates of outcome reported in this review. It is likely
that part of the remaining heterogeneity is explained by differences
among trials regarding the definition of a treatment success. The
influence of these differences was difficult to analyse because of the
wide variety of definitions, but readers may consult Tables 16.2, 16.4,
16.5 for the definitions used in the analyses.

It is important to consider not only the statistical significance of
individual trial results and pooled estimates, but also the magnitude
of treatment effect. Pooling of many small studies will eventually
produce statistically significant results, but if the size of the treatment
effect is small, the costs of treatment may easily outweigh its benefits.
Deciding on the magnitude of a clinically important difference is
difficult and certainly arbitrary, as it depends on several factors,
including the natural history of the condition, the reference
treatment, potential adverse reactions and inconvenience of therapy,
treatment preferences and costs (including costs of personnel,
equipment and time spent on therapy).62 In addition, it should be
noted that the absolute difference in success rates between
intervention groups may depend on the baseline success rate in a
population, which limits the possibilities of extrapolating a NNT
outside the context of a trial.63,64

In this review the pooled estimates for short-term difference in
success rate were 34% (95% CI 21 to 47%, NNT = 3) for corticosteroid
injections compared to placebo, and 42% (95% CI 19 to 66%,
NNT = 3) for injections compared to physiotherapy. For improvement
of pain a pooled SMR of 0·69 (95% CI 0·34 to 1·03) was computed
for the comparison with placebo. These estimates of outcome
certainly exceeded our predefined threshold for clinical relevance.
The pooled estimates for the difference in effectiveness between
corticosteroid injections and NSAIDs were not statistically significant
and may not be considered to be clinically relevant (15% for success
rate and an SMD of 0·14 for improvement of pain). However, as
mentioned before, one should cautiously interpret the magnitude of
these short-term effects, given the statistical heterogeneity of trial
results, the small number of trials in most analyses, and the lack of
evidence for long-term effectiveness of corticosteroid injections.

Conclusion

This systematic review shows that there is evidence for positive
short-term effects of corticosteroid injections for the painful shoulder
compared to placebo injection or physiotherapy. The pooled
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estimates for differences in improvement of symptoms were
statistically significant and clinically relevant. Research into the
long-term effectiveness of corticosteroid injections is scarce, but the
existing evidence indicates that beneficial effects do not persist after
three months, with similar outcomes regardless of the treatment. 

Exercise treatment seems to be more effective than a placebo
intervention or a waiting list control. Furthermore, physiotherapy
that includes passive mobilisations seems to be more effective than a
treatment consisting of exercises only. However, the number of trials
investigating the effectiveness of physiotherapy for the painful
shoulder is still small, and the available evidence limited. 

We identified only a few pragmatic trials of adequate validity directly
comparing treatments as they are offered to patients in everyday care.
Such trials may show some methodological limitations, as blinding of
patients and care providers is usally not possible, but the external
validity of pragmatic trials is high, facilitating implementation of the
findings in clinical practice. Additional research is, therefore, necessary
to confidently answer the main question of our review: are
corticosteroid injections as effective as physiotherapy for the painful
shoulder? Future trials should be of adequate internal validity, include
a long-term outcome assessment, and have sufficient statististical
power to detect clinically relevant differences. The results in relevant
subgroups of patients, for example patients with either acute or
chronic shoulder pain, should be analysed and presented separately.

Summary

• Adverse reactions to corticosteroid injections are usually mild, and mainly
consist of temporary pain and discomfort, facial flushes, and abnormal
menstrual bleeding in women.

• Additional research is needed to establish the effectiveness of
corticosteroid injections compared to physiotherapy, particularly in
relevant subgroups of patients.

• Future trials should be of relatively high internal validity, enrol a sufficient
number of patients, include a long-term follow up, and present results for
relevant subgroups of patients separately. 

Key messages

• In patients with a shoulder pain the short-term effects of corticosteroid
injections are larger than those of placebo injection or physiotherapy. The
differences result mainly from a comparatively fast relief of symptoms
occurring after corticosteroid injection.

• For a painful shoulder physiotherapy that includes both exercises and
passive mobilisation techniques (such as Maitland mobilisations) may be
preferred to exercises alone.
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• Doctors and patients should be aware of mild, but sometimes troublesome
adverse reactions to corticosteroid injection.

• There is, as yet, no evidence for long-term beneficial effects of
corticosteroid injections. This should be taken into account when deciding
on treatment in patients with shoulder pain.

Case studies

Case study 16.1

A female lab worker (35-years-old) consults her general practitioner with
shoulder pain. The pain is aggrevated by repeated movements and by moving
the arm above shoulder level. She is unable to continue her laboratory work.
The pain has been present for three months, has gradually increased and is
now quite severe. The pain started after painting a ceiling in her new house.
Physical examination shows pain during abduction (with painful arc) and during
external rotation, and seems to indicate a lesion of the subacromial structures.
The woman is treated with corticosteroid injections (40 mg triamcinolone
acetonide), one given immediately, one three weeks later. She reports facial
flushes and some abnormal menstrual bleeding following the injections. The
complaints resolve within six weeks. However, six months after presentation,
she reports again with recurrent symptoms of similar nature and severity.

Case study 16.2

A 62-year-old man reports to his general practitioner with shoulder pain. Over
the past five years he has had several epsiodes of shoulder pain, that have
been treated with physiotherapy or injections. There is no clear precipitating
cause of the symptoms. The pain is moderate, and movements above
shoulder level are limited. Physical examination shows a restriction of external
rotation of 40° compared to the healthy shoulder. Abduction is slightly painful,
but only mildly restricted. The patient is referred for physiotherapy and
receives 11 treatments, consisting mainly of exercise therapy and passive
mobilisation. The severity of symptoms gradually decreases. After six months
the shoulder complaints no longer limit daily activities.

Sample examination questions

Multiple choice questions (answers on p 562)

1 What are the most important shortcomings of research on the
effectiveness of corticosteroid injections and physiotherapy for
shoulder pain?

A Insufficient blinding, high drop-out rate, poor description of
interventions
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B High drop-out rate, small study size, selection criteria not
clear

C Insufficient blinding, small study size, no long-term follow up
D Poor compliance, no long-term follow up, poor description of

interventions
E Study groups not similar at baseline, poor compliance, no long-

term follow up

2 What are common adverse reactions to corticosteroid injections?

A Post injection flare and tendon rupture
B Extra pain or discomfort and facial flushes
C Headache and abnormal menstrual bleeding
D Hypersensitivity reactions and extra pain or discomfort
E Skin atrophy, depigmentation, and facial flushes

3 Which statement correctly reflects currently available evidence for
the effectiveness of corticosteroid injections for shoulder pain?

A There is insufficient evidence to suppor t or refute the
effectiveness of corticosteroid injections for shoulder pain.

B The effectiveness of injections is superior to other conservative
treatments at any moment of follow up.

C Injections are no better than physiotherapy for the painful
shoulder, but superior to placebo treatment or analgesics.

D Injections show beneficial short-term effects compared to other
conservative treatments, but there is little evidence for long-
term benefits.

E The available evidence shows little or no beneficial effects of
corticosteroid injections for shoulder pain.

Essay questions

1 When reading a paper on the effectiveness of corticosteroid
injections or physiotherapy for shoulder pain, we should try to take
the methodological quality of the study into account. What are
important aspects of the design of a randomised clinical trial?

2 As yet, a few studies have evaluated the effectiveness of exercise
treatment and passive mobilisations for the painful shoulder. What
are the most important results of these studies?

3 Many questions regarding the effectiveness of corticosteroid
injections and physiotherapy for the painful shoulder remain
unanswered, and further research is needed. In your opinion, what
are the most important research questions, and which studies
should be given a high priority on the research agenda?
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17: How should you treat
an athlete with a first time
dislocation of the shoulder?
MARC R SAFRAN, FREDRICK J DOREY,
RAYMOND A SACHS

Introduction

The glenohumeral joint is the most commonly dislocated major joint
in the body.1 The shoulder most frequently dislocates anteriorly
comprising approximately 97% of all shoulder dislocations.2 Hovelius
found a 1·7% prevalence of anterior shoulder dislocations in a
randomised population of 2 092 Swedish people, aged 18–70 years of
age.3 Many investigators have suggested the incidence to be even
greater in athletes. Supporting this notion, Hovelius studied Swedish
ice hockey players and reported an incidence of seven percent of
players with a shoulder dislocation.4

While recurrence of shoulder dislocation has been reported
between 20% and 50% in general populations,5–9 recurrence rates
have been reported to be much higher in young patients, ranging
from 47% (48 of 102) to 100% (21 of 21).2,6,8,10–15 In athletes who are
young, the recurrence rate is reported to be even higher, ranging
between 80 and 94%.4,9,10,15

Management of the patient with a first time shoulder dislocation
has been a matter of controversy since 1982.11 Henry advocated
primary surgical reconstruction at the time of first dislocation in the
young athlete due to the purported high risk of recurring instability.11

However, this approach did not gather much enthusiasm for nearly a
decade. Surgical intervention after a first time shoulder dislocation
has gained more support with better surgical techniques, particularly
because current techniques have demonstrated greater reliability and
the good results are reproducible. Now with the advent of newer, less
traumatic, and possibly safer, arthroscopic techniques, many more
surgeons are recommending early surgical stabilisation for patients
with shoulder dislocations, particularly for athletes soon after their
first shoulder dislocation. 

To determine the best treatment regimen for the athlete with a first
time shoulder dislocation, having large, prospective randomised trials
with long-term follow up is of paramount importance. It is also



helpful to know the natural history of first time shoulder dislocations,
designate consistent criteria for determining what constitutes failure
of non-operative management and then determine if an intervention,
surgical or not, will alter the natural history. 

A critical question when analysing studies of the natural history or
treatment of shoulder dislocations is to know what definition of
failure was used. One outcome used to judge the natural history is
recurrence of shoulder dislocation. Some studies of the natural history
describe recurrence as redislocation, some as subluxation, some as
the need for subsequent surgery. Some studies are based on subjective
and/or objective rating scales, such as the Rowe, the Western Ontario
Shoulder Instability (WOSI) Index,16 the Constant Score, or
apprehension, crank, or fulcrum tests. Not knowing the evaluation or
outcome criteria utilised in the study being reviewed can lead to
confusion of apparently conflicting results. 

Knowing the goals of intervention is crucial in determining the best
method to treat the young athlete with the first time shoulder
dislocation. Is the goal to alter the rate of recurrent dislocation or the
need for surgery? Clinicians and researchers need to determine how
much improvement is needed before implementing a treatment
method. Furthermore, if surgery is recommended for the treatment of
all first time shoulder dislocators, even within a defined
subpopulation, where does the risk of surgery on patients who may
not need the surgery outweigh the benefit?

Any valid clinical study designed to compare different treatment
options properly for initial or recurrent dislocation of the shoulder
would have to meet several criteria. First, several outcomes would
have to be evaluated:

• the need for re-operation
• the number of subsequent dislocations or instability episodes
• some measure of the functional ability and limitation of the

patients
• some quality of life evaluation, including some measures of the

patients’ real functional ability (i.e. the ability to perform those
items that are desired).

In addition, these outcomes must be evaluated in such a way that
their effect on the age categories under 20, 20 to 30, and over 30 can
be determined. The comparisons should, of course, be prospective
and randomised with a blinded evaluation of the patients as far as
possible. In cases where one of the treatments involves surgery and
the other involves non-surgery, a double-blinded evaluation will be
difficult, if not impossible. Finally, other possible covariates such as
the cause of dislocation, severity of trauma, dominant side versus
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involved side, occupational status and athletic involvement should be
available for a multivariate statistical analysis of the results. Only then
can sufficient scientific knowledge of the potential benefits of one
treatment over another be determined so that a cost benefit analysis
may be considered.

Unfortunately, none of the existing literature on this subject meets
the above criteria so that decisions about treatment approaches must
be made based on incomplete data. The existing studies fail to use
randomised trials of sufficient sample size, to present the data in a
way that comparisons can be evaluated in different age subgroups, to
include functional ability or quality of life evaluations. These studies
also use highly specialised patient populations. 

In this chapter, with the limitations in the lack of good studies from
which to base our decisions, the authors will review existing literature
to determine, using the principles of evidence-based medicine where
possible, if adequate information exists to answer the question of how
to treat an athlete with a first time shoulder dislocation. Knowledge
of the natural history of the first time shoulder dislocation is essential
in order to bring the efficacy of treatment options into better
perspective. 

Methods

We identified citations from the reference sections of more than 35
textbooks of sports medicine, orthopaedics, and shoulder surgery. We
searched electronic databases (Medline 1978–2001, Current Contents
1996–2001) in the English language using the following subject term,
“shoulder dislocation”. We then limited the search using the terms,
“treatment” and “first time shoulder dislocation”. We then further
limited the search using the terms, “Clinical Trial”, “Randomised
Controlled Trial”. We attempted to identify further citations from the
reference sections of the research papers retrieved, contacted experts in
the field (including first authors of prospective randomised controlled
studies addressing the management of first time shoulder dislocations)
and searched the Cochrane Collaboration (an international network
of experts who conduct synthetic searches for relevant citations).17

Papers were excluded that did not provide primary research data, that
only addressed method of reduction or that provided previously
published data. All articles were screened by the same reviewer.
From 2 570 citations identified in our search of papers on shoulder
dislocations, we identified 1 703 articles that reported on the
treatment of shoulder dislocations and 150 papers on the treatment of
first time shoulder dislocations. Of these manuscripts, four published
papers prospectively compared alternative methods of treatment of
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patients with first time shoulder dislocations in a randomised
fashion.18–21 These four papers report the results of two separate study
groups by two different institutions. We identified one prospective
randomised study on the management of first time shoulder
dislocators, published as an abstract and currently in press for
inclusion in this chapter.22 Additionally, three published manuscripts
following the same cohort of patients with first time shoulder
dislocations were identified as the only published prospective natural
history study.5,6,23 However, we have included the unpublished data
from one author of this chapter (RS) who has been performing the first
prospective natural history study of first time shoulder instability in
North America.24 Papers reporting the results of five large retrospective
natural history series were identified,2,7–9,12,14,25,26 as was one prevalence
study27 and three published articles of prospective, non-randomised
comparison trials of first time shoulder dislocations performed by
two groups.10,15,28

Natural history – general population

To make an informed decision on the appropriate management of
the first time shoulder dislocator, one must know the natural history
of this problem. In orthopaedic surgery, there are few entities where
the natural history has been studied as well as that of the first time
shoulder dislocation. Several retrospective studies suggest that age at
the time of initial dislocation is the most important factor, and often
the only variable, that can provide the prognosis for recurrent
shoulder dislocation.2,7–9,14,29 An increased recurrence rate of shoulder
dislocation has been identified in younger patients (Table 17.1).2,7–9,14,29

Patients with greater tuberosity fractures have a better prognosis
and a lower recurrence rate compared to patients with no
fracture.2,5,6,8,9,12,30

Another important issue to consider is the consequence of shoulder
dislocations with regard for the potential of other shoulder problems,
particularly rotator cuff tears and shoulder degenerative arthritis.
Retrospective studies have shown that while a first time shoulder
dislocation in a patient in the over 40-year-old age group may be
associated with a rotator cuff tear, the same has not been shown for
those under the age of 40.31,32 Recurrent dislocations in subjects has
not been shown to be associated with rupture or tearing of the rotator
cuff tendons either. Additionally, the rate of glenohumeral joint
degenerative arthritis is not greater in patients who have had a single
dislocation when compared with those with recurrent dislocations.5 It
is likely that the trauma sustained at the time of the first dislocation
is the causative factor for those with dislocation arthropathy, and not
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recurrent dislocations. Thus, there does not appear to be any
documented evidence of adverse consequence of recurrent
dislocations other than recurrence itself.

Natural history – young population

Natural history studies on young patients have been performed and
are important to help determine the prognosis of shoulder instability,
to serve as a guide to treatment and to determine which patients, if
any, need surgery. Several retrospective studies on young patients
have reported a recurrence rate of up to 100% of first time shoulder
dislocations.12–14,26 Hovelius et al published their landmark prospective
natural history study of first time shoulder dislocations in young
patients at two years, five years and ten years.5,6,23 Those authors
began their study with 257 patients and reported a 10 year follow up
in 245 patients, aged 12 to 40 years. They found 44% of patients
under 40 had at least two recurrent dislocations and 4% had only one
recurrence in 10 years. Their findings on recurrence listed by age and
time of follow up are listed in Table 17.2.

An ongoing prospective natural history study of shoulder instability
in a general population is currently being performed in the United
States by one of the authors (RS).24 Preliminary data of the first 95
patients with a first time shoulder instability episode evaluated every
six months with a minimum two year follow up demonstrate an
overall recurrence rate of 31%. However, there were no recurrent
episodes of instability in patients over 30-years-old, while 45% (29 of
65 patients) of those under 30 years of age had at least one instability
episode. Factors correlating with recurrence were age (under 30),
participation in sports for more than 150 hours per year (in subjects
under 30 years old), participation in collision or overhead sports
(subjects under 30 years old), hyperlaxity of the fifth metacarpal-
phalangeal joint, degree of trauma (less trauma at instability episode
with higher recurrence rate 34% versus 78%), and occupational use of
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Table 17.1 Retrospective natural history studies relating age to recurrence of
shoulder dislocation.

Author Number of Young age Middle age group Older age group
patients and recurrence and recurrence and recurrence

McLaughlin, 19507 101 < 20 y/o = 90% 20–40 y/o = 60% > 40 y/o = 10%
Rowe, 19568 308 < 20 y/o = 83% 20–40 y/o = 63% > 40 y/o = 16%
Rowe, 19612 324 < 20 y/o = 94% 20–40 y/o = 74% > 40 y/o = 14%
Simonet, 19849 116 < 20 y/o = 66% 20–40 y/o = 40% > 40 y/o = 0%
Lill, 199829 175 < 30 y/o = 86% > 30 y/o = 21%



the arm at or above chest level.24 Within the under 30 age group, there
was no correlation between younger age and instability, though this
may be based on a bias of the numbers of subjects at each age
subgroup (not many 25–30 years old).24

Natural history – athletic population

Athletics has long been felt to be a risk factor for recurrent shoulder
instability. While Hovelius noted recurrence of dislocation in a
general population of 20%,3 he noted recurrent shoulder instability in
90% of ice hockey players younger than 20 years old and 65% of
players aged 20–25 at the time of their first dislocation.4 Simonet et al,
in their retrospective natural history study, reported 82% of young
athletes had recurrent shoulder dislocations, while only 30% of non-
athletic patients in a similar age category had recurrent instability.9

Others have reported in studies without comparison groups that
recurrent shoulder instability is much higher in athletes, ranging
between 80% and 94% as compared with historical controls.10,15 As
such, some authors have recommended surgical reconstruction for
young athletes with a first time shoulder dislocation due to the
purported high risk of recurrence in this subpopulation.11,33

However, not all retrospective studies have confirmed this increased
risk in athletes.12 Unfortunately, the prospective natural history
studies are of no help in solving this issue. Hovelius reported in his
natural history study that the long-term prognosis concerning
recurrent dislocation was the same for similarly aged patients who
had a high level of activity when compared with those who were
sedentary.30,34 Sachs, in his ongoing natural history study of first time
dislocations in the United States with a minimum two year follow up
did find associations between type of sports and amount of
participation with recurrence in young (less than 30 years old)
patients with first time dislocation of the shoulder.24 Sachs found that
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Table 17.2 Summary of Hovelius’ 10 year data for recurrence and surgery for
first time shoulder dislocations in young patients. 

Age at first % recurrence % recurrence % recurrence % with surgery 
dislocation at 2 years at 5 years at 10 years by 10 years

All Subjects 32 44 52 23
(12–40-years-old)
12–22-years-old 47 64 66 34
23–29-years-old 28 48 56 28
30–40-years-old 13 19 23 9



those athletes who participate a minimum 150 hours per year of
sports (at least 3 hours per week, year round) had a higher rate of
recurrence than those who participate less than 150 hours per year
of sports. Further, Sachs also found that those athletes who were less
than 30 years old who participate in collision sports or overhead
sports (tennis, baseball, swimming, volleyball) had a higher
redislocation rate (45%) when compared with athletes participating in
all other sports (17%).24

With these apparently conflicting results, we attempted to evaluate
this critical subgroup of patients to determine if there is a difference
in the natural history of athletes with regard to recurrence in the first
time shoulder dislocation. We combined the natural history studies
where the data for athletic patients are presented separately from
those prospective studies where athletic control groups existed and
have the data presented. Although some studies have suggested that
there is little difference between athletic and non-athletic
populations, we feel that the best available data should be based on
information involving athletic or highly active patients only. There
are ten studies identified that reported details on either highly active
(military academy where collision sports are mandatory28) or athletic
populations (Table 17.3) who did not receive any surgical
intervention. Three of the studies represent subsets of the controls
involved in randomised studies, and the remaining studies were based
on populations where patients elected not to have surgical
intervention or where surgery was not offered.18–22 There were a total
of 277 patients involved with 160 having a subsequent redislocation
or subsequent instability for an estimate unstable incidence of 57·8%
over a two to four year time period. The 95% confidence interval is
51·7% to 63·6%. Thus for patients treated without surgery we can
expect between 52% and 64% to become unstable within a period of
a few years. In most of the studies, the incidences of instability in
athletes occurred within the first two years following the index
incident. In the Wintzell randomised study of 30 patients, 47% of the
non-surgical patients redislocated within six months, 53% within the
first year and only 7% redislocated between the first and second
year.19–21

Factors to consider, as brought to light by Sachs, are the amount of
sporting activity, level of activity (degree of competition) and types of
sports (collision/contact, dominant arm overhead, non-dominant
arm overhead, low demand sports such as running, cycling, etc).
These have generally not been addressed by other investigators.
Hovelius did attempt to separate young athletes based on groupings
of sport and found no difference between the types of sports and
recurrence.30,34 His inability to find a difference may be due to his
groupings of sports, not having enough athletes in each group to
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show a difference, or the amount of time spent in these sports may
not have been sufficient (infrequently playing certain high risk
sports). These factors may account for the apparent difference
between studies. The subjects in the series from West Point and
United States Military are involved in rigorous, high contact and
collision sports nearly everyday which may account for their very
high rate of recurrence.10,15,22

Natural history – need for surgery 

When evaluating the best approach to the management of the
patient with a first time shoulder dislocation, one must know
the likelihood that the patient will need surgery. As noted earlier, the
endpoint of some natural history studies and the definition for failure
of non-operative treatment varies with each study. The need for
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Table 17.3 Natural history of first time shoulder dislocations for young
athletes.

Author Population F/U Average # # % # % of all % of 
age Recurrence Recurrence Surgery surgery recurrence

surgery

Aronen, Navy 36 19 20 5 25 4 20 80
198436 Midshipmen months
Bottoni, Military 37 23 12 9 75 6 50 67
200122 months
Arciero, West 23 19·5 15 12 80 7 47 58
199410 Point months
Wheeler, West > 14 19 38 35 92 N/a N/a N/a
198915 Point months
Simonet, General 4·6 All 33 27 82 N/a N/a N/a
19849 Athletic years < 30
Kirkley, General 6·1 23 14 10 71 7 50 70
2001* Athletic years years
Wintzell Participate 1 24 23 11 48 N/a N/a N/a
199919–20 Sports year
Sachs, Sports > > 2 20·5 47 16 34
200124 150 hrs/yr years
Sachs- Collision – > 2 20·5 31 14 45 8 26 57
subset24 Overhead years

Sports
Hovelius, Athletic 2 < 23 39 21 54 N/a N/a N/a
199930 years
Hovelius, Athletic 2 < 30 53 24 45 N/a N/a N/a
199930 years
Hovelius, Recreational 2 < 23 35 14 40 N/a N/a N/a
199930 years
Hovelius, Recreational 2 < 30 57 20 35 N/a N/a N/a
199930 years

This data comes from studies of highly active or athletic populations. This includes controls in
randomised trials and where possible, natural history studies where the data for young athletes is
presented individually. (N/a = not available data, F/U follow up, # = number)
* This Kirkley data was furnished by Dr. Kirkley – updated with 6·1-year follow up from her series
published in 1999.



surgery as a determinant for failure of non-operative treatment is
subjective as well and may vary based on surgeon and patient
preferences. 

Henry reported in his retrospective study on first time and recurrent
dislocations in young athletes that 75% of these athletes required
surgery to participate in sports activities.11 Simonet et al noted that
33% of all first time shoulder dislocators in a general population
studied retrospectively had recurrent dislocations and that 21% of the
entire group required surgery at an average 1·9 years from the date of
injury.9 Evaluating Simonet’s data more closely, 63% of those with
recurrent shoulder dislocations required surgery and 67% of the 21
patients under 20 years of age who had a recurrence underwent
shoulder stabilisation surgery.9

Milgrom performed a prevalence study based on the Israeli Defense
Forces Medical Corps Computer Database.27 This database allows for
monitoring of citizens with recurrent shoulder dislocations before
these people are eligible for military induction, during the years of
regular military service (ages 18–21 years for men, 18–19·5 years for
women) and during the time of eligibility for reserve army service.27

Between the years of 1978 and 1995, the prevalence rate of subjects
with recurrent shoulder dislocations 21 years and younger was
found to be 19·7 per 10 000 men and 5·01 per 10 000 for women. The
prevalence rate for men between the ages of 22 and 33 with a history
of shoulder dislocation was 42·4/10 000. The authors found that 44%
of subjects were deemed sufficiently unstable to warrant surgery, but
only 55% of these young adults actually underwent surgery. 

In the prospective study by Hovelius et al, those authors found that
only 23% of the patients less than 40 years of age underwent surgery
within ten years from the time of their initial dislocation.5 The group
that underwent surgery is about half of all subjects with two or more
recurrent dislocations and less than half of all subjects with at least
one dislocation.5,34 Sachs also noted that only 11% of his entire
population (ages 12–82, mean 34-years-old) had surgical stabilisation,
which was only 15% of those subjects considered to be at greatest risk
(younger than 30 years old).24

Reviewing other prospective, but not randomised, comparison
studies of shoulder instability where recurrences occurred in the non-
operative group or failed treatment group, significant information can
be gleaned (Table 17.4). Based on the minimal data that exists, the
rates of surgery for those patients who fail early surgical intervention
for first time dislocations range from 0–100%.10,15,18–20,22,28 Wintzell’s
study of 30 patients treated with arthroscopic lavage and followed
one year revealed no further surgery in this group, including the three
that had recurrent instability at one year.19 However, at two years,
only one subject of the three who redislocated in the initial group of
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15 patients underwent a re-operation (re-operation rate of 33%).20

Also of the patients who underwent surgery in Bottoni’s study, only
one patient had failed and that patient elected to have a second
operation, totaling the 100%.22

More interesting are the rates of surgery for those that failed non-
operative treatment (Table 17.4). For those considered high risk, that
is young patients, 10–50% of all young subjects treated non-
operatively requested surgery.9,10,18–20,22 In the three studies where the
rate of surgery was greatest for the non-operatively treated “control
groups”, each study used military groups with young, active
homogeneous populations.10,22,28

Since, unfortunately, most of the reports in the existing literature
do not comment on the need for surgery among young, athletic
populations, we performed a limited meta-analysis. Of the 93 patients
reported, 32 (34%) required subsequent surgery. The 95% confidence
interval is 25% to 45%. Thus the best available data indicates that for
the young highly active patient not treated with surgery initially, we
can expect that between 25% and 45% of patients will require
subsequent surgery. 

Many factors result in the determination as to whether an
individual wishes to have surgery for recurrent dislocations. Some
athletes are more committed to their sport and/or sports participation
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Table 17.4 First time shoulder dislocation – recurrence with surgical and
non-surgical management. 

Author % failed % of failed % failed non- % of failed % of all non-
surgery surgery – re-op operative non-operative operative request

treatment request surgery surgery

Kirkley* 26 60 56 64 37
Wintzell 13 0 43 23 10
KSST 1999
Wintzell 20 66 60 66 40
JSES 199920

Bottoni 200122 11 100 75 66 50
DeBerardino 12 50 66 75 50
200128

Arciero 199410 14 33 80 58 47
Wheeler 198915 22 100 92
Milgrom 199827 44 55
Simonet 19849

All subjects 33 63 21
Simonet9

< 20 years old 66 67 44 of all < 20 y/o
Simonet9

20–40 y/o 40 59 23 of all 20–40 y/o

Evaluation of studies looking at (1) the rates of surgery for failed surgery done on first time shoulder
dislocations, and (2) rates of surgery for failed non-operative treatment of first time shoulder
dislocations divided into those who failed non-operative treatment and all those treated non-operatively.
The last series (Simonet) are rates for different age groups as described by Simonet.
*See note to Table 17.3



than other athletes. This motivation to return to the same sports at
the same level will vary with different individuals. Some athletes
simply must get back to their sport, while others, having suffered a
significant injury, would rather switch to a less risky sport or play
their sport less often or at a lower level. This may potentially account,
at least in part, for some of the athletes with recurrences not
requesting surgery. Further, not all redislocation episodes are alike.
Some patients’ shoulders dislocate weekly while some dislocate every
five years. Some patients’ shoulders dislocate with significant trauma
and pain while some slip in and out with very little discomfort or
trauma to the patient. Some patients are disabled by their re-
dislocations while some patients are minimally inconvenienced by
their recurrence. 

Although the published data is not as detailed or extensive, it can
be surmised that the percentage of subsequent instability will drop
substantially for patients whose age is over 25 at the time of original
dislocation. For example, Hovelius reported an incidence of
instability in 54% (21/39) of athletic patients under 23 years of age
at index dislocation but only 21% (3/14) in patients 23 years to
under 30.30 Finally, there is some existing data on the more general
population that suggests the incidence of redislocation/instability
may be considerably lower in the less active, non-athletic population,
although that has not been universally observed.

Summary: Natural history of shoulder dislocations

• Young patients have a higher rate of recurrent dislocations
• Young athletes may have a higher rate of recurrent dislocations compared

with young non-athletes
• Immobilisation and exercises may not affect the rate of recurrent dislocations
• Surgery reduces the rate of recurrent dislocations
• Approximately half of those with recurrent shoulder dislocations request

surgery

Treatment – non-surgical

Treatment of shoulder instability has traditionally consisted of
various types of immobilisation in adduction and internal rotation for
varying amounts of time. Some studies report a benefit from three
weeks of immobilisation as compared with shorter periods of
immobilisation2,35 and a benefit from withholding patients from
athletic participation for more than six weeks as compared with
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allowing them return to sports earlier.9 Aronen has reported a
recurrence rate of only 25% in US Naval Academy Midshipmen with
a closely supervised post-immobilisation rehabilitation program36

that has been supported by a study from Yoneda (17·3% recurrence).37

However, many other authors have studied the effect of
immobilisation on recurrence after a first time shoulder dislocation,
and no benefit has been identified.2,5,8,11–13,29 These studies that have
not found a benefit of immobilisation are larger studies and some are
retrospective. 

The lack of benefit from immobilisation may be explained by the
fact that in shoulders with anterior dislocation, the anteroinferior
aspect of the labrum is often inverted and shifted medially.38,39 The
pathology in first time shoulder dislocations includes a Bankart
Lesion (anteroinferior labral detachment from the glenoid rim) in
over 90% of cases.10,18,22,40–42 Holding the arm in adduction and
internal rotation, such as in a sling, may not provide adequate
co-aptation of the labrum to the glenoid rim since the anterior soft
tissue structures are not on tension.38,39 As a result, the labrum may
not be held in adequate apposition for healing, and thus, we may not
be immobilising patients correctly. Changing the position of arm
immobilisation still may not produce a benefit. It should be noted
that there have been no prospective, randomised studies with
controls evaluating the effect of immobilisation, and therefore no
definitive conclusions may be made regarding this form of treatment
to alter the natural history of first time shoulder dislocation. 

Further, other studies have not reported a benefit from exercises on
the rate of recurrence.9 The lack of benefit of therapeutic exercise to
reduce the rate of recurrent dislocation has been shown to be
particularly true for traumatic shoulder dislocations.43 Controlled,
prospective, randomised clinical trials on the effect of immobilisation
and on the effect of rehabilitation exercises (with or without
immobilisation) are needed to conclude whether these interventions
are beneficial.

Treatment – surgery

The data involving comparisons of surgery with non-surgical
intervention in the athletic population also is not very satisfying.
There are only three available randomised studies (involving about 60
patients in each group) and four non-randomised studies that provide
the best evidence for evaluation of the efficacy of surgical
intervention versus non-surgical intervention. 

We first evaluated the studies that provide the lowest confidence
level in research, that is single treatment group studies with no
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controls or case series studies. Boszotta reported on 67 patients with
an average age of 27 (range 19–39) who were treated with
arthroscopic suture repair for first time shoulder dislocation.44 These
patients were followed for five and one half years. The authors
reported that 85% of the patients returned to sports with a seven
percent recurrent dislocation rate (in patients with an average age
of 20 years). Salmon and Bell reported a retrospective evaluation of
17 athletic patients treated with arthroscopic stabilisation after their
first dislocation with an average age of 21·6 years.45 They noted one
patient with a recurrent dislocation (6%) and no patients with
recurrent subluxation. Interestingly, only ten of the subjects returned
to contact sports at the same or higher level. Five patients reported
lack of confidence in their shoulder though none had any indication
of shoulder subluxation or dislocation. Three of the five with lack of
confidence in their shoulder used this reason as to why they did not
return to sports at the same level.45 Uribe reported on a prospective
evaluation of 11 young patients treated with arthroscopic stabilisation
following their first shoulder dislocation.46 At an average of two
years, these young patients (averaging 20-years-old) had only one
subluxation and no re-operations.

The next higher level of confidence in research findings are those
non-randomised clinical trials with contemporaneous controls
(Table 17.5), such as Wheeler’s study.15 Wheeler published the first
prospective series comparing arthroscopic treatment for patients with
first time shoulder dislocations with non-operative controls enrolled
in the United States Military Academy at West Point.15 Nine patients
underwent arthroscopy – six had staple capsulorraphy and three just
had abrasion of the glenoid rim. This group was compared with 38
patients who were treated non-operatively, some concurrently and
some retrospectively. There were two failures in the surgery (total
failure rate of 22%) group; one with staple stabilisation and one with
glenoid abrasion. Both of these patients had open revision
stabilisation surgery. In the “control” group, 35 of the 38 subjects
treated non-operatively had recurrent instability – four subluxations,
14 dislocations, and 17 dislocations with subluxations – for a failure
rate of 92%.

Arciero et al published a non-randomised comparative study where
the patients could choose their treatment.10 This study, also
performed on subjects enrolled in the United States Military Academy
at West Point, compared 36 subjects who had first time dislocations
of the shoulder requiring reduction. These patients are a
homogeneous group of subjects with an average age of 20 (18–24) and
all very active in sports, as required by the United States Military
Academy. Fifteen of these patients were treated with immobilisation
for four weeks, and 12 of these patients (80%) had a recurrent
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dislocation within the 23 month average follow up period. Seven of
the patients with recurrent instability chose surgical stabilisation of
their shoulders. These seven patients who eventually had a shoulder
stabilising procedure are 58% of those who had recurrent instability
who were originally treated non-operatively and 47% of all those
treated non-operatively. Using the Rowe scale of shoulder instability
as a measurement tool, only two patients’ shoulders were rated as
excellent in this group, one good and 12 poor. Of the 21 patients who
elected to have their initial dislocation treated surgically using
arthroscopic suture stabilisation, only three had recurrent instability
(14%) at the average 32 month follow up. One patient sustained a
single subluxation and did not experience any further instability
episodes or require any other treatment, while a second patient
redislocated their shoulder and gave up contact sports. Only one of the
three with recurrent instability eventually had a revision stabilisation
for multiple subluxation episodes after the initial surgery. The ratings
using the Rowe scale indicated 16 patients with excellent results, two
good results and three poor results. Evaluating the subgroup of varsity
athletes, Arciero and co-authors found that 80% of athletes treated
non-operatively experienced recurrent instability while one in eight
varsity athletes treated with surgery had a recurrence (13%). These
data parallel their results for the whole group.

This group recently published a similar study using newer
arthroscopic stabilisation techniques.28 These authors noted difficulty
recruiting more military subjects to select the non-operative arm of
their study.28 Of the 54 patients with 55 acute initial dislocations, only
six cadets wished to be treated non-operatively for their first shoulder
dislocation. Of these six, four redislocated at an average 17 months
after their initial dislocation. Three of these four went on to have
surgical stabilisation. Forty-eight patients with 49 dislocations were
treated with arthroscopic stabilisation with an absorbable tack. These
45 men and three women with an average age of 20 were followed for
37 months. Six had recurrent instability episodes, and three of
these subjects underwent revision stabilisation. These subjects were
evaluated with Rowe scores (average 92). More importantly the
authors also utilised quality of life indices for evaluation of their
subjects, rather than just the Rowe scores, recurrence of instability
and surgery. The authors utilised the Single Assessment Numeric
Evaluation (SANE) Evaluation47 (average = 95·5) and the validated
quality of life SF 36 (average = 99 for the stable shoulders). 

DeBerardino et al also attempted to determine risk factors for
recurrent dislocations in those treated with early stabilisation.28 They
found a history of bilateral shoulder instability has a positive
predictive value of 75% and a negative predictive value of 93·3% in
their small group treated non-operatively. On physical examination

Evidence-based Sports Medicine

332



under anesthesia, a 2 + sulcus sign had a positive predictive value for
recurrent instability of 100% and a negative predictive value of
91·5%. Lastly, the authors stated that the finding of poor quality
capsulolabral tissue at the time of surgery had a positive predictive
value of 44·4% and a negative predictive value of 95%. Unfortunately,
the authors did not apply this methodology to evaluating the
predictive values for determining which subjects treated non-
operatively would eventually require surgery.

Certainly, the best information on decision-making is based on
prospective, randomised trials. Three study groups have been identified
in the English literature (Table 17.6). Kirkley et al performed a
prospective, randomised, double-blind study on patients under 30 years
of age with first time shoulder dislocations.18 These 40 patients with an
average age of 22 were randomised into an immobilisation group for
three weeks followed by physical therapy and a surgery group where
arthroscopic suture stabilisation was performed. All patients were
followed for a minimum of 24 months. Nineteen of the original
21 patients treated with immobilisation followed by physical therapy
were evaluated. Nine patients sustained recurrent dislocations while
two more patients experienced subluxations (11/21 = 56% recurrent
instability). Three of the 19 patients treated with primary arthroscopic
shoulder stabilisation developed recurrent dislocations and two other
patients had subluxation episodes as well (5/19 = 26% instability). 

An important addition to this study was the use of the Western
Ontario Shoulder Instability (WOSI) index, a validated quality of life
index.16,18 The authors found statistically significant differences at
33 months in disease-specific quality of life scores in those patients
treated surgically as compared with those treated non-operatively.
The authors also identified that the non-operatively treated patients
had significantly more trouble with sports than the surgically
managed group. 

Another prospective, randomised trial was carried out of non-
operative treatment compared with arthroscopic stabilisation using
absorbable tacks to repair the labrum to the glenoid and shifting the
capsule to restore its tension. This study was presented in 2001 by the
United States Military.22 These authors studied 21 active duty military
personnel with an average age of 22 years (18–26). Twelve patients
were treated with four weeks of immobilisation followed by
rehabilitation exercises. Nine of these 12 sustained another
dislocation at an average follow up of three years. Six of these patients
(75% of those with a recurrence, 50% of those treated non-
operatively) chose to have shoulder stabilisation surgery. Of the nine
patients randomised to the surgery group, only one (11%) had
recurrent dislocation and underwent revision surgery. These authors
also evaluated the patients using the validated L’Insalata Shoulder
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Evaluation,48 the SANE Evaluation, patient satisfaction score and
functional status rating. Scores using the L’Insalata scale and SANE
evaluation were significantly better in the surgically treated group than
the non-operative group (94 versus 73, and 88 versus 57, respectively).
Of those treated non-operatively, the nine with recurrent instability
rated themselves as unsatisfactory (even though three did not opt for
further surgery), and the three with no instability rated their shoulders
as excellent. Of those treated surgically, six of the eight patients who
were stable rated their shoulders as excellent, two as good, and the
patient who redislocated as poor.

Wintzell et al have published a series of articles about a prospective,
randomised study comparing non-operative treatment without
immobilisation (except for comfort) with arthroscopic lavage (no
fixation or repair of capsule or labrum).19–21 The authors have
published the results of 30 patients who were followed for two years
and of 60 patients who were followed for one year (which includes
the first 30 from the two year study).19,21 These authors performed
arthroscopic lavage of 200–400 ccs within ten days of injury until the
shoulder was clear of haemarthrosis for the surgically treated group.
Post-operatively, the patients used a sling for comfort. The other half
of the patients in the study, the control group, were treated non-
operatively, using a sling for comfort only. All patients were under
30 years of age and had only one shoulder dislocation at the time they
were randomised in the study.

Reviewing the results of the 60 patients followed for one year, the
authors noted this group averaged 23·50 years of age.19 The group
treated with arthroscopic lavage had a recurrence rate of 13% (4 of 30)
at one year as compared with 43% (13/30) for the non-operative group.
Three of the 13 who had recurrences in the non-operative group
underwent shoulder stabilisation surgery while none of the three
patients in the surgery group who had a recurrence opted for surgical
intervention. The authors noted the recurrence rate was high if the
subjects were younger than 25 years old. The redislocation rate was no
different if the initial dislocation occurred during a sports activity as
compared with those whose dislocation did not occur during sports.
However, the authors noted that those individuals who gave up sports
in both groups (seven of the 26 in the lavage group and eight of the
23 in the non-operative group) were all involved in contact and
overhead sports. The crank test was noted to be positive at follow-up
in 57% of patients treated non-operatively and significantly less
positive (23%) in patients treated with arthroscopic lavage. Using the
Rowe scale, 24 of 30 patients (80%) were good to excellent in the
lavage group with only four (13%) rated as poor. This is to be compared
with only 12 of 30 (40%) good to excellent results in the non-operative
group at last follow up and 17 (57%) rated as poor.
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The results of Wintzell et al’s two year study of 30 patients (26 men,
four women, average 24 years old) is similar to the study just cited
above, though the recurrence rate is greater due to the longer follow
up.20 In the lavage group, 20% of the patients experienced recurrent
instability (three patients with an average 3·7 dislocations in a group
of 15) in the lavage group. In the non-operative group, 60% of the
patients sustained recurrent instability (nine patients with an average
4·1 dislocations in a group of 15 patients). Three patients from the
non-operative group had already undergone shoulder stabilisation
surgery while another three were awaiting surgical stabilisation
(40% of the non-operative group, 66% of those with recurrence). Two
patients in the lavage group (13% of lavage group, 66% of those with
recurrent instability) elected to have shoulder stabilisation surgery.

The Crank Test was positive in 53% (eight of 15 patients) of the
lavage group and 75% (12 of 15) of patients in the non-operative
group. The difference in the Constant Score between the two groups
at two years was not statistically significantly different (91 for lavage
versus 87 for non-operative). The Rowe scale revealed 60% good to
excellent results for the lavage group (with two poor = 13%) compared
with 27% good to excellent results in the non-operative patients
(with eight poor = 53%).

Both groups did worse with time measured by instability episodes,
apprehension measured by the Crank test and Rowe scores. However,
the results in the lavage group were better with respect to the Rowe
scores, Crank test and rate of recurrence. The reason for this is not
entirely clear. The joint effusion and haematoma after dislocation
usually resolves within three to seven weeks after dislocation.49

Arthroscopic lavage does remove the haematoma, though an effusion
does reaccumulate.49 This resolution of the joint effusion is 66% more
rapid in the lavage group than in the control group. Removing the
haematoma and fluid from the glenohumeral joint cavity by
arthroscopic lavage may be the reason lavage appears to reduce the
rate of redislocation.19,20,50 One may deduce that a haematoma and
joint effusion may compromise the healing of the Bankart lesion by
pushing the anterior capsulolabral structures off the glenoid.

The results from the randomised studies (two from the same
author) are presented in Table 17.6. Although the estimated odds
ratios seem to differ substantially (3·85, 6, 24) because of the small
sample size in two of the studies, good evidence is lacking for
heterogeneity. These numbers represent the odds of recurrent
dislocation among the non-operatively treated patients compared to
the operatively treated patients. The combined Mantel-Haenszel
estimated odds ratio (using the two year study of Wintzell) is 6·17
with 95% confidence interval 2·41–15·78. Thus the relative risk of
recurrent dislocation is six times greater in the traditionally treated,
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non-operative group when compared with those who underwent
early surgery (p < 0·001).

If the three non-randomised papers from Table 17.5 are included,
the combined estimated odds ratio is 12·22 (95% confidence interval
6·30–23·69). Given that the estimated odds ratios are so much
larger in the non-randomised studies (as would be expected), we feel
that the results of the randomised studies (odds ratio = 6·17, 95%
confidence interval 2·41–15·78) represent a better estimate of the
efficacy of surgical intervention over conservative treatment. Thus,
using the best evidence available, the randomised comparative
studies indicate that surgical intervention results in a substantial
reduction in the incidence of subsequent instability following index
dislocation.

Appropriate criteria to determine the need for subsequent surgery is
much less clear. The differences in the subsequent surgery rates
between the control and surgery groups for these studies are 27%,
21% and 39% at two to three years. For the non-randomised
comparative studies, the differences in subsequent surgery are 42%
and 57%. Once again, the differences are expected to be greater in
non-randomised studies due to patient selection. In addition, the
higher estimate for subsequent surgery among patients treated
conservatively from Table 17.3 only serve to complicate any attempt
to quantify this statistic. The odds ratio calculations indicate that
treating all patients with surgery would result in operating on about
75% of the patients who would not otherwise have needed surgery.

Separating the decision “To operate” from
“The technique”

There have been over 250 operative techniques described for the
treatment of anterior instability all differing in their success rates and
types and rates of complications. These surgical techniques can be
classified into four basic groups.

1 Procedures that limit external rotation by tightening the anterior
structures such as the Magnuson-Stack51 and Putti-Platt52

procedures.
2 Bony blocks to prevent anterior humeral head translation such as

the Bristow procedure53 and its variations.
3 Osteotomies of the glenoid or rotational osteotomies of the

humerus.
4 Anatomic reconstruction of the disrupted anteroinferior

capsulolabral complex, such as the Bankart procedure54 and
capsular shift.55
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Because of its success in preventing recurrences (generally success
rates with less than 5% recurrences)56 the open Bankart repair and its
modifications are generally considered the gold standard. Most of
these open procedures are not without significant risk, intra-
operatively or post-operatively and have variable results with regard
to returning the athlete to sports activity, depending on the procedure
and on the sport played. Due to the risks involved and inconsistent
results for the athlete attempting to return to sports after shoulder
stabilisation, those individuals advocating early surgical intervention
for those with first time shoulder dislocations did not have many
supporters until the advent of arthroscopy.

Arthroscopic surgery has many potential advantages over
comparable open procedures. Arthroscopy is relatively atraumatic,
does not involve splitting or taking down the subscapularis muscle
(resulting in less risk of injury or detachment of the subscapularis
muscle-tendon unit), can be performed more easily and reliably as an
outpatient procedure as compared with open procedures, and the
patient notes quicker recovery from surgery (earlier return to work
and fewer pain medications). However, the failure rate of arthroscopic
stabilisation is higher than the failure rate for open stabilisation,
ranging from 14–49% in some series.57–63 Further, current arthroscopic
stabilisation procedures are technically demanding, possibly more so
than open surgical stabilisation.

The first generation of arthroscopic treatment of shoulder
instability involved direct repair of the labrum to the glenoid without
addressing capsular plastic deformation and residual laxity. The
results of these early arthroscopic stabilisation procedures were
associated with high failure rates, particularly in contact athletes and
in those with poor quality capsular tissue. Due to the high recurrent
dislocation rates and with the limited ability to re-tension the capsule,
most advocates of arthroscopic shoulder stabilisation suggested that
this procedure should be performed in those with first time shoulder
dislocations, particularly early after the first dislocation, to prevent
further capsular injury. This thought process has evolved to
performing the surgery within 10 days from the first dislocation. It
has been assumed that early surgery is better than surgery performed
later, however, this assumption has never been studied prospectively. 

An explosion of technology has impacted arthroscopic shoulder
stabilisation surgery. This new technology has allowed many
innovations and advancements in technique and ability to address all
the pathology associated with shoulder dislocations. Newer techniques
allow for tensioning of the capsule in addition to reattachment of the
labrum to the glenoid rim. As such, arthroscopic stabilisation
techniques performed today are vastly different from the procedures
that have been reported with mid-term length of follow up where the
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results are not nearly as good as open techniques. This constant
evolution and innovation has perpetuated enthusiasm for this form of
stabilisation, though the data confirming its success are lacking. This
era of innovation and advancement in surgical technique also brings
light to the fact that possibly these procedures may not need to be
done within 10 days from the injury, since capsular laxity may be
addressed with current techniques and technology. 

Still yet to be studied, especially in a prospective, randomised
fashion, is open versus arthroscopic stabilisation for first time shoulder
dislocations. Any study forthcoming, however, may suffer from the
fact that the arthroscopic technique performed in the study may be
obsolete or replaced by newer techniques by the time the subjects are
followed for a minimum two years and the data is eventually published.
It must also be noted that these procedures, which are technically
demanding, are being performed by surgeons who are performing
these operations regularly, and may not always apply to the
orthopaedic surgeon who may not be performing these technically
demanding procedures as frequently as the clinician researchers. 

Thus, there is no data to confirm if arthroscopic techniques are
better or worse than open procedures for the treatment of first time
anterior dislocations of the shoulder and whether the timing of
surgery has an important role. As such, at this time, with no research
to guide the physician, the technique utilised for shoulder
stabilisation should not play a role in the decision making process as
to whether a young athlete with a first time shoulder dislocation
should undergo early surgery.

Complications of surgery

Any discussion of surgical intervention and the potential
recommendation of surgery to alter the natural history of any
disorder must address the risks of surgery, because surgical risk also
plays a role in the cost-benefit ratio/comparison. Complication rates
of shoulder stabilisation surgery are highly dependent on the surgical
technique utilised. Reported complications of open shoulder
stabilisation include infection, bleeding, injury to nerves (particularly
the axillary and musculocutaneous nerves), loss of shoulder motion
(the goal of many older open procedures, such as the Putti-Platt
and Magnuson-Stack), recurrent instability (subluxation and/or
dislocation) (reports range from three percent to 50%),64 hardware
complications, arthritis (often due to loss of shoulder motion),
subscapularis detachment/disruption, pain and weakness.

The reported complications of arthroscopic stabilisation include
infection, bleeding, injury to nerves (including the axillary,
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musculocutaneous and suprascapular nerve), recurrent instability
(subluxation and/or dislocation), hardware complications, loss of
motion, pain and weakness. Arthroscopic stabilisation using lasers
and radiofrequency probes include the additional risks of thermal
necrosis of articular cartilage, avascular necrosis and necrosis and
ablation of the glenohumeral ligaments and capsule. Essentially,
arthroscopic stabilisation has a higher recurrent dislocation rate, the
added risk of injury to the suprascapular nerve from the posterior
arthroscopy portal or from the transglenoid suture technique and
thermal injury to the shoulder bony and soft tissue structures.
However, arthroscopic stabilisation has a lower rate of stiffness/loss of
motion and nearly no risk of subscapularis disruption/detachment.
Complication rates vary with each individual surgical approach and
technique as well as with the experience of the surgeon.

Reviewing the prospective studies for the management of first time
shoulder dislocations, only one paper did not list post-operative
complications.15 Considering adverse problems other than recurrent
shoulder instability, the studies reported no complications for the
combined population of 108 shoulders.19,22,28 Kirkley et al18 noted one
complication, joint sepsis, in their series of 19 patients treated
surgically (5%). Arciero et al10 reported three complications for their
21 patients (14%): one suture abscess and two transient median nerve
injuries due to traction. 

Outcomes assessment 

Most studies of patients with shoulder dislocation evaluate recurrent
instability and/or the need for surgery. However, an important
measurement tool is frequently absent from these studies – quality of
life and quality of function outcomes assessments. These tools may be
very important in determining the treatment of the athlete with
recurrent instability. An athlete may not have any recurrences but has
given up athletics due to apprehension or concern of instability.
Kirkley et al evaluated their subjects in her prospective randomised
study of subjects with first time shoulder dislocations using the
validated quality of life index, the WOSI index.18 The importance of
this information is highlighted by the fact that these authors found
that quality of life scores were not normal, even for those individuals
treated non-operatively that did not have any further instability. The
authors noted that the non-operatively treated subjects who had no
recurrences had a WOSI score of 14·5% less than normal which is a
similar score to those treated surgically (16% less than normal).18

Kirkley et al also found that those subjects treated non-operatively
measured 70% of normal on the WOSI index while the surgically
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treated group measured 86% of normal on the WOSI index
(statistically significant).18 In other words, the surgery group’s total
WOSI scores were 16·5% better than the scores of the traditional
group, demonstrating the difference between the two treatment
groups. Further, Kirkley et al specifically evaluated sports specific
capabilities and found that the non-operatively treated group had
significantly more trouble with sports than the surgically treated
group (sports scores for the non-operative group 20% below the
surgical group). For Kirkley’s athletic patients treated non-operatively
at an average of over 6 years follow up, the WOSI scores averaged 67%
of normal (Kirkley, unpublished data). 

Bottoni et al also found the SANE scores (a non-validated
questionnaire that correlates well with the Rowe and American
Shoulder and Elbow Society Scales) and L’Insalata (a validated
questionnaire) scores were significantly lower for a non-operatively
treated soldier with a first time shoulder dislocation when compared
with those treated surgically. 

DeBerardino et al found near normal SANE scores and SF-36 scores
for those who had surgery to stabilise their first time shoulder
dislocation and were stable at follow up.28

Summary: Outcomes analysis

• Very little data
• Non-operatively treated young patients with first time shoulder dislocations

score poorly on quality of life and sports indices as compared with those
treated surgically

• Those treated surgically and those treated non-operatively without
recurrent dislocations do not have normal scores for quality of life and
sports scales

• Need for use of validated rating scales for quality of life and sports for
future prospective randomised studies 

Recommendation for treatment of the young athlete

The issue of how best to manage the shoulder of a young athlete
with a first time dislocation cannot be answered in a straightforward
way. The answer is even more difficult to determine based on the lack
of adequate data available. Determining the best management of the
young athlete with a first time shoulder dislocation depends on the
physician and, in large part, the goals of the patient. The treatment
recommendation may be at either end of the spectrum from surgery
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to “watchful waiting”, depending on the outcome sought as well as
the true natural history of first time shoulder dislocation for this type
of patient. These are the fundamental questions.

• Is the natural history bad enough to warrant intervention?
• Will the proposed intervention alter the natural history?
• Whether the cost benefit ratio favors the intended intervention?

The answer will likely vary with each physician and each individual
athlete based on the goals and motivation to return to their present
sport or alternative sports. Possible outcome goals for intervention to
alter the natural history are:

• ability to prevent redislocation
• ability to prevent the need for subsequent surgery
• effect on athletic participation
• effect on quality of life.

Table 17.3 summarises the available data for the natural history of
the young athlete with a first time shoulder dislocation with
outcomes for recurrent instability, and when available, for the
outcome of eventual surgery. Potential long-term consequences of
shoulder instability with regard to rotator cuff pathology and
degenerative arthritis are not supported by the current literature. Data
regarding the quality of life impacted by shoulder instability as well as
subsequent sporting activities are scarce. The best available published
data refers to prevention of redislocation and subsequent surgery.

Surgical intervention has been shown to be effective in reducing
the risk of redislocation. Young subjects with first time shoulder
dislocations are the highest risk individuals, and the pooled data
certainly suggests that young athletes may have the highest risk.
However, it is important to note that 36% to 48% of young athletes
with a first time shoulder dislocation will likely not have a
redislocation or instability episode. Thus any recommendation to
operate on all first time dislocation patients will result in many young
athletes being subjected to unnecessary surgery. It is highly unlikely
that any such strategy would survive a rigorous cost benefit analysis
even in cases where the risks involved with the surgery itself were
minimal. Any strategy involving surgery should be limited to a
patient population where the risks of recurrent instability were almost
certain. Unfortunately, this population cannot be determined with
the present data available. 

As to the ability to prevent the need for subsequent surgery, there is
a surprising paucity of data. The primary outcome evaluated in most
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of the studies is the occurrence of further instability episodes. Studies
utilising outcomes assessment tools are absent in the scientific
literature. Further, there are no quality clinical studies (large,
prospective, randomised, double-blinded clinical trials) studying the
effect of immobilisation for varying lengths of time and/or exercises
on redislocation or subsequent surgery. This is especially true for the
young athlete with a first time shoulder dislocation. 

The third and fourth considerations relate to the effects of the first
time shoulder dislocation with respect to the young athlete’s quality of
life measures and quality of sports activity. Unfortunately, little data
exists that includes quality of life measures. More must be done. What
little data exists suggests that patients treated non-operatively
experience lower quality of life and sports.18,22 Quality of life indices are
an important indicator of the success of treatment or non-treatment.
The possibility exists that the number of athletes treated non-operatively
who did not have a recurrent dislocation or surgery may be artificially
low. The data may not reflect the experiences of subjects who may have
avoided re-injury by giving up their sport or opting to compete at less
capacity because they may have felt unstable, unsure of their shoulder
or unable to return to sports. This is supported by the results of Salmon
and Bell who found that 29% of their patients complained of a lack of
confidence in their shoulder even though they had no indication of
subluxation or dislocation, and that 18% of their subjects did not return
to sports because of this feeling of no confidence in their shoulder.45

Thus, currently, there is no evidence that early surgery is indicated for
patients that sustains a shoulder dislocation for the first time. Early
surgery may be justified in special cases, particularly those who face
loss of life or livelihood from recurrent dislocation. In the authors’
experience, these include policemen and women, mountain climbers
and sky divers. These patients are examples of individuals in whom a
recurrent dislocation might cause a threat to life. Early surgery may also
be considered in professional athletes as they may face the loss of their
job, and college athletes who may face the loss of their scholarship, if
their shoulder has a subsequent dislocation. A last group is those
individuals who may be psychologically unable to handle the prospect
of even a possibility of recurrence. For some patients the risk of surgery,
even unnecessary surgery, is preferable to the risk of redislocation.

Future studies are necessary and need to include quality of life
measures such as the SF-36 and/or the WOSI index to allow for more
critical evaluation of the effect of the first time shoulder dislocation
and its relationship to alternative treatment options. Even though
patients may not have a recurrent dislocation, their quality of life and
quality of sporting life may be diminished following a shoulder
dislocation. Quality of life and sports outcomes must also be
considered in the cost-benefit analysis for the individual athlete with
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a first time shoulder dislocation since not all athletes are equally
committed to their sport (type, level or amount of time participating).

Conclusion

The best way to manage a young athletic patient with the first time
shoulder dislocation is not an easy question to answer. Currently, the
relatively small number of prospective, double-blind, randomised trials
of sufficient sample size means that recommendations for specific
treatment following a first time shoulder dislocation cannot be made
with much confidence from an evidence-based medicine point of view.
There are a few good studies published that help shed some light. In
the randomised trials reported thus far, surgery does substantially
reduce the incidence of recurrent shoulder instability in this subgroup
of high-risk patients, and some studies do suggest that quality of life
improves with surgical stabilisation, allowing patients to return to
sports. However, surgery does have risk and potential complications.
Unless performed selectively, a large number of individuals may
undergo an operation unnecessarily. A cost-benefit ratio must be
determined, though ratios may vary among different patients and
surgeons. As a result, management should be individualised based on
the athlete’s personal goals, motivation, sports played and willingness
to undergo surgery with the known risks. 

It is the opinion of the authors, based on the best evidence
available, that some younger athletes might benefit from surgical
intervention following initial anterior dislocation of the shoulder. In
many cases, surgical intervention results in the substantial reduction
of subsequent redislocations, the improved functional ability
following surgery and the possibility that up to a quarter or more of
the patients treated conservatively might still go on to subsequent
surgery. However, what is entirely missing from all of these studies is
any attempt to distinguish those patients who would require
subsequent surgery from those who would not. To help determine
which subgroup would benefit from surgical intervention at the time
of the first encounter after initial shoulder dislocation, authors of the
existing publications must conduct and report more complete
investigations of the athletes, especially in terms of why a subsequent
surgery was considered necessary and why those who had recurrent
instability did not wish to undergo surgical stabilisation. Without
this information the treating physicians will have to rely on their
own judgement regarding the preferred treatment rather than
relying on conclusive, scientific evidence-based data. Perhaps a more
extensive investigation into the patients’ expectations and future
intentions may be very helpful here. After reduction, immobilisation
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for three weeks and possibly refraining from sports for another three
weeks may reduce the rate of recurrence of shoulder dislocations in
the young athlete. 

In summary, at this point no conclusive evidence exists to
recommend early surgical intervention for the young athlete with a
first time shoulder dislocation. There does appear to be a subgroup of
young athletes (approximately 25% of young athletes with first time
anterior shoulder dislocation) that do need surgery. Currently, there is
no evidence to predict who they are. 

Future large, double-blinded, prospective, randomised clinical trials
evaluating risk of recurrence with and without surgery are needed.
Such studies should evaluate the results separately for different
sporting type activities (collision sports, contact sports, etc), for males
and females and for different age groups. These studies must include
more details on the level of activity, validated scales to assess quality
of life and function scores such as the SF-36 and WOSI index, as well
as details of surgical complications and cost considerations. Only then
can the small subgroup of young athletic patients with a first time
anterior dislocation of the shoulder who will eventually need surgery
be identified. Once identified, we can then begin to answer the
question of which patients (if any) would most benefit from surgery
after their first shoulder dislocation.

Box 17.1 Factors to consider

• Recurrence of dislocation
• Need for surgery
• Quality of life and sports
• Individual’s goals with regard to return to play, sports played, at what level

to participate
• Risks of surgery

Case studies

Case study 17.1

An 18-year-old rugby player is tackled and falls, sustaining an anterior
dislocation of his dominant shoulder. This is the first time he has dislocated
his shoulder. After his shoulder is reduced, he is placed in a sling by the
trainer and referred to the team physician. What are your recommendations?
Does your recommendation change if the athlete also plays competitive
tennis? Does it change if it is in the non-dominant shoulder? Does it change
if he is 28 years old?
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Sample examination questions

Multiple choice questions (answers on p 562)

1 The risk of recurrent shoulder dislocation is greatest in

A Subjects > 50 years old
B Subjects < 20 years old
C Subjects with concomitant greater tuberosity fracture
D Subjects 20–40 years old
E Males

2 Validated Shoulder Quality of Life Scales include

A Constant Score
B American Shoulder and Elbow Society Scale
C Western Ontario Shoulder Instability Index
D Lysholm
E All of the above

3 Factors proven to reduce the rate of dislocation include

A Immobilisation
B Exercises
C Surgery
D All of the above
E None of the Above

1 Describe what factors help determine the cost-benefit ratio when
attempting to come to a conclusion about the best approach to
manage a young athlete with a first time shoulder dislocation.

2 Write the methodology for putting together a study to answer the
questions of how to best manage a first time dislocation of the
shoulder in a young athlete.

3 Why is a discussion only of the effect of surgery versus the natural
history not adequate in determining the optimal management of the
young athlete who has dislocated their shoulder for the first time?
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18: How should you treat
tennis elbow?
ALASDAIR JA SANTINI, SIMON P FROSTICK

Introduction

Lateral epicondylitis or tennis elbow is one of the commoner
pathologies of the arm encountered by surgeons. Despite its
eponymous title, it occurs more commonly in non-athletes than
athletes. Its peak incidence is in the fifth decade with an equal male
to female ratio.1,2

It was first described by Runge in 1873 and since then over thirty
different conditions have been described as possible aetiologies.1,3,4

The term epicondylitis suggests an inflammatory aetiology, however
Boyer commented that there was no evidence of acute or chronic
inflammation in all but one of the publications examining
pathological specimens of patients operated on for this condition.5

The pathology is more likely to be angiofibroblastic degeneration
in the origin of extensor carpi radialis brevis rather than an
inflammatory process and hence the term epicondylosis is a more
correct one. It may be a normal part of ageing or a response to the
stress of overload and overuse.6,7,8

There are many treatment options available to the clinician, but the
use of these by individual practitioners is often based on anecdotal
evidence. The treatments include various anti-inflammatory
medications, ultrasound, physical therapy, and steroid injections. A
large number of operations have also been described with varying
levels of success. Although the literature is wide ranging, there is a
general paucity of high quality scientific evidence to support any one
treatment protocol over any other. In this chapter we will discuss the
anatomy, pathology and treatment options and review the literature.
We will propose that the term tennis elbow is antiquated and that the
term epicondylitis should be replaced with epicondylosis. We will also
critically review the available literature and offer an evidence-based
treatment plan for lateral epicondylosis.

Methodology

The evidence discussed in this chapter has been accumulated from
two main sources. As clinicians usually reach for a textbook to gain



information, we have used standard textbooks as a basis for the
treatment protocols. By doing this, we hope to discuss the evidence
available based on the protocols with which a clinician may already
work.

Scientific papers have been searched for with the Medline
database utilities, using the words “lateral epicondylitis”, “lateral
epicondylosis”, and “tennis elbow”. The searches were limited to well
known, peer review journals of high standing, printed in English.
Papers were limited to the past thirty years, with the exception of
those for historical interest, however where similar studies have been
published, we have concentrated on those published within the past
ten years. Where review articles have summarised large numbers of
papers, we have not individually referenced these papers. 

There are undoubtedly papers that have been overlooked, but we
believe that this chapter covers the main published evidence for the
treatment of lateral epicondylosis.

Anatomy

The standard teaching places the pathology at the origin of
extensor carpi radialis brevis.1,6,9 The origin of extensor carpi radialis
brevis is covered by both the extensor carpi radialis longus and the
extensor communis origin and is found just distal to the mid-point of
the lateral epicondyle. Figure 18.1 shows the anatomy of the elbow
with the muscle attachments.

Common extensor origin

The origin of the common extensor is from the smooth area on
front of the lateral epicondyle and consists of the fused tendons of
extensor carpi radialis brevis, extensor digitorum, extensor digiti
minimi, and extensor carpi ulnaris. All four muscles pass to the
posterior surface of the forearm. When the forearm is extended and
supinated, they spiral around the upper end of the radius. Behind this
rounded mass of muscle is an elongated pit in which lies the head of
the radius. In the flexed and semipronated, working position of the
forearm the muscles pass straight from the front of the lateral
epicondyle to the forearm.10 As the origin of extensor carpi radialis
brevis is covered by extensor carpi radialis longus and the extensor
communis origin, one must localise tenderness to this origin to make
the diagnosis. It is obviously important to rule out the various other
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differential diagnoses of pain in this anatomical area, such as
osteochondritis dissecans of the capitellum, lateral compartment
arthritis, varus instability and radial tunnel syndrome.

Extensor carpi radialis longus

This muscle takes its origin from the lower one third of the lateral
supracondylar ridge of the humerus, and passes down the forearm,
behind brachioradialis and deep to the thumb muscles, to the base of
the second metacarpal. It is supplied by the radial nerve (C6/7). It is
an extensor and abductor of the wrist and assists in flexion of the
elbow. It is indispensable to the action of making a fist, acting as a
synergist during finger flexion. It is tested with the forearm pronated,
wrist extended and abducted against resistance; the muscle is palpated
below and behind the lateral side of the elbow.10

Extensor carpi radialis brevis

This muscle runs from the common extensor origin behind and
deep to the extensor carpi radialis longus and inserts into the third
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metacarpal, which is the same metacarpal as flexor carpi radialis. It is
supplied by the posterior interosseous nerve (C7/8). Its action, like
longus, is to make a fist.10

An anatomical study by Greenbaum et al highlighted the difficulty
in isolating the origin of extensor carpi radialis brevis.11 In forty
cadaveric specimens, ten showed the brevis tendon to be running
under the muscle bellies of extensor carpi radialis longus and extensor
communis, such that its origin on the condyle was not identifiable.
The remaining thirty specimens showed that the smaller tendon of
brevis interdigitated with that of communis at its origin forming a
large aponeurosis. The centre of this coalescence was found
consistently over the most prominent and lateral portion of the
condyle. In all dissections, there was a lack of a definitive separation
of brevis and communis at the osteotendinous junction. The
histological analysis confirmed the macroscopic lack of separation
between the two tendons. This paper questioned the “tennis elbow”
symptoms being ascribed to the extensor carpi radialis brevis and
suggested it be ascribed to the common extensor origin.

Histopathology

The exact pathophysiology of lateral epicondylitis is controversial.
The pathology is likely to be a hypoxic degeneration in the origin of
extensor carpi radialis brevis and not an inflammatory process as
suggested by the term epicondylitis.6 Histopathological studies have
shown that specimens of tendon obtained from areas of chronic
overuse do not contain large numbers of macrophages, lymphocytes
or neutrophils.7 The condition may be a normal part of ageing or can
be a response to overload stress. Overloading and overuse leads to an
incomplete healing response characterised by a vascular and fibrous
proliferation in areas of poor vascularity.6

Kannus and Jozsa compared 891 ruptured tendons of all types with
445 controlled and age matched cadaveric specimens. The 891 ruptured
tendons were all repaired operatively and samples taken for histological
analysis. None of the ruptured tendons were of a healthy structure, but
66% of the controls were (p < 0·001). In the ruptured group, 97% of the
pathological changes were of a degenerative type, including hypoxic
degenerative tendinopathy, mucoid degeneration, tendolipomatosis
and calcifying tendinopathies, either alone or in combination. These
changes occurred in 34% of controls (p < 0·001). Kannus concluded
that degenerative changes are common in people over 35 years and are
associated with spontaneous rupture of tendons.12

Tendons can rupture acutely and chronically. Acute injuries are
traumatic in nature and do not represent the pathology that we describe
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here. Chronic injuries are as a result of multiple microtraumatic events
that cause disruption of the internal structure of the tendon causing
degeneration of the cells and matrix, which then fail to mature into a
normal tendon. This injury pattern may result in tendinosis.7,8,13

The hypothesis is that when a tendon is injured by a cyclically
applied, cumulative type of force, the injury is perceived by the body’s
immune system as subclinical, because of the lack of involvement of
the haemopoietic system. The normal sequence of inflammatory
response is bypassed and instead, tendon intrasubstance proliferates,
leading to degeneration in a poorly vascularised area. This is
characterised, histologically, by cellular atrophy, diminished protein
synthesis and cyst proliferation. As the degenerative areas enlarge, the
tendon weakens and eventually microruptures. Only at this stage is the
classic inflammatory response and healing cascade initiated.8 The
whole histological pattern is of dense populations of fibroblasts,
vascular hyperplasia and disorganised collagen. This has been termed
“angiofibroblastic hyperplasia”.7,8 Nirschl described tendinosis as the
disruption of normally ordered tendon fibres by a characteristic pattern
of invasion by fibroblasts and vascular granulation tissue. He called it
angiofibroblastic tendinosis as the angiofibroblastic tissue was found to
be insinuating itself through abnormal hypercellular regions and
extending focally into adjacent normal appearing tendon fibres.7,13

Nirschl has classified the stages of repetitive microtrauma into
four groups.14 The first stage is a minor injury, resulting in an
inflammatory response. This is not associated with any pathological
alteration and therefore resolves. The second stage is one of
pathological alterations such as angiofibroblastic degeneration and
tendinosis. The third stage is associated with more severe pathological
changes, leading to structural failure of the tendon and hence
rupture. The fourth stage shows the features of stage two and stage
three with the addition of further pathologies such as fibrosis, soft
tissue calcification and hard osseous calcification. Nirschl suggested
that this stage may be related to the use of cortisone. Hence the
overuse injuries and the sport-induced injuries that are called “tennis
elbow” would seem to be stage two in Nirschl’s classification.

It would be fair to comment that the sequence of events and the
resulting histological findings are incompletely understood. It is not
clear why tendinosis is painful, given the absence of inflammatory cells.
Is it due to some chemical characteristic within the healing matrix such
as the pH level or the level of prostaglandins?7 Neither is it clear why
the collagen fails to mature. Is it due to a vascular abnormality and a
relative hypoxic state?7 Kraushaar suggests that shear forces within
the tendon may either signal the mechanoreceptors (integrins) on the
surface of the resting tenocyte or actually harm the cells when a
cleavage plane is formed between the tendon fascicles. The activated
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fibroblast begins to multiply and starts to produce collagen locally.
However it is the lack of an effective vascular system that leads to the
failure of the healing cycle in tendinosis. Instead of the classic immune-
based inflammatory response, the mesenchymal cell-based process in
tendinosis lacks the chemical guidance that normally would lead to
maintenance of the matrix and the expected remodelling phase of
tendon healing.7,8

The terms epicondylitis and tendonitis are commonly used to
describe tennis elbow. However the histopathological studies, as
mentioned above, have shown that the condition is not an
inflammatory condition, rather it is a fibroblastic and vascular
response called angiofibroblastic degeneration. It should more
correctly be labelled tendonosis.7,8,13,14 Using the correct nomenclature
may allow us a better understanding of the pathology. With this
knowledge, we may be able to implement better treatment plans.

Summary

• Tennis elbow is NOT an inflammatory condition
• Overload and overuse causes an incomplete healing response
• There is a fibroblastic and abnormal vascular response to injury
• This is termed “angiofibroblastic degeneration”
• It is a tendonosis rather than a tendonitis

Treatment options

The principle of any successful management plan should be to
identify the causative pathological process and aim to correct this. As
we have discussed, the pathology is one of angiofibroblastic
degeneration. Therefore, the aim should be to promote a normal
vascularisation and collagen production to promote healing.7

The treatment options and ensuing results are varied and often
based on the personal experience of the treating clinician, rather than
sound scientific evidence. An attempted meta-analysis in 1992
reviewed the 185 articles published on this subject since 1966.15 Only
18 of the reviewed papers were randomised, controlled trials,
assessing treatment protocols. The authors assessed the papers using
the “Chalmers” quality index method, which evaluates papers for the
design, conduct and analysis of the research. The value is expressed as
a percentage. An arbitrary score of 70% is considered to be the
minimum required for a good quality design for controlled
therapeutic trials. The average score for the 18 controlled trials was
33%, with a range of 6% to 73%. Only one paper reached the required
70% level. They concluded that there was insufficient scientific
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evidence to support any single current method of treatment. This
paper highlights that although many authors publish good results for
treatment protocols, the pure scientific evidence is poor. A better
understanding and classification of the pathology may help future
treatment protocols.

Over 90% of patients are said to respond to conservative
treatments, such as avoiding overuse, wearing braces, strengthening
excercises, and steroid injections.1,3,7,9,13,14,16,17,18 In carefully selected
groups, over 90% of those who require surgery do well.1,13 With these
levels of response, it is not surprising that many clinicians insist on a
prolonged period of active conservative treatment.3,7,17 It is important
that the symptoms of pain and maintenance of function are achieved,
but equally that the clinician identifies the pathology and administers
an appropriate treatment protocol. We will describe some of the
various treatment options that are available and discuss the scientific
evidence published to support their use. We will then discuss an
evidence-based method of treatment.

Physical therapy

Although lateral epicondylosis is more common in non-athletes, it
remains the commonest problem in the United Kingdom in athletes
and is due to overuse or overtraining. In elite athletes, 90% of
instances of lateral epicondylosis occur in athletes using backhand
strokes. This is due to an overloading of the extensor muscles that
extends the wrist on backhand. The cause is multifactorial due to
improper stroke mechanics; weakness of wrist extensors; inflexibility
of wrist musculature; and posterior shoulder weakness.19 Physiotherapy
focusing on strength and flexibility excercises for wrist extensors
and flexors has been shown to be effective in the prevention of tennis
elbow-type symptoms.18 If an athlete can increase the strength of
their wrist extensors, this allows the muscles to absorb a greater
force, hence lessening the force transferred to the elbow. Similarly,
flexibility of these muscles also causes less force to be transmitted to
the elbow; and strong posterior shoulder muscles allows more rapid
movement in the arm and wrist through the hitting zone, decreasing
the tensile load on the elbow. Regardless of the actual cause of initial
trauma, achievement of normal strength and flexibility is a major
component of both the preventive and rehabilitative programme
for lateral epicondylosis in athletes.19 This method of therapy can be
used for non-athletes who have the same pathology, although often
brought on by a different cause.

Manipulation therapy has been offered as a similar method to
physiotherapy. It is, however, not the same. Wadsworth describes
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“manipulation therapy” on patients resistant to more conservative
treatments. His results appear anecdotal and therefore this form of
treatment cannot be recommended, as there is no scientific evidence
to support it.3

Ultrasound

There have been a number of trials comparing ultrasound therapy
with placebo for the treatment of soft tissue lesions including lateral
epicondylosis. Unfortunately many of the trials are of insufficient
scientific standard to support the evidence of ultrasound over placebo
in the treatment lateral epicondylosis.15

Laser therapy

Laser therapy is a widespread but controversial treatment, based on
the theory that laser radiation, at intensities too low to produce
significant heating, produces clinically meaningful improvements in
a variety of soft tissue conditions. The mechanism is only partially
understood and is believed to be due to cellular changes secondary
to heat production.20 Basford et al ran a double masked, placebo
controlled, randomised trial to assess this. Fifty-two patients with
symptomatic lateral epicondylosis were randomised into two groups.
All patients underwent irradiation for 60 seconds at seven points along
the symptomatic forearm, three times a week for four weeks. The only
difference between the two groups was that the probe of a 1·06µ
continuous wave laser emitted 204mW/cm2 for the treated subjects
and was inactive for the control subjects. The patients were assessed
for pain, tenderness to palpation, various grip strengths, medication
usage, and a subjective perception of benefit. There was no significant
difference between the groups in any of the parameters. These results
support other studies, which suggest that this form of treatment has
no proven beneficial effect.15

Oral anti-inflammatory tablets

There are inadequate trials to show the benefit of oral anti-
inflammatory tablets over any other modality of treatment.15 Given
that the pathology is not one of inflammation, rather one of
angiofibroblastic degeneration, this is perhaps not surprising.
However, in many patients there is a beneficial effect after taking such
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medication. Kraushaar proposes two methods to explain this. The first
is that the anti-inflammatory effect will reduce inflammation in any
surrounding tissues, which are indirectly involved. This may make it
easier to rehabilitate the injured muscle-tendon groups and hence aid
therapy. Secondarily, non-steroidal anti-inflammatory drugs increase
protein synthesis by fibroblasts, which may benefit the remodelling
phase of repair.7

Steroid injections

Steroid injections for lateral epicondylosis are a commonly used
form of treatment, especially in general practice. Despite this, the
evidence for its benefit is scarce.7,15,21 There are published data
suggesting both the benefit and non-benefit of methylprednisolone
over local anaesthetic injections. In many of the papers, which show
benefit, this is only short term and symptoms return in around six
months.15 Hay published a randomised controlled trial of
corticosteroid injections versus naproxen versus placebo tablets in a
general practice setting. 164 patients were randomly allocated to
each of the three groups. At four weeks, there was a significant
improvement in the injection group compared to the naproxen and
placebo group. However at one year, all the three groups had
responded well and there was no significant difference between them.
Local injections of steroid may give a short-term benefit, but have
little long-term benefit and the recurrence rate is high.2,15,17,21 Steroids
have well documented side effects and should not be used without
due care and attention. It has been proposed that the benefit that
some patients gain from steroid injections is due to direct damage
from the needle itself, which causes an inflammatory response to be
mounted which aids muscle and tendon healing.7

Surgical options

There have been numerous publications on the surgical treatment
of lateral epicondylosis. Many of these are historical, many
retrospective, many poorly designed, many with inadequate patient
numbers, and many with combinations and permutations of all of
this. However, many report good results although this may be due to
other factors than the operation itself. The surgical options fall into
two broad groups. The first is a tenotomy of a varying degree; the
second is an attempt to excise the pathological tissue causing the
symptoms.
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Bosworth published a classical paper in 1965, describing his
method of surgical treatment.22 The surgical technique varied in his
62 patients but was based on the division of the common extensor
origin (with or without repair) and resection of the orbicular (annular)
ligament. His results were reviewed retrospectively. The results
suggested that patients improved more quickly if the orbicular
ligament was resected and the common extensor origin not repaired.

Grundberg and Dobson16 surgically treated 32 of 323 patients with
lateral epicondylosis. All the patients had failed non-operative
treatment of various types including cortisone injections, oral anti-
inflammatory drugs, splinting, physical therapy, and activity
modification. They described a percutaneous release of the common
extensor origin through a one centimetre incision just distal to the
lateral epicondyle. This resulted in a one centimetre displacement of
the common extensor origin from the lateral epicondyle and this
could be palpated through the skin. An immediate post-operative
therapy regime was undertaken. The patients were reviewed after an
average of 26 months. Twenty-six elbows were rated as excellent and
three rated as good; the pain was relieved in an average of nine weeks.
Three elbows were rated as poor. 

Verhaar et al described a technique of lateral extensor release.23 The
tissues over the lateral epicondyle were infiltrated with lidocaine and
epinephrine. A five centimetre curved incision extending from one
centimetre proximal to the lateral epicondyle distally was made
directly over the lateral epicondyle. The extensor origin was exposed,
divided transversely close to its attachment on the epicondyle, and
allowed to retract distally. The authors could monitor the
completeness of the release by asking the patients to dorsiflex the
wrist. The release was continued until the synovial membrane of
the radio-humeral joint was visible. The synovial membrane was
breached to assess the joint and remove any intra-articular lesion.
Only the subcutaneous tissues and the skin were sutured. Early,
non-stressful movements were encouraged for six weeks, at which
time physical therapy was introduced. Fifty-seven patients were
followed, prospectively, for a mean of 59 months. Initially, 62 patients
were assessed at one year, with 47 of these having none or slight
pain. Fifty-seven were re-examined at five years and 52 of these had
none or slight pain. Thirty-two of these were described as excellent
and 19 as good. 

Goldberg et al described a technique also undertaken with local
anaesthetic.4 After a five centimetre incision was made over the lateral
epicondyle and extended distally, they identified the extensor carpi
radialis longus muscle. Care was taken not to release this muscle;
rather the common extensor tendon of extensor carpi radialis brevis,
extensor digitorum communis and extensor digiti minimi was
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released. The muscle mass was allowed to slide for around one
centimetre. Any pathological tissue found at the site of the release was
excised. A two millimetre thick fragment of lateral epicondyle was
removed at the same time. Active elbow motion was encouraged from
the first day. The results were evaluated retrospectively. Twenty-five of
34 patients had complete pain relief at an average of four years. A
further eight had minimal symptoms. All bar one patient returned to
their regular jobs at an average of five weeks post-operatively.
However, this paper is retrospective and the results must be viewed
accordingly.

Coonrad and Hooper’s paper in 1973, retrospectively reviewed
1000 patients with a diagnosis of “tennis elbow”. 317 were adequately
followed up between one year and nine years. 278 of the 339 were
treated successfully with conservative methods, leaving 39 requiring
surgery. Their procedure was done under local anaesthetic as they felt
they could localise the area of tenderness better. They dissected down
to the tendomuscular area and where there was a gross tear of scar
tissue replacement, a ‘V’ excision of the degenerative or torn area was
carried out. The remaining parts of the tendons were sutured. The
results are reported as satisfactory in all 39 patients; they all returned
to their pre-operative occupations and activities in a recovery period
of three months to a year.9

Nirschl and Pettrone13 described a surgical technique aimed to
specifically treat the angiofibroblastic hyperplasia. They described
incising the origin of the extensor carpi radialis brevis tendon from
the anterior edge of the lateral epicondyle to reveal the pathological
tissue. In contradistinction to Greenbaum’s paper,11 they stated that it
is the brevis that is involved rather than any aspect of the extensor
digitorum communis aponeurosis. All fibrous and granulation tissue
was excised and removed. They removed any granulation tissue
present on the anterior edge of the extensor digitorum communis
aponeurosis or on the extensor carpi radialis longus. A small area of
the exposed lateral condyle was decorticated to improve blood supply.
The extensor carpi radialis brevis origin was not repaired as it did not
retract, hence the only repair was to the interface between the
extensor carpi radialis longus and the anterior edge of the extensor
aponeurosis. In this series, 1 213 patients were diagnosed with lateral
epicondylosis, with 82 not responding to conservative treatment.
These 82 patients, including five who had previously had a Bosworth
procedure that had failed, underwent the described surgical
technique. An excellent result was defined as a full return to all
activity with no pain and a good result as a full return to all activity
with occasional mild pain. A fair result was defined as normal activity
with no pain or significant pain with heavy activity. Using this
system, 66 were rated as excellent, nine as good, 11 as fair and two as
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failures. 97·7% improved over all, with 85·2% returning to full
activity including rigorous sports.

Summary 

• Oral anti-inflammatory medications
• Physical therapy
• Soft tissue manipulation therapy (ultrasound and laser therapy)
• Steroid injections
• Surgery

An evidence-based treatment protocol

We have described a number of treatment options. They are a
mixture of anecdotal, retrospective and prospective papers. However,
the clinician requires a protocol to follow in this group of patients to
aid their treatment. Hence, we propose a treatment regimen based on
the available scientific evidence.

Initial pain symptoms

The initial presenting complaint is usually pain, with loss of
function as the secondary effect. The standard treatment would be
one of rest, ice, splinting, and analgesia. This allows the tissues to
settle down after the initial insult. As the pathology is one of
angiofibroblastic degeneration, non-steroidal anti-inflammatory
medication should have little effect. However, some patients do
receive some benefit. This is perhaps due to the reduction of
inflammation in surrounding tissues and perhaps due to the non-
steroidal anti-inflammatory drugs1 affect on increasing protein
synthesis by fibroblasts, which may benefit the remodelling phase of
repair. Cortisone injections have no proven effect on healing and
should be avoided unless absolutely necessary.7

Muscle excercises

After the initial pain has been controlled, the patient requires an
active rehabilitation programme to align collagen fibres and improve
tensile strength. The initial pathology was caused by repetitive, cyclically
applied, cumulative type of force.8 Hence the patient should avoid this
and concentrate on controlled excercises of low velocity with gradual
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application of increasing resistance, under the supervision of a
physiotherapist with an understanding of the pathology.7,18,19

Surgery

The vast majority of compliant patients respond to the non-
operative forms of treatment. This, however, leaves a small group of
patients who require surgical intervention. The scientific evidence
lends support to operations, which identify and remove the
pathological tissue that represents the angiofibroblastic degeneration.
This allows the healing process to be re-initiated, and gives better
results. Hence Verhaar, Goldberg, Coonrad and Nirschl, all describe
techniques which are based on the histopathology, and have good
results. Less interventional techniques do not address the
histopathology, and may work on purely exciting an inflammatory
response.4,7,8,13,23

Summary: An evidence-based treatment protocol

• Initial control of pain and surrounding inflammatory tissues (rest, ice,
splinting, and analgesia)

• A specifically aimed physical therapy programme
• Surgery for the small group not responding to conservative measures

specifically aimed to excise the pathological tissue of angiofibroblastic
degeneration

Conclusions

Tennis elbow or lateral epicondylosis is not necessarily a pathology
of tennis players or indeed an inflammatory pathology. The
pathology is one of angiofibroblastic degeneration and hence the
term lateral epicondylosis is a more correct one. The term tennis
elbow is also inaccurate, probably antiquated and really should not
be used; though it will probably remain in medical parlance for
some time.

The vast majority of patients improve with non-operative therapy, as
long as this is tailored to the underlying pathology. Initially, simple
measures to relieve pain and reduce inflammation in surrounding
tissues are required. A specifically aimed physical therapy rehabilitation
programme may be useful for those who do not settle. Over 90% of
patients will respond to these measures. Some patients do require
surgery, and the procedures that give the best results are the ones that
identify and excise the area of angiofibroblastic degeneration.
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It must be remembered that the majority of studies are weak on pure
scientific evidence, and hence one cannot fully recommend any one
technique over any other.15 Ideally, a true randomised, prospective
controlled trial with a large patient number is required to fully answer
the difficult question of treatment of lateral epicondylosis.

Case studies

Case study 18.1

A forty-year-old right handed gentleman presents to the clinic with a twelve
month history of pain in his right elbow. He works as a construction worker,
describing his work as “strenuous manual labour”. His job had changed about
18 months previously to one involving more upper limb work. More recently he
had become unable to do the gardening at the weekend due to elbow pain,
prompting his referral.

He had localised pain on the lateral side of the elbow and was maximum
over the extensor origin. He had slightly reduced elbow extension. Resisted
extension of the wrist was painful in the lateral elbow region. He described this
as severe. Radiographs of the elbow were normal when taken in clinic. 

He was treated with simple measures of rest, splinting and analgesics.
Once his acute symptoms had settled, he underwent a specific physiotherapy
programme aimed at improving the tensile strength of the muscle. He made a
full improvement after a couple of months. He returned to this job. 

Sample examination questions

Multiple choice questions (answers on p 562)

1 With regard to the anatomy of the elbow

A The anatomical site for the pathology of lateral epicondylosis is
extensor carpi radialis longus.

B Extensor carpi radialis brevis originates from the common
extensor origin, lying behind and deep to the extensor carpi
radialis longus.

C Cadaveric studies have questioned the anatomical separation
of extensor carpi radialis brevis and extensor communis.

D Extensor communis consists of extensor carpi radialis brevis,
extensor digiti, extensor digiti minimi, and extensor carpi
ulnaris.

E Extensor carpi radialis longus is supplied by the median nerve.
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2 With regard to the histopathology of tennis elbow

A Histological specimens taken from lateral epicondylosis do not
contain inflammatory cells such as macrophages or
lymphocytes, in the majority of cases.

B Degenerative changes are common in older age groups, but not
associated with spontaneous ruptures of tendons.

C Nirschl has classified repetitive microtrauma into four groups.
D Angiofibroblastic degeneration is a term describing the pattern

of fibroblasts, vascular hyperplasia and disorganised collagen
seen in specimens of tennis elbow.

E Tendonitis is a more correct term than tendonosis.

3 With regard to the treatment of tennis elbow

A Ultrasound is one of the few treatment protocols with proven
scientific evidence of its worth.

B Non-steroidal anti-inflammatory medications may work by
reducing inflammation in surrounding, but not involved,
tissues.

C Surgery aimed specifically at excising the pathological tissue of
angiofibroblastic degeneration has better results in general.

D Physiotherapy is of little benefit.
E Steroid injections generally have a short-term benefit.

1 Write short notes on the anatomy of the lateral aspect of the
elbow, with regard to the pathology of tennis elbow.

2 What treatment does one offer to a young racket sports athlete
with lateral elbow pain, especially symptomatic during backhand
strokes?

3 What is the evidence for tennis elbow not being an inflammatory
process as suggested by the name “lateral epicondylitis”?
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studies study grade A

* A1: evidence from large RCTs or systematic review (including meta-analysis)
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A4: evidence from at least one RCT
B: evidence from at least one high quality study of non-randomised cohorts
C: expert opinion
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Section 5
Injuries to the groin,
hip or knee





19: How reliable is the physical
examination in the diagnosis of
sports related knee injuries?
WILLIAM R DONALDSON, MILAN DIGUILIO,
JOHN C RICHMOND

Introduction

The clinical diagnosis of knee injury continues to be a topic for active
study and debate. As a large, complex joint without inherent bony
stability, the knee must rely on the soft tissues to provide structural
stability. Capsule, ligaments and menisci are subjected to large forces
delivered by the long lever arms of the lower extremity. The high
frequency of knee injuries is, therefore, not surprising. The exact
incidence of knee injuries varies with gender and from one sport to
another. The frequency is considered to be in the range of 15 to 30%
of athletic injuries. In this setting the sports medicine physician is
frequently called upon to diagnose and treat knee injuries.

Accurate diagnosis is the cornerstone of an appropriate treatment
plan. Newer diagnostic techniques including magnetic resonance
imaging (MRI), kinematic MRI, and MRI/arthrograms can be helpful
but involve delay in diagnosis and increased cost. With increasing
pressures for cost containment and “throughput” physicians are
being asked to examine closely the direct patient benefit, relative to
cost, of all diagnostic and therapeutic measures. In this light, it is
appropriate to look critically at the various elements of the physical
examination for evidence of sensitivity and accuracy. In this way, we
may better appreciate what is the statistical likelihood of a given
diagnosis and when to proceed with MRI, examination under
anaesthesia, or arthroscopic evaluation. Much of surgical education is
based on tradition and emulation. A better understanding of the
extent to which components of our physical examination are based
on scientific evidence can only lead to more accurate diagnosis and
better patient care.

Method

This review is based on internet searches of the various journals
which are familiar to the physician interested in sports medicine. These
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included Arthroscopy, the Journal of Arthroscopic and Related Surgery,
American Journal of Sports Medicine, Journal of Bone and Joint Surgery
(American and British editions), Journal of the American Academy of
Orthopaedic Surgeons, Journal of Orthopaedic and Sports Physical Therapy,
Journal of Orthopaedic Trauma, Knee Surgery Sports Traumatology and
Arthroscopy, and Annals of the Royal College of Surgeons. In addition,
Medline searches were conducted by Grateful Med (now being phased
out), OVID and PubMed search engines. The Medical Subject Headings
(MeSH) are noted in the summary box below. A variety of widely
available texts were used for background information and references.

In general, the accuracy of clinical examination and MRI has been
established by comparison to findings at arthroscopy. By not
including patients who were treated non-operatively or who were not
diagnosed as having the index, finding both true negatives and false
negatives will be under-represented in the calculation of sensitivity,
specificity, and accuracy. To the extent that this is true the results of
studies using arthroscopic findings to assess the accuracy of the pre-
operative examination must be viewed with caution. Unfortunately,
this is likely to remain a constant feature of most clinical studies
where only selected patients are brought to surgery and no control
population is available for comparison.

As the standard for comparison, it is assumed that arthroscopy is
100% accurate. To the extent that lesions are missed or over
diagnosed, further error may be introduced.

Summary: MeSH terms

• Knee Joint
• Knee injuries/diagnostic
• Physical examination
• Ligaments, articular
• Menisci, tibial/injuries
• Arthroscopy
• Magnetic resonance imaging
• Sports medicine
• Diagnosis, differential
• Sensitivity and specificity
• Joint instability
• Patella

Physical examination

As in all cases, the physician must form a composite picture drawn
from the history, including if possible the mechanics of injury, a
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complete physical examination, and diagnostic tests as indicated. The
age, sex, and sport of the individual will direct the examiner to the
area of knee involvement. If a contact injury, the patient may be able
to describe the direction of forces involved in relation to a planted
foot. In non-contact injuries, the patient may associate the event with
a deceleration or cutting manoeuver. The association of a “pop”,
immediate swelling and the ability to bear weight may also help focus
the examination.

General

The physical examination should start with general observations,
proceeding to an examination of the contralateral, uninjured knee
and lastly to the injured extremity. General observations of height,
weight and physical fitness should be made. In stance, note should be
made of pelvic obliquity, suggesting a limb length discrepancy, and
lower extremity alignment in both the coronal and sagittal planes.
The patient should be observed in gait, noting the need for walking
aids, antalgic component (Hughston found 76% of patients with
Grade III tears of the MCL could bear weight unsupported),1 or a
thrust in mid-stance phase.

Examination of the knee should begin with inspection for the
presence of effusion, ecchymosis, or localised tenderness. Hughston
et al found that point tenderness will localise the site of injury 76%
of the time.1 The presence of a haemarthrosis, suggested by history of
immediate swelling, has a high association with ACL tears, meniscal
tears, subchondral fractures, or patellar dislocations. Gently supporting
the extremities by the heel, allowing free external rotation, may
demonstrate differences in alignment, extension, or the presence of
external rotation recurvatum. Active and passive range of motion
should be gently assessed and compared to the contralateral side.

Patellofemoral

Assessment of the extensor mechanism should include observations
of the lower limb alignment, including the femoraltibial angle
(anatomic axis) and the quadriceps (Q) angle. The Q angle is defined
by the intersection of a line from the tibial tubercle to the centre of
the patella, and a line from the centre of the patella to the anterior
superior iliac spine. Assessment of quadriceps status is implied by
noting visual atrophy, palpating the muscle during a quadriceps set
and measurements of thigh circumference. Medial and lateral
retinaculums are palpated for evidence of local tenderness. Lateral
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retinacular tightness can be assessed by the medial/lateral glide
(Sage) test. This is described as the number of quadrants the patella
can be displaced medially from its resting position with the knee in
20 degrees of flexion. One quadrant is said to indicate tightness and
three quadrants to indicate laxity. The tilt test is another measure of
lateral retinacular tightness and is defined as the ability to elevate the
lateral border of the patella to neutral or slightly beyond with the
knee in extension.

Further assessment of the patellofemoral joint includes observations
of tracking, the apprehension test and the medial subluxation test.
Pain and crepitus with patellofemoral compression, as well as crepitus
with knee extension against gravity may indicate patellofemoral
arthrosis, although both are very non-specific. The inhibition test,
performed by resisting proximal glide of the patella with quadriceps
contraction in extension, should be performed extremely carefully
since a vigorous reflex quadriceps contraction can be extremely
painful, and actually result in tears of the quadriceps tendon. During
this part of the examination, the presence of an effusion should be
noted and graded.

Meniscus

Examination of the tibial femoral joint should note the presence of
tenderness over ligamentous insertions, bony prominences, or
along the joint line. Popliteal space should be palpated, noting the
presence of tenderness, fullness or a discrete mass. The myriad of
tests for meniscal injury suggests that no single test can be relied
upon to define meniscal pathology. Most include a combination of
palpation over the joint line at rest, and with motion, rotation, or a
combination of the two. McMurray’s test is performed by moving the
knee from flexion to extension with applied rotation of the tibia.
With external rotation medial pain and palpable “click” or “clunk”
are said to be positive for a medial meniscal tear. Applied internal
rotation is said to be provocative for a lateral meniscal tear. If findings
occur near full flexion, the tear is considered to be more posterior.
Pain with passive hyperflexion loads the posterior horns of the
menisci and may cause pain. A similar mechanism applies to duck
walking which is thought to be most specific for tears of the posterior
horn of the medial meniscus. Varus or valgus stress applied within
30 degrees of flexion may be associated with painful extrusion of a
torn meniscus and increased local tenderness (Bohler’s test).2 The
Apley grind test is performed with the patient prone and the knee in
90 degrees of flexion. If rotation with axial loading is more painful
than with joint distraction, it is said to be suggestive of a meniscal tear. 

Evidence-based Sports Medicine

374



Ligament examination

The demonstration of abnormal motion (joint subluxation) first
requires an assessment of constitutional laxity defined most commonly
by recurvatum at the elbow, ability to touch the abducted thumb to
the forearm and hyperextension at the MP joints of the fingers.
Constitutional laxity is defined by Orthpadische Arbeitsgruppe Knie
(OAK) criteria as tight, normal, or loose.3 Therefore, the demonstration
of abnormal motion is always based on assessment of the contralateral
intact knee. 

The clinical diagnosis of ligament injury is based on the
demonstration of pathologic knee motion.4 The increased limits of
motion resulting from applied forces should be described in relation to
the three rotational and three translational axes (six degrees of freedom)
of motion. Frequently the abnormal motions take place on more than
one axis (coupled) and may result in both pathologic motion as well
as abnormal joint position (subluxation).5 Noyes et al have developed
the “bumper model” to allow rotary subluxations to be described by
separate subluxations of the medial and lateral tibial plateau.6

Clinical laxity tests must be performed in a consistent manner
to minimise inter and intra observer error. Measures of tibia
displacement are made in relation to the femur. The starting position
is the neutral resting position with joint surfaces in contact.4

Examination of the PCL starts with an observation of the resting
position of the knee in 90 degrees of flexion compared to the
contralateral knee. With an intact PCL the tibia will not sag and
cannot be displaced posteriorly more than the opposite knee. Damage
to the PCL will produce a posterior subluxation which can be
quantified by comparing the relationship of the anterior tibia to the
femoral condyle or by the mm of posterior displacement from the
joint neutral position and graded 1+ for each 5 mm of displacement.
Contraction of the quadriceps with the foot fixed will tend to reduce
the posterior subluxation (quadriceps active test).4

There are a variety of clinical tests to assess the integrity of the ACL
and secondary stabilisers. The Lachman test is performed, with the
femur stabilised, by placing an anterior force on the proximal tibia
without constraining rotation. Both the amount of displacement and
the end point stiffness are graded. The end point should be described
as firm, soft or absent. The displacement can be further quantified by
use of an instrumented laxity testing device, (for example KT2000).
Greater than 3 mm side to side difference is considered pathologic.
Care must be taken to ensure a neutral starting point to avoid
incorrectly interpreting a posterior sag as anterior subluxation due
to ACL injury. The anterior drawer is performed with the knee flexed
90 degrees by applying an anterior force to the proximal tibia.
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The various pivot shift tests demonstrate an increased internal
rotation and anterior subluxation of the lateral tibial plateau as a
result of ACL injury. A number of variations have been described and
include flexion-rotation drawer, pivot shift, the Losee test and the jerk
test. Guarding due to pain, presence of an effusion and hamstring
spasm will limit findings.

The abduction stress test evaluates the MCL and medial capsular
structures. This is performed with restraint of tibial rotation starting
with the joint surfaces in contact. A valgus force, applied to the tibia
in 30 degrees of flexion, tests the MCL alone and in extension the
MCL and posteromedial capsule. Both the amount of displacement
and end point are graded. 

The adduction or varus stress test is performed in similar fashion to
assess the lateral collateral and posterolateral complex.

The Slocum6 test involves performance of an anterior drawer in
both neutral and external rotation. Injury to the posteromedial
capsule, in association with ACL injury, is thought to result in
increased anterior excursion of the tibia in external rotation.

Signs of injury to the posterolateral complex include external
rotation recurvatum, posterolateral drawer, increased external
rotation of the tibia at 30 and 90 degrees of flexion and the reverse
pivot shift. The external rotation recurvatum test is performed by
elevation of the leg in extension lifting by the great toe to allow
external tibial rotation creating apparent varus and hyperextension.
The posterolateral draw demonstrates external rotation of the lateral
tibial plateau in 30 degrees of flexion. Placing the patient prone with
knees together allows accurate assessment of differences in available
external rotation of the tibia at 30 and 90 degrees. The reverse pivot
shift as described by Jakob7 begins with the knee flexed and externally
rotated. As the knee is extended the tibia accelerates from a subluxed
to a reduced position often with a clunk.

Summary: Stress tests

MCL Abduction stress 30° flexion
LCL Adduction stress 30° flexion
ACL Lachman, flexion rotation

Drawer, pivot shift
PCL Posterior drawer, posterior sag
Posteromedial capsule Abduction stress 0°, slocum
Posterolateral complex Adduction stress 30°, external rotation 30°

External rotation recurvatum, reverse pivot shift
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Validation of the physical examination

Patellofemoral joint

Evaluation of the patellofemoral joint requires examination not
only of the extensor mechanism but the entire lower extremity.
Patellofemoral disorders are multifactoral. Mathematic modelling and
instrumented specimens have increased understanding of pathology
in the patellofemoral joint and allowed formation of more rational
treatment programmes. The function of the patellofemoral joint is
affected by bone morphology and soft tissue influences from the
hip to the foot. There is a paucity of objective evidence to allow
quantification and statistical analysis of the individual components
we observe in the physical examination. There does seem to be
agreement that factors which serve to increase patellofemoral joint
reaction force (PFJR), or to decrease surface contact area will result in
cartilage degeneration, arthrosis, and symptomatology.

The Q angle is one measure of the lateral vector acting on the
patella. This is measured in extension with a normal range of seven to
15 degrees. Huberte and Hayes9 tested 12 cadaver knee joints using a
loading fixture to test Q angle and flexion angle for contact pressure.
This was measured on pressure sensitive film and demonstrated a
balanced distribution of pressure on the medial and lateral facets at all
angles of flexion. They studied the affect on distribution and amount
of contact pressure with changes in Q angle. A ten degree increase or
decrease in the Q angle was associated with non-uniform pressure
distribution and increases in peak stress observed. For distal
realignment procedures they advised against overcorrection of an
increased Q angle.

A number of studies have suggested the association of lateral
placement of the tibial tubercle with anterior knee pain. Muneta
using CT scans to determine tibial tubercle position relative to the
intercondylar notch, demonstrated with statistical significance the
association of lateral placement with patellofemoral pain and CT
documented tilt.10 The authors suggest their results support the
concept of tibial tubercle transfer to correct alignment, and may allow
quantification of the amount of medial displacement needed.

In a similar study using CT imaging, Jones et al measured anatomic
relationships in 50 patients with anterior knee pain for tibial tubercle
lateralisation.11 This study confirmed that patients with anterior knee
pain secondary to malalignment demonstrated significantly greater
lateralisation of the tubercle than asymptomatic controls.

Other authors have found that the Q angle does not correlate with
symptoms. In the Current Concepts Review “Clinical Evaluation of
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Patients with Patellofemoral Disorders”, Post concluded “no direct
correlation with the incidences of patellofemoral disorders is well
established by scientific criteria” for Q angle measurements.12

Increased femoral anteversion may affect alignment by displacing
the trochlea groove medially. Lee et al studied human cadaver knees
for patellofemoral contact pressures due to fixed rotational deformity
of the femur.13 They demonstrated increased patellofemoral pressures
in the presence of increased femoral anteversion. Eckhoff et al
compared 20 adult patients with anterior knee pain with 10 controls
using CT scan evaluation to measure anteversion.14 They found
patients with anterior knee pain demonstrated significantly more
anteversion than controls (23 degrees vs. 18 degrees). 

The tilt and sage (glide) tests are methods of assessing tightness of
the medial and lateral retinaculum and patella mobility. Not readily
quantified they provide soft evidence of extensor mechanism
imbalance. Powers in an MRI controlled study demonstrated that
clinical assessment was not an accurate measure of medial lateral
patella displacement.15

Audible and palpable patellofemoral crepitus is common and does
not correlate well with patellofemoral disease. However, Dzioba, in a
four year follow up study of 76 knees following arthroscopy and open
lateral release, found that a positive inhibition test and pain with
patellofemoral compression which reproduced both the character and
location of the patient’s symptoms were a significant predictor of
good results after lateral release.16 Of interest, there was no statistically
significant correlation with increased Q angle or the prerelease degree
of articular cartilage damage.

Although patients with patellofemoral disorders are frequently
found to have tight hamstrings, quadriceps, iliotibial band, or lateral
retinacular, joint hypermobility is also associated with patellar
instability. Al-Rawi et al17 in a prospective study looked at joint
mobility in 115 patients with chondromalacia and compared these to
110 patients without chondromalacia. He found a significantly greater
incidence of hypermobility in the patients with chondromalacia than
the control group.

Meniscal lesions

The accuracy of the clinical diagnosis of meniscal lesion is
frequently compared to the results of MRI. However, the standard by
which both are assessed remains the arthroscopic findings. 

The clinical signs commonly considered to be indicative of a
meniscal tear include joint line tenderness, posterior medial or
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posterior lateral joint line pain on hyperflexion, positive McMurray
test, positive Apley test and the presence of an extension block. 

Fowler,18 et al conducted a prospective study of 161 consecutive
patients to evaluate the predictive value of five common clinical tests
for meniscal tear. All patients had knee pain of at least one year’s
duration, underwent a pre-operative examination including tests for
joint line tenderness, pain on forced flexion, McMurray, Apley and
distraction tests and block to extension. These patients then
underwent arthroscopic evaluation and the findings were compared
to the clinical results. Fowler found, with the ACL intact, that the
joint line tenderness was sensitive for meniscal tear (86%) but not
specific (29%). For pain on forced flexion the sensitivity was 50% but
specificity was 68%. Both a block to extension and a positive
McMurray had a high correlation with meniscal tear with a specificity
of 85% and 95% respectively. As have other authors, he found the
Apley grind and distraction tests to be of little value.

Shelbourne, et al19 evaluated the correlation of joint line tenderness
with meniscal tear in patients with acute ACL tear. He evaluated
173 patients with acute ACL injury for joint line tenderness and
inspected the meniscus during subsequent ACL reconstruction. In
contrast to the above study, Shelbourne found that in the knee with
an ACL tear, joint line tenderness was neither sensitive nor specific for
the presence of an associated meniscal tear.

The McMurray test for meniscal tear is generally believed to have
low sensitivity and high specificity. Pain and click are considered to
be suggestive of meniscal pathology and in the hands of experienced
examiners are correlated with medial meniscal pathology. Evans,
et al20 evaluated 104 consecutive patients for the accuracy of the
McMurray tests for the diagnosis of meniscal tear and also looked at
the interobserver reliability in performing the test. Pre-operative
findings were compared to arthroscopic findings. Evans20 found that
for interobserver reliability only a thud on the medial joint line in
external rotation was significantly associated with a medial meniscal
tear. The sensitivity of medial thud was 16% and the specificity 98%
with a positive prediction value of 83%. Corea et al21 in a similar study
also evaluated the McMurray test with a group of 93 patients. Again
clinical results were compared to findings at surgery. He found a
sensitivity of 59%, specificity of 93%, and a positive prediction value
of 83%. On the basis of low sensitivity they considered the McMurray
test to be of limited value.

A variety of studies have compared the accuracy of clinical
examination and MRI in the diagnosis of meniscal pathology and
sought to establish the role of MRI in the evaluation of the patient
with a knee injury. There is a wide range (58–87%) of accuracy
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reported for clinical diagnosis of meniscal tears. Rose et al22 conducted
a prospective and retrospective study of 100 patients to evaluate the
accuracy of clinical examination and MRI scan for the diagnosis of
meniscal injury. All of these patients underwent physical examination
and MRI prior to arthroscopy. He found clinical examination had an
accuracy of 79% for meniscal lesions compared to 72% accuracy for
MRI. They concluded MRI was not a cost effective diagnostic tool.

Munk, et al23 also compared MRI and clinical findings to
arthroscopic findings in a prospective study of 61 knees. In contrast
Munk found the accuracy and positive prediction value of MRI for
meniscal tears to be twice that of clinical examination. Rangger et al24

in a prospective study of 121 patients found that the use of an MRI
for diagnosis of suspected meniscal injury prior to arthroscopy altered
the treatment plan for a significant number of patients. He concluded
that for a diagnosis of meniscal injury, pre-operative MRI is indicated
and will reduce the number of arthroscopic procedures.

Miller et al25 also evaluated the accuracy of MRI and clinical
examination for meniscal lesion in 57 consecutive knees. He found
clinical examination for meniscal lesions (accuracy 81%) to be at least
as accurate as MRI (accuracy 74%) and that MRI did not prevent
unnecessary surgery.

In an interesting cost benefit analysis, Boden et al26 used a
mathematical formula to assess cost effectiveness of the use of knee
MRI for diagnosis in 63 patients with acute knee injuries. They
calculated that “diagnostic arthroscopy is more cost effective than
MRI if 78% of the scanned patients eventually undergo arthroscopy”.
From their group 87% underwent arthroscopy. Therefore, they
concluded the benefit of MRI does not justify the costs.

Ligament and capsule – study technique

The functional stability of the knee depends on both static and
dynamic factors. The musculature which crosses the knee provides
dynamic support. The joint reactive forces and ligaments provide
static stabilisation. In order to be useful the clinical examination
should define abnormal limits of motion in the knee such that injury
to specific structures is defined. Only then can a rational approach to
treatment be developed.

It must first be established that manual testing does correlate both
with anatomic integrity and functional instability. In performing the
physical examination the passive restraint provided by the ligaments
is being tested at much lower than in vivo forces. This and the
qualitative manner of testing may create a significant disparity
between the joint examination and in vivo joint function.27
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The study of the knee biomechanics can be classified into three
broad categories: mathematical modelling, ligament cutting studies
and ligament force measurements.28

Ligament cutting studies can be performed in one of two ways.
First, the displacement resulting from applied load is measured before
and after sectioning the ligament under study. This is analogous to
the clinical laxity examination where the amount of displacement to
an applied load is estimated. Measurement of laxity changes after
sectioning of a ligament gives an indication of changes in joint
stability after injury and therefore is useful in evaluating the
sensitivity of knee laxity tests. Beynnon categorised the above as
flexibility studies.28

The second type of ligament cutting study is described by Beynnon
as the stiffness approach. This method involves measuring changes in
the amount of load required to produce a given amount of
displacement of the joint before and after ligament cutting. According
to Noyes27 this technique allows ligaments to be classified as primary
and secondary stabilisers of the knee and is independent of the order
in which ligaments are sectioned. The primary stabilisers provide
most of the restraint to motion and protect the secondary stabilisers
which will experience greater loads following injury to the primary
stabilisers. This approach gives a better indication of ligament
function than the laxity studies described above. 

The third approach to the study of ligament function includes
anatomic description as well as in situ measurements of both ligament
force and strain. Knee ligaments are most effective at controlling
motion parallel to the orientation of their fibres. Therefore knowledge
of its anatomic attachments will provide an understanding of which
forces it can best resist. Strain gauges applied directly to ligaments
have allowed in vitro assessment of displacement under load as have
placement of markers at ligament ends.

The diagnosis of ligament and capsular defects requires the use of
selected laxity tests for which the primary and secondary ligamentous
restraints have been experimentally determined.

MCL and medial capsule

The diagnosis of superficial medial collateral injury is made by
performing the abduction stress test in 30 degrees of flexion. Evidence
for this comes from ligament cutting studies in cadaver models. Grood
et al,29 in performing force-displacement studies, identified the
superficial medial collateral as the primary restraint to abduction force
and the posterior oblique ligament and cruciates as secondary
stabilisers. They observed only a 5 mm medial opening after sectioning
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of the MCL. This small amount of displacement was considered to be
due to restraint provided by the secondary stabilisers, as well as the
small forces involved during clinical testing. The MCL provided
57% of the medial restraint at five degrees and 78% at 25 degrees of
flexion. The greater restraint at 25 degrees was due to relaxation of the
posterior medial capsule which is a secondary stabiliser in extension.
They calculated the deep capsular ligament and POL accounted for
8% + 18% at 5 degrees and 4% and 4% at 25 degrees. Grood felt the
cruciates were important restraints to abduction only with greater
amounts of pathologic laxity.29 Other investigators with models
allowing more degrees of freedom have concluded the ACL is a more
important stabiliser to abduction.30 They speculated this could explain
the good functional stability after MCL injury with an intact ACL. 

Anterior cruciate ligament 

The anterior cruciate ligament (ACL) is the primary restraint to
anterior translation of the tibia in relation to the femur. Cadaveric
studies have shown that the ACL provides approximately 85% of the
restraint to an anterior shear load at 90 degrees and 87% at 30 degrees
of flexion. After ACL transection the remaining ligamentous structures
provided little restraint to anterior subluxation of the tibia.31

The Lachman test is performed at a more comfortable position for
an acutely injured knee, hamstring spasm has less effect, and the
mechanical restraints of the meniscus, condyle, and plateau are less
prominent due the knee positioning of 0–15 degrees of flexion (as
described by Torg et al,32 although other authors have described the
exam at 30 degrees of flexion (Warren et al).33 However, a displaced
bucket handle meniscal tear may act as a restraint to an anteriorly
directed force in the presence of a ruptured ACL. Critics of the Pivot
Shift test argue that it is technically difficult to perform, that it is
unreliable because it elicits pain in patients, and there is not one
universal technique.

In 1976 Torg et al32 first described the Lachman test. In his study,
250 knee examinations were retrospectively reviewed, of which 136
had ACL ruptures with documented Lachman tests. The Lachman
Test was positive in 96%. However, there was no delineation as to
whether patients were examined under anesthesia or not. 

Donaldson et al33 performed a retrospective study on 100 patients
shown at surgery to have ACL ruptures. The authors found that 99%
of Lachman tests, 70% of Anterior Drawer tests, and 35% of Pivot
Shift tests were positive in preoperative exam without anesthesia.
All patients in this series were examined by the senior author. Of
note, the Lachman test was performed in 30 degrees of flexion, due to
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authors’ beliefs that less knee flexion may result in minimal excursion
and a false end point.

Jonsson et al34 looked at 107 ACL ruptures proven at surgery (45
acute and 62 chronic) and found that the Lachman test was positive
in 87% of acute and 97% of chronic injuries (overall 93%). In
addition, 33% of acute and 95% of chronic injuries (overall 69%)
showed a positive Anterior Drawer Test. It should be noted that acute
and chronic injuries were not defined.

In analysing the literature, it is important to understand inherent
biases and study errors. First, physical examination is operator
dependent and inherently has potential for interobserver inconsistency
due to differences in skill and experience. Second, physical examination
is technique dependent. For example, performing the Lachman test in
0–15 degrees of flexion versus 30 degrees of flexion may yield different
findings. Third, there is an inherent selection bias in all of these study
populations. The statistics provided by these studies only account for
patients who underwent surgery. 

In light of this inherent bias, a study by Oberlander et al35 is worth
discussion. In this study, physical examination of the knee versus
arthroscopy were compared in 296 knees, of which there were 48 total
ACL ruptures. 32 knees had physical examination findings suspicious
for ACL rupture, of which 30 were confirmed at surgery, for a diagnostic
accuracy of 94%. However, there were an additional 18 ACL ruptures
discovered at surgery that were not suspected on examination. These
18 knees were operated on for other reasons and incidentally were
found to have ACL ruptures (although 61% were partial). This results in
a sensitivity and specificity of 63% and 93%, respectively, for physical
examination. Although the authors did not comment on which
examination techniques were used, this is an important study that
acknowledges the inherent bias in the literature regarding how
efficacious we are at diagnosing ACL ruptures by physical exam.

Posterolateral capsule and LCL

The diagnosis of LCL injury is made by performing the adduction
stress test in 25–30 degrees of knee flexion with restraint to eliminate
rotation. According to Grood et al29 axial rotation with valgus and
varus testing can cause the examiner to overestimate joint opening.
In studies analogous to those performed on the medial side Grood
et al29 evaluated the contribution of the lateral ligaments using the
stiffness approach. The LCL was found to provide 55% of the restraint
to varus rotation at five degrees and 69% at 25 degrees of flexion. The
increase in restraint at 25 degrees was thought to be due to the
decreased contribution by the posterolateral capsule. Secondary
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stabilisers to lateral opening include the cruciate ligaments and the
posterolateral capsule.

The PCL is the primary restraint to posterior translation of the tibia
in all degrees of flexion where it provides 94% of the restraining force
to posterior displacement.36 The secondary restraints include the
posterolateral capsule, popliteus complex and the medial collateral.
Sectioning of the PCL alone produced an increase in straight posterior
translation with no change in the rotation or varus and valgus
rotation.37 The maximum displacement was seen at 90. Therefore the
posterior drawer test would be most sensitive at 90 degrees with no
change in varus or external rotation.

Gollehou et al38 studied the contribution of the LCL, posterolateral
complex, and PCL in cadaver ligament cutting studies. They confirmed
that the LCL is the primary restraint to varus rotation in all degrees of
knee flexion with maximum displacement at 30 degrees. However,
increases in varus rotation were small. Additional sectioning of the deep
ligament complex produced an increase in varus rotation (maximum at
30 degrees) as well as an increase in the external rotation (maximum at
30 degrees). If the LCL, posterolateral complex and PCL are sectioned,
further increases in both varus rotation and external rotation are
observed at 60–90 degrees. Thus, isolated injuries to the posterolateral
structures will be most evident at 30 degrees. When seen in combination
with PCL injuries, displacement will be the maximum 60–90 degrees.

In a refinement of earlier studies when the popliteus was sectioned
proximally Veltri et al39 identified the popliteal attachment to the tibia
and the popliteofibular ligaments as individually important structures
contributing to the posterolateral stability of the knee. Sectioning of
the LCL, cruciate ligament, popliteofibular, and popliteal attachment
to the tibia results in an increase in posterior translation, external
rotation, and varus rotation best demonstrated at 30 degrees of flexion.
These findings not only further our understanding of the function of
the ligaments and capsular structures but have implications for
planning reconstructive procedures.

Summary

The physical examination of the knee must be considered in the
context of the patient’s age, history and, if possible, the mechanism
of injury. Studies examining the accuracy of clinical examination after
injury have found that the correct diagnosis is made pre-operatively
from 56% to 83% of the time.40,41 Studies evaluating the cost benefit
ratio of MRI do not support its routine use.

The diagnosis of extensor mechanism disorders is based largely on
history and a composite picture of multiple soft physical findings.

Evidence-based Sports Medicine

384



The constellation of soft tissue, bony, and constitutional influences
on the function of the patella creates a broad spectrum of pathology.
There is, therefore, a paucity of objective evidence in the literature to
allow statistical analysis of physical findings. There does seem to be a
consensus that factors which produced increased patellofemoral joint
reactive force are associated with symptomatology. There is evidence
that lateralisation of the tibial tubercle has an association with
symptoms, but possibly not only as it affects the Q angle.

The myriad of tests described to evaluate meniscal disease suggests
that none are consistently reliable. The lack of sensitivity and/or
specificity of each finding individually suggests reliance should be
placed more on pooled findings in the context of a suggestive history.

Attempts to improve the diagnostic accuracy of the physical
examination have become focused on the study of the ligaments and
capsule. In the past, function of the ligaments has been studied by
comparing the pre-operative examination with operative findings. This
approach suffers from two limitations. First, surgical dissection may not
expose the full extent of the injury. Second, since not all patients with
ligament injuries come to surgery, the sampling of injuries explored
may be skewed. More recently in vivo implantation of strain gauges has
provided useful information but is limited in its application.

Therefore further understanding of ligament function is likely to
continue to be based on cadaver ligament cutting studies which have
shed light on the function of individual ligaments and allowed
quantification of their contribution to knee stability. These studies
have also led to the formulation of standardised limits of motion tests
which if performed as described will allow reproducible description
and quantification of ligament injury with less interobserver error.

However, Daniel42 reported a study conducted by the International
Knee Documentation Committee where 11 experienced knee surgeons,
using the OAK protocol,3 examined the same 10 patients. Daniel found
“there was significant discrepancy in the clinicians’ estimations of joint
displacement” with “much room for improvement”.

Case studies

Case study 19.1

A 17-year-old female football player presents with a two month history of anterior
knee pain, aggravated by sport. She recalls no specific trauma. Her physical
examination demonstrates normal ligamentous laxity for cruciates and
collaterals. She has no joint line tenderness. Attention should be focused to her
quadriceps mechanism, specifically her Q angle, which measures 18 degrees,
patella tilt, which is limited, and crepitation with extension against gravity,
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which is absent. She likely has lateral patella compression syndrome, requires
only routine radiographs to assess patella alignment and rule out
osteochondritis dissecans, and should be treated with physiotherapy and
possibly a patella support.

Case study 19.2

A 45-year-old recreational tennis player developed painful swelling of his knee
following weekend gardening six weeks ago. He recalls no trauma. He is aware
of clicking and pain medially. Physical examination reveals an effusion,
tenderness along the medial joint line, a negative Apley grind test, and pain
and a clunk with McMurray’s testing.

Routine radiographs, including weight bearing views should be reviewed to
assess the possibility of degenerative joint disease. MRI testing is not
warranted, due to the high probability of a meniscal tear and the need for
arthroscopic surgery to resect the damaged meniscus.

Sample examination questions

Multiple choice questions (answers on p 562)

1 What condition is most likely to be associated with lateral placement of
the tibial tubercle?

A ACL laxity
B Torn medial meniscus
C Patellofemoral pain
D Quadriceps weakness
E Collateral ligament laxity

2 What is the value of the Apley grind test?

A Little value, due to low sensitivity and specificity
B Very accurate in the diagnosis of ACL tars
C Differentiates cartilage from ligament injuries
D Highly sensitive and specific for meniscal tear
E Correlates well with MRI findings

3 Which ligament is the primary restraint to posterior translation of
the tibia?

A ACL
B MCL
C LCL
D POL
E PCL
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20: How do you treat chronic
groin pain?
PETER A FRICKER

Introduction

Groin pain presents a problem for both the patient and therapist.
Experience shows that diagnoses abound (see Box 20.1) and that
symptomatology becomes ever more varied and confusing. With
increased participation in sport (in terms of duration, frequency and
intensity of activity – as much as by females and males in number)
groin pain is a common problem and it is important for the
practitioner to have a reasonable approach to clinical management of
the presenting condition.

Box 20.1 Common causes of groin pain in athletes

Osteitis pubis
Incipient direct inguinal hernia (sportsman’s hernia, conjoint tendon lesion)
Adductor muscle strain
Adductor tendinopathy
Stress fracture inferior pubic ramus
Osteomyelitis of pubic ramus or symphysis
Iliopsoas muscle strain and/or bursitis
Iliohypogastric neuropathy
Obturator neuropathy
Rectus femoris strain
Perthes’ disease, avascular necrosis femoral head
Slipped femoral capital epiphysis
Stress fracture neck of femur
Synovitis, osteoarthritis of hip joint
Iliolumbar ligament lesion
Sacroiliac ligament lesion
Spine pathology
(radicular neuropathy, L1–L2 disc pathology, L4–L5 zygapophysial joint pathology)
Pelvic and lower urinary tract disorders

Necessarily, evidence-based practice is the cornerstone of good
management and this chapter attempts to underpin clinical
recommendations with sound research.



We are fortunate that recent improvements in imaging and
information processing (and communication) have helped to untangle
the knot of musculoskeletal and neurological complaints that affect
the groin in athletes. Much of the literature cited in this chapter relies
upon the association between symptoms and signs and findings in
diagnostic imaging, with a diagnosis confirmed by surgery in many
cases, or with resolution of the clinical problem after some therapeutic
intervention. This is as good as it gets and, although patchy, clinical
research is making our understanding of groin pain easier.

Groin pain in the athlete refers to the discomfort noted around the
area of the lower abdomen anteriorly, the inguinal regions, the area of
the adductors and perineum and, by extension, the upper anterior
thigh and hip.

This chapter outlines the approach taken by the author to the
management of groin pain in athletes and considers the patterns of
pain, biomechanical factors, anatomical structures, and diagnostic
tests (clinical and technical) that are all relevant. The broad scope of
diagnoses are discussed and management plans outlined. It should
be recognised that while there is an emphasis on evidence-based
management, much of our practice is still empirical and it begs all of
us to pursue an understanding of groin pain through thoughtful
scientific endeavour.

Method

This chapter is an expanded and updated version of a review
published in 1997.1 A literature search using Medline and SPORTDiscus
databases over the interval 1990–97 (February) had been employed
for this review, and for this chapter a literature search using “National
Sports Information Centre Easy Search” (Australian Sports Commission)
specifying the period 1982–2000 (December) was undertaken.
Literature in English was specified and combinations of key words
used for both the initial review and this chapter include groin pain,
athletes, osteitis pubis, conjoint tendon, hernia, adductor, stress
fracture, footballers, injury, and imaging. The author’s own collection
of papers and personal correspondence has been used. Many of these
had been collected for another previous publication.2

References have been selected on each paper’s individual
contribution to understanding the nature, pathomechanics, and
management of chronic groin pain in athletes. Outcomes of
management protocols were especially considered. Anecdotal reports
were taken into account but preference remained for larger, well
designed studies.
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Diagnosis

A thorough understanding of regional anatomy, its relevant
functions and associated patterns of pain is essential. The reader is
referred to an excellent review of this subject by O’Brien and
Delaney.3 Knowledge of the symphysis pubis, the inguinal canal, the
hip joint and the musculature about the anterior pelvis is
fundamental.

An understanding of normal mechanics and pathomechanics of the
pelvis and sacrum is also desirable, because many of the injuries
described in this chapter are associated with (if not resultant from)
abnormal forces applied around the pelvis. Understanding the
behaviour of the pelvis in this context sets the template for
appropriate treatment, especially where rehabilitation is concerned.
Prather4 has provided a thoughtful and thorough review of pelvis and
sacral dysfunction in sports and exercise, and this is also commended
to the reader.

Finally, understanding particular aspects of technique peculiar to
individual sports lays the groundwork for appropriate diagnosis and
management. Familiarity with the range of sports or activities seen in
sports medicine clinics is a sine qua non for the well prepared
practitioner.

Groin pain may originate from muscles, tendons, bursae, fascial
structures, nerves, and joints. It may present acutely or otherwise, and
may arise from more than one source.5 It may herald a localised injury
in the groin, a disease process, or be referred in nature.

The pattern of pain is important. Pain that emanates from the area
of the pubic symphysis into the area of the lower rectus abdominis,
the upper adductors of the thigh, and the scrotum, is probably from
the symphysis and suggests osteitis pubis.2 The pain may be unilateral
or bilateral, may involve one or more sites from time to time, and may
present acutely or, more often, subacutely or by gradual onset.2 It
typically presents during or after kicking and running, and is seen
most often in footballers (soccer and Australian football players)
where limitation of rotation of the hip is thought to be a contributing
factor.6

A symptom described for osteitis pubis but not commonly seen is
that of a painful clicking at the symphysis on certain movements
(such as rolling over in bed).7 It may reflect instability of the
symphysis, which is often seen on x-ray (the “flamingo view”,
discussed below).

Local tenderness of the symphysis and loss of rotation (particularly
internal) of the hips are the hallmark clinical signs of osteitis pubis,
and a technetium 99m (99mTc) bone scan typically shows increased
isotope uptake on the delayed views of one or both margins of the
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symphysis. Plain radiography of the symphysis reveals characteristic
changes of widening of the cleft, and erosive changes of either or both
symphyseal margins.8 Changes affect the lower end of the joint
initially. The “flamingo view” is so called because the patient stands
first on one leg and then on the other during radiography to ascertain
any shift across the symphysis. Movement across the joint of greater
than 2 mm is significant9 and heralds pubic instability. This is not an
inevitable sequel to osteitis pubis and may be asymptomatic.

Imaging of the symphysis with magnetic resonance imaging (MRI)
has been given some attention recently. MRI with gadolinium
enhancement of athletes with pubic pain revealed lesions of the pubis
(characterised by low signal on T1 weighted images, high signal on T2
weighted images, and enhancement of pubic symphysis cartilage) in
those deemed to be affected by chronic microtraumatic osteitis
pubis.10 Another study has reported a good correlation between
parasymphyseal bone marrow oedema and chronic groin pain, and
suggests that the bone may be the source of pain in pubalgia (osteitis
pubis).11 MRI of the symphysis in cases of peripartum rupture has also
been described.12 Changes include effusions and haemorrhage within
the secondary clefts of symphyseal cartilage and ligaments, with
preservation of the surrounding ligaments of the joint. As there may
be a subgroup of athletes with osteitis pubis who have a pre-existing
obstetric or gynaecological history2, similar changes may be seen in
the athletic context; particularly if the condition has presented
acutely. This is an interesting area for further research.

A problem seen often in footballers, and in association with osteitis
pubis, is the incipient direct inguinal hernia (otherwise known as
sportsman’s hernia or conjoint tendon lesion).2 Pain from the hernia
of the posterior wall of the inguinal canal at its medial end is typically
local, but may radiate to the area of the lower rectus abdominis and
perhaps to the ventral surface of the scrotum and proximal ventro-
medial surface of the thigh.13

There is local pain and tenderness, which is emphasised if the
patient half sits up while local pressure is maintained over the area of
the medial end of the inguinal canal. There may also be a palpable
small direct inguinal hernia at the site.14 It must be remembered that
such hernias may be bilateral.

Investigation is difficult, but promising work has been carried out
with ultrasonography which can demonstrate the defect in the medial
posterior inguinal wall under real time (dynamic) imaging in young
(male) athletes with no clinical sign of hernia.15 Herniography by
peritoneal imaging has also proven useful,16 but this technique is not
without morbidity and it is technically demanding.17 When
performed it can demonstrate filling defects in the posterior inguinal
wall and can confirm that hernia repair in an athlete is warranted.
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Adductor strain is relatively easy to diagnose. The patient usually
provides a clear history of pain at the site of the lesion (usually
adductor longus) associated with activities involving rapid adduction
of the thigh – for example, kicking across the body – which may
present acutely or by gradual onset, and which tends not to radiate
much beyond the area of injury.18 Importantly, the clinician must
decide whether the injury affects the tenoperiosteal attachment of the
upper adductor or involves the musculotendinous junction or muscle
belly proper. This distinction is necessary because management varies.
Local tenderness and pain on resisted adduction confirm the
diagnosis. Ultrasound imaging can be useful in delineating the lesion,
as can MRI,19 but these are not usually necessary.

Other causes of groin pain include stress fracture of the (usually
inferior) pubic ramus20 and osteomyelitis of the anterior bony pelvis.21

Stress fractures typically present as gradually evolving pain and
tenderness at the site of the fracture. Most often the inferior ramus is
involved and the condition is seen in female marathon runners in
particular.20 As with all stress fractures, the cause is repetitive physical
activity and the onset is related to periods of heavy training or
competition.

There is local tenderness on examination (which may be nauseating
in intensity), and often the patient may complain of pain when
standing on one leg (on the ipsilateral side of the lesion).20 Running
and jumping may, of course, be difficult. 99mTc bone scan confirms the
diagnosis readily in most cases, whereas plain radiography may be
unhelpful.

Osteomyelitis is reportedly a rare condition in healthy athletes,21

but it demands prompt recognition and management. Osteomyelitis
of the symphysis is manifest by severe bony pain, local tenderness,
and the development of systemic symptoms such as fever, malaise,
and lassitude. Pain may radiate across the symphysis and mimic the
bilateral pain of osteitis pubis. Weight bearing becomes difficult.
Diagnosis is confirmed by finding positive blood cultures of
staphylococcus aureus in particular or a culture of pathogenic
organisms obtained by needle aspiration or open biopsy. In the early
stages the patient may be active, and erythrocyte sedimentation rate,
bone scan, and radiography may be unhelpful.21

Bacterial osteitis pubis has also been described.22 The clinical
presentation is similar to that of osteomyelitis, with systemic
symptoms, and signs of tenderness and irritability of the symphysis.
Radiography may be normal, but blood tests positive for staphylococcus
aureus are reported.

Of recent interest has been neurogenic groin pain. Lovell5 discusses
the clinical presentation of ilioinguinal neuralgia in a series of
athletes with groin pain, and noted that the diagnosis is made on
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finding pain in the area over the iliac fossa, tenderness at the point in
the anterior abdominal wall where the ilioinguinal nerve passes
through the musculature (near the anterior superior iliac spine),
and that injection of 2–5 ml of local anaesthetic at this site relieves
the pain.

Similarly, entrapment of the iliohypogastric nerve by the external
oblique aponeurosis may cause groin pain.23 In this context,
tenderness may be noted just superior to the deep inguinal ring and
groin pain may be exacerbated by kicking, rolling over in bed,
coughing, and sneezing.

Obturator nerve entrapment has also been described as a cause of
groin pain in athletes.24 This diagnosis relies on noting exercise
induced medial thigh pain over the area of the adductors, particularly
after kicking and twisting. There may also be adductor muscle
weakness and/or paraesthesia of the medial thigh after exercise.
Electromyography demonstrates chronic denervation changes in the
adductor muscles and the lesion is thought to result from nerve
compression by fascial entrapment of the obturator nerve where it
enters the thigh (at the adductor brevis).

Referred pain, as radicular neuropathy at the level of L1 or L2 in
particular, may manifest as groin pain. Macnab25 suggests that
posterior joint damage produced by degenerative changes of the
L4–L5 disc may also produce pain referred to the groin, and more
recently Bogduk and Twomey26 cite research that has shown that
noxious stimulation of lumbar zygapophysial joints can cause referred
pain in various regions of the lower limbs, including the groin.

Bursitis, particularly associated with the iliopsoas muscle of the hip,
may also produce groin pain in athletes.27 This structure is irritated by
repeated activity involving hip flexors and may therefore be a
problem for runners, jumpers, hurdlers, and footballers. The diagnosis
of iliopsoas bursitis may be extended to include inflammation of the
iliopsoas muscle or tendon,28 or, if symptoms are acute, a strain or
sprain of these structures. Inflammation of these structures produces
deep groin or anterior hip pain, which the patient finds difficult to
localise and the clinician finds frustrating because of the lack of a
point of deep tenderness in many cases. Resisted hip flexion may
reproduce the symptoms, and a lunge whereby the affected groin and
hip are forced into extension may be painful. Ultrasound
examination of deep hip structures can identify fluid collection at the
site of a bursa, and on MRI this is seen as a well defined area with high
signal on T2 weighted images.29

Rectus femoris strain is easily diagnosed because of this muscle’s
relatively superficial location and because the history of pain and its
whereabouts are usually quite definite. Local tenderness, irritability of
the muscle (with or without evident weakness), and confirmation of
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the lesion by ultrasonography if needed,29 all make the diagnosis.
Intramuscular tears can be associated with significant bleeding (and
the risk of calcification or myositis ossificans), and thorough
evaluation of the extent of any injury of this muscle is warranted.
Myositis ossificans can be detected early in its course by MRI and later
by plain radiography and CT scan.29

Hip joint pathology may present as exercise related groin pain. The
differential diagnosis includes Perthes’ disease and slipped capital
femoral epiphysis in the young, synovitis of the hip at all ages, and
stress fracture of the neck of femur, osteoarthritis (or osteoarthrosis),
and avascular necrosis of the head of the femur in the older patient.
The reader is referred to an excellent review of common hip injuries
in sport by Boyd et al.30 The diagnosis depends on a careful history
and examination. Overuse contributes to the development of stress
fracture and synovitis in particular, while osteoarthritic change is seen
in those who have participated in vigorous sports, such as squash, or
contact sports, such as football or rugby. Perthes’ disease, slipped
capital femoral epiphysis, and avascular necrosis of the head of femur
are notoriously insidious in onset and may only be discovered late,
after the development of permanent changes. The universal caution
to beware the child or adolescent who walks with a limp and
complains of leg or knee pain applies.

Appropriate clinical examination includes assessment of hip
rotation (both hips!), leg length discrepancy, and gait, supported by
imaging of the joint by plain radiography, CT scanning, or MRI,
together with 99mTc bone scan. Ultrasonography can demonstrate
fluid in the hip joint and is therefore useful in diagnosing arthritis or
synovitis.28 Other lesions show morphological changes of the head of
the femur and hip joint that are characteristic and well described.
Stress fracture of the neck of femur and avascular necrosis may be
discovered by changes on bone scan or MRI early in their
development, with radiographic changes evident at later stages.29

Posterior pelvic structures such as the iliolumbar ligament and
posterior sacroiliac ligaments can also produce groin pain. Lesions of
these structures produce local pain, which radiates into the groin and
upper adductor areas, as well as down the lateral thigh and posteriorly
down the leg in the case of sacroiliac ligament lesions.31 Diagnosis is
made on an appropriate history of low back and/or sacroiliac pain,
together with local tenderness of involved ligamentous structures.
Local injection of xylocaine should relieve symptoms and confirm the
diagnosis.

Other causes of groin pain include pelvic, gynaecological, and
urinary tract conditions. Common conditions occur commonly,
and athletes are prone to the same range of ills as the rest of the
population.

How do you treat chronic groin pain?

395



Evidence-based Sports Medicine

396

Summary: Diagnostic tests for groin pain

• 99mTc triple phase bone scan is useful for stress fractures, osteomyelitis
and osteitis pubis

• Ultrasound examination is useful for sportsman’s hernia, muscle tears
and sometimes for bursitis/synovitis

• MRI may help in difficult cases where bone oedema is involved

Management

Once the diagnosis has been made, there are useful steps in
management for each clinical situation.

Osteitis pubis is perhaps the most difficult of the groin problems.
The following regimen suggests a number of positive measures which
may assist the affected athlete’s outlook as much as their recovery.
Firstly, osteitis pubis is a self limited disease and every patient
should expect to get better.2,8 Secondly, it is as yet unclear whether
continued activity delays recovery, and so, at least for now, patients
can be encouraged to maintain activity for fitness, such as swimming,
cycling, and rowing, while avoiding those activities that are painful or
that may worsen the condition (or delay its recovery) such as vigorous
kicking or lots of running. Running in deep water (“pool running”)
may be a useful substitute for athletes wanting to maintain running
fitness.

Improving flexibility of the hips (especially in rotation) is vital, as is
correcting any limitation of movement in the sacroiliac or lumbosacral
joints (which promotes excess movement at the symphysis).4

Attention to muscle strength about the hips and pelvis and to
biomechanical abnormalities of the lower limbs is also recommended.
Wearing supportive shorts made of lined neoprene (or similar) may be
useful, as the local warmth and mechanical support provided give
comfort, if nothing else.

Medication for osteitis pubis is contentious, but a short trial of non-
steroidal anti-inflammatory drugs may identify those patients who
will benefit from longer courses, but in any event the average time to
recovery is nine to ten months.2

Corticosteroid treatment (either by injection or orally) could be
counterproductive. Corticosteroids are catabolic, and there is at least
the theoretical risk of loosening the symphysis by use of these
agents. Corticosteroid injection to the symphysis of athletes in the
acute phase (less than two weeks) of osteitis pubis may hasten
recovery,32 but larger studies need to be carried out to confirm this
finding.



The role of surgery in the management of osteitis pubis is
also debated. In a thoughtful paper by Williams et al,33 seven rugby
players who had undergone at least 13 months of non-operative
therapy were provided with arthrodesis of the pubic symphysis by
bone grafting supplemented by a compression plate. At mean follow
up of 52·4 months (range 10 months to 12 years) all patients were free
of symptoms and flamingo views were normal, implying no pubic
instability. The mean time to return of full match fitness was
6·6 months (range from five to nine months). The authors pointed
out that arthrodesis was to be a last resort after failed non-operative
measures had been undertaken.

Wedge resection of the symphysis has also been described for
the management of osteitis pubis,34 but this report refers to an older,
non-sporting, female cohort of subjects. In addition, three of the
patients were not satisfied with their result and one other required a
further procedure to stabilise the sacroiliac joints for painful posterior
instability. This latter complication has also been cited by Moore
et al35 in reference to resection of the symphysis for the treatment of
osteitis pubis.

It is clear that the role of surgery needs cautious definition.
Lesions of the inguinal canal do not appear to recover in athletes

who continue their athletic activity. There is no doubt that surgery
is effective for such patients with return to activity in about
six weeks.36,37 There is also the question of whether repair of an
asymptomatic posterior wall defect should be performed for those
who have been investigated for groin pain and for whom such an
incidental finding has been reported. This may occur particularly in
athletes with one symptomatic lesion but with bilateral defects
evident on imaging studies. If repair is advised for the symptomatic
lesion, then bilateral repair is probably appropriate, given the natural
history of the condition.

Adductor strain is treated differently depending on the site of the
lesion, either at the tenoperiosteal attachment or within the muscle
(the musculotendinous junction or muscle belly). Acute strain at the
tenoperiosteal attachment should be rested until pain and local
tenderness have settled, with gentle stretching and strengthening to
follow over a period of weeks. Running or sprinting should be
encouraged as symptoms permit, with rapid changes of direction and
kicking introduced towards the end of recovery.

Muscle strain within the belly or at the musculotendinous junction
can be managed more aggressively, provided bleeding has been stopped
and the risks of muscle haematoma, calcification, or myositis ossificans
have been addressed appropriately. Stretching, strengthening, and
return to activity follow standard practice guidelines for the
management of muscle injury.38,39 A recent paper40 on the effectiveness
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of active physical training as treatment for long-standing (median nine
months) adductor-related groin pain in athletes, which did not
differentiate between tenoperiosteal and muscle/musculotendinous
injuries, found that active exercises which involved strengthening (but
not stretching) and muscular coordination to improve postural stability
of the pelvis was better than physiotherapy which included stretching,
massage, heat or cold application and ultrasound therapy. Interestingly,
range of motion at the hip improved in the “non-stretching” group as
much as in those who stretched.

Non-steroidal anti-inflammatory drugs, and corticosteroid
injections may be used judiciously where inflammation is apparent,
but it should be recognised that there is no clinical evidence to
recommend their use per se.41

Stress fractures of the inferior pubic ramus settle over two to five
months with rest from running.42 Stress fracture of the neck of femur
demands prompt attention, vigilance, and caution. Stress fracture of
the upper cortex of the neck of femur requires immediate non-
weightbearing (bed rest) and orthopaedic attention to guard against
the risk of complete fracture, displacement, and avascular necrosis
of the femoral head.43 Stress fracture of the inferior cortex requires
non-weightbearing on crutches for three to four weeks, followed by
gradual resumption of full weightbearing over the ensuing weeks.30

Osteomyelitis is managed according to standard principles and
involves the appropriate use of specific antibiotics, both intravenously
and orally, supported by bed rest as necessary and analgesics. Surgery
may be required where conservative measures fail. Return to sport is
usually delayed and averages about five months.21

Nerve entrapments are relieved by appropriate surgical decompression
(for a definitive cure). This applies particularly to the obturator
neuropathy described above, whereby the thick fascia overlying the
adductor brevis anteriorly is divided.24 Ilioinguinal nerve entrapment
can respond to decompression, and neurolysis if necessary,44 and repair
of the external oblique aponeurosis has been advocated for relief
of symptoms attributed to associated entrapment of the terminal
branches of the iliohypogastric nerve.23

The management of spinal conditions that contribute to groin pain
is beyond the scope of this chapter but there are many excellent texts
available on this subject.

Iliopsoas muscle strain and associated bursitis are managed by
anti-inflammatory medication and modalities, together with
appropriate stretching and strengthening of the iliopsoas muscles as
outlined by Dahan.39 Surgery to the iliopsoas tendon and bursa has been
shown to be effective in recalcitrant cases.45,46 Corticosteroid injection
can be tried but difficulty in placement of the injection would demand
this procedure be done under direct imaging. Return to activities such as
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kicking and lunging should be cautious and promoted carefully
within the limits of pain.

Strain of the rectus femoris is managed along the principles
outlined above, with similar precautions applied to return to kicking
or jumping movements. Haematoma(ta) within the quadriceps
complex must be managed carefully to minimise rebleeding and/or
calcification (myositis ossificans). This implies appropriate anti-
inflammatory medication (typically six weeks of indomethacin) and
modalities, and the avoidance of premature stretching (particularly
passive stretching) and of vigorous massage in particular.30

Hip joint pathology should involve early referral to an orthopaedic
surgeon for the management of Perthes’ disease, avascular necrosis of
the head of the femur, slipped femoral capital epiphysis, and stress
fracture of the neck of femur. All of these conditions are prone to
debilitating sequelae and should never be underestimated. Conservative
management can be tried in many of these conditions but the decision
to intervene surgically is critical and not for the inexperienced or
untrained practitioner.

Synovitis of the hip can be managed with rest and anti-inflammatory
modalities, but the clinician must always have a diagnosis in mind.
Synovitis of the hip is often secondary to a disease process and not
necessarily an overuse or benign self limiting condition. The
management of osteoarthritis of the hip depends on the clinical state of
the joint and can vary from simple measures of appropriate symptom
relief and rehabilitative exercise (for strength and flexibility), to surgical
intervention and joint replacement.30 It may be necessary to involve a
rheumatologist and orthopaedic surgeon in such cases.

Management of posterior pelvic problems such as iliolumbar
ligament sprain and posterior sacroiliac ligament sprain depends
upon attention to causative factors such as trauma and/or faulty
mechanics, together with the traditional forms of therapy including
mobilisation, soft tissue massage, and anti-inflammatory modalities.
Sacroiliac hypermobility is a difficult problem and prolotherapy (to
induce fibrosis of ligaments and thus restrict joint motion) has been
proposed, but no prospective controlled studies exist to substantiate
this recommendation. Management of sacroiliac dysfunction is
discussed more fully by Prather.4

Summary

Groin pain in the athlete is a difficult clinical problem because of
the range of possible diagnoses. Much of the “theory” of groin pain is
based on supposition and assumption, with little clinical evidence to
validate the therapeutic interventions currently employed in
management. Nevertheless, the clinician should be prepared to apply
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the principles outlined in this chapter to provide relief if not a cure to
the majority of patients.

The recommended diagnostic approach is anatomical, supported by
judicious selection of diagnostic imaging techniques. Understanding
the biomechanics of sport, and therefore possible pathomechanics,
as presented by each patient then provides a direction for management
in terms of prescribed rest (or modified activity), technique
correction and a measure of recovery (in terms of return of normal
function).

Treatment modalities such as anti-inflammatory medication,
corticosteroid injection, electrotherapy devices, local applications of
cold and heat, and the manual techniques of physiotherapy must all
be considered in context. Anti-inflammatory modalities have their
place relatively early in the period of recovery, whilst stretching and
strengthening of injured tissue or muscle that has been affected by
disuse must be prescribed carefully to allow for healing and promote
normal function as early as possible.

Return to sport must only take place once normal function has been
demonstrated.

If return to full activity is impossible despite optimal therapy – then
surgery may be considered. A complete post-operative rehabilitation
programme is implicit.

Patients should be reminded that there are no short cuts and
precipitate return to sport is not worth the risk in most cases.

Summary: Groin pain in athletes

• Groin pain is common and affects male and female athletes
• Groin pain may result from a number of simultaneous conditions
• 99mTc bone scan, CT scan and MRI may be helpful in confirming a

diagnosis
• Understanding sport techniques is an important part of diagnosis and

planning rehabilitation
• Beware hip disease manifesting as groin pain

Case studies

Case study 20.1

A 19-year-old 10 k runner has recently increased his mileage from 50 k per
week to 100 k per week and has developed an ache from the perineum into
the left adductor area. He has noted this ache is gradually worsening over
recent weeks. There is some discomfort and tenderness around the
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symphysis pubis and medial inferior ramus on the left at rest. There is no
history of fever, weight loss, acute episodes of pain or recent trauma.

(Differential diagnosis: osteitis pubis, stress fracture of the pubic ramus,
osteomyelitis, tumour).

Sample examination questions

Multiple choice questions (answers on p 562)

1 Sportsman’s hernia

A refers to a tear of the rectus abdominis muscle
B may be seen on ultrasound examination
C usually affects the medial end of the inguinal canal
D is an indirect incipient inguinal hernia
E responds well to surgical repair in athletes

2 Osteitis pubis

A presents in males and females in equal numbers
B is a result of overuse rather than acute injury
C is characterised by pain radiating into the medial thigh and

scrotum
D is always bilateral
E None of the above

3 Imaging in groin pain

A may involve peritoneal imaging in the diagnosis of sportsman’s
hernia

B is best done with MRI rather than CT scan
C may use ultrasound imaging for the diagnosis of bursitis
D None of the above
E All of the above

Essay questions

1 Briefly outline the symptoms and signs which differentiate osteitis
pubis from sportsman’s hernia (incipient inguinal hernia) in a
25-year-old male soccer player.

2 Briefly outline the diagnostic features of adductor muscle injury
and indicate which imaging techniques might be useful.

3 What is a “flamingo view” and why is it done?
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21: What is the optimal
treatment of the acute anterior
cruciate ligament injury?
IAN CORRY

Background

I was running with no-one near me. My studs caught and my knee twisted.
I heard a crack and I fell to the ground with a sudden pain. My knee
became very swollen and the next day I could not fully straighten it. I
went to hospital where I was told that my x-ray was normal. They gave me
crutches and a bandage.

If the patient is fortunate, this is the story of a recent injury told
to a doctor or physiotherapist who can recognise the probability of
anterior cruciate ligament (ACL) injury. If the patient is unfortunate,
the story is of an injury several years ago. Subsequently there may
have been frequent episodes of giving way followed by locking and
arthroscopic surgery. After meniscectomy and diagnosis of ACL
injury, the history may have been presented at a tertiary referral to a
surgeon with an interest in sport medicine and knee surgery. 

The latter presentation is frequent at a sports medicine knee practice
in the UK. A study looking at 119 consecutive, “clinically obvious”,
ACL ruptures presenting to a specialist knee clinic found a mean delay
from injury to diagnosis of 22 months. Most of these patients had been
injured playing sport and the majority had been discharged from a
hospital casualty department at the time of their injury. Thirty per cent
of the patients had been seen by an orthopaedic surgeon and 28% had
undergone an arthrotomy or arthroscopy without diagnosis.1

The patient presenting acutely is described as “fortunate” not because
of the ACL injury but because of early recognition of the diagnosis.
However the term fortunate would only be appropriate if this early
diagnosis were to improve the outcome. The optimal treatment under
these circumstances is the subject of this chapter. Management of the
late presentation or chronic ACL injury is not considered. 

The considerations requiring evidence are the two broad treatment
options of conservative management or surgery. Under these options
the conservative management includes rehabilitation, bracing and
activity modification. The surgical subgroups are repair, early or late
reconstruction, type of reconstruction and post operative
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rehabilitation. Within these options, the influence of other injuries
and the functional expectations of the patient are also considered. It
is assumed that the correct diagnosis has been made. There is some
reference to the positive or negative role of early arthroscopy without
reconstruction. 

Method

There are many retrospective and some prospective studies of
almost all aspects of ACL injury management. A Medline search of
“anterior cruciate ligament” 1960–2001 identified 3 195 papers. In
such a large literature volume, concentration on the outcome
following acute injury was sought by trying to answer the question:
“In the isolated ACL deficient knee, does surgical intervention lead to
a better outcome than conservative management?” In seeking
literature on this subject attention was also given to outcome studies
on subgroups within conservative and surgical management. 

The search was refined using “human studies”, “injuries” and ACL
as a focus in the article to limit the search. This revealed 1 203 papers.
To modify the search towards papers on clinical trials the 1 203 papers
were searched using “randomised” or “randomized” in the title. This
produced 16 papers. One of these was selected as comparing surgical
versus conservative treatment.2 The others referred to randomised
trials of different types of physiotherapy or surgical technique, some
of which have been used to provide evidence for treatment within
conservative or surgical subgroups. The word “controlled” in the title
revealed four papers from the 1 203. None of these referred to
operative versus non-operative management. The word “prospective”
in the title identified 48 papers. These were examined to extract
papers referring to clinical/functional outcome or management
following acute injury in order to be used for this review. 

An additional search of review articles 1999–2001 highlighted 33
papers of which five referred to treatment of injury. Reviews referring
mainly to technical detail such as operative technique or graft
selection were excluded. The most recent three were selected as
having come from large eminent institutions in order to obtain
further references about the topic.3–5

The Cochrane Library database was searched using the term
“anterior-cruciate-ligament” without restrictions. Table 21.1 shows the
numbers of references obtained in the subsections.

Finally, there are several papers widely familiar to those commonly
treating this injury which would be a part of any review on the
subject.7–16
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Main results

It is obvious from the literature review that, whilst there is a large
amount written about the anterior cruciate ligament, there are few
controlled trials of conservative management versus reconstruction
and no prospective randomised controlled trials. Such a trial is
impractical if not impossible except in the short term, because a long-
term trial with degenerative change as an outcome would require the
conservative and surgical groups to be matched for activity level after
treatment. Since the main feature of conservative management is
activity modification to avoid instability, and the main feature of
surgical management is an attempt to regain peak activity, the post
treatment activity regimes are difficult to match. Furthermore, one
would anticipate a high rate of default in the conservative group as
more and more patients became dissatisfied with their instability.
Equal matching would require those with successfully stabilised knees
to behave as if they were still unstable. The trial is not impossible in
theory but it would almost certainly be undermined by erratic patient
compliance. Whilst it is not entirely satisfactory to prejudge a
potential clinical trial in this way, at present we must rely on slightly
more circumstantial evidence of long term difference in outcome.

With activity level rather than degenerative change as the outcome
measurement, the Andersson study randomising three groups to
conservative management, repair, or repair with augmentation
showed convincing evidence of a higher activity level after repair with

Table 21.1 Numbers of references obtained from Cochrane Library database.

Subsection Number of
references

Systematic reviews Nil
Abstracts of reviews of effectiveness 1*
Controlled trials register 1**
Methodology reviews Nil
Methodology register Nil
Health technology assessment database Nil
NHS economic evaluation database 7†

* This was about the use of MRI
** This was about the incidence of post-operative vomiting with two different
drugs.
† Three of these were analyses of outpatient versus inpatient surgery, two were
on types of anaesthesia/analgesia and one was a comparison of two post-
surgical rehabilitation techniques. This left a paper on the cost effectiveness of
anterior cruciate ligament reconstruction compared to non-operative care in
young adults which was used for this review.6



augmentation compared to the other two groups. Sixty-three per cent
returned to competitive sport against 32% in the repair only group
and 27% in the conservatively managed. There was also a 17%
subsequent transfer of patients from conservative management to
operative management confirming the problem of defaulting patients
in a controlled study.2,17

Another problem more specific to outcome after the acute injury is
that patients often do not present until they have instability. Many
knee injuries may not even be identified as ACL deficient. Therefore
studies on those presenting with instability or, at the very least, a
proven ACL injury, tend to be studies on the more severely affected
and not on the total population of ACL deficient knees. Conclusions
on the ideal management of a patient presenting prior to the onset of
instability, must recognise the limitations of the evidence. It is
generally based on treatment of those who already have instability
and the outcomes are in non-matched, poorly controlled clinical
trials. They usually include more than one type of surgery, different
patterns of injury and patients with a heterogeneous mixture of age
and activity level. Since the evidence is limited by conclusions drawn
after some unproven assumptions, the best estimate of ideal treatment
will always have an empirical element. The remainder of this chapter
outlines the circumstantial evidence which gives us some objective
grounds for advising and treating our patients. 

Early management

After recognition of the likely diagnosis, early management should
be similar both for surgical and conservative groups. The dichotomy
between conservative or surgical management may be left to the
subacute period after initial urgent management. 

Repair is not generally a good option since, without augmentation
or reconstruction, there is a high incidence of failure.18–20 Immediate
reconstruction is associated with a higher incidence of stiffness.16,21,22

The exceptions are displaced bony avulsions which may heal if
replaced and which may mechanically prevent full extension if left
displaced.23–25 The multiple ligament injury or at worst the dislocated
knee may do better with early repair and reconstruction.26–30 If the
ACL injury is combined with one other collateral ligament injury an
argument for early repair at least of the collateral could be made.
However, the evidence is inconclusive when associated MCL injury is
considered. Repair of the ACL alone in this combination has had
good results31,32 although additional MCL repair may be more
appropriate if the MCL tear is complete and extending into the
posterior capsule.33
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Many knees with acute ACL injuries have incomplete extension i.e.
they are “locked.” This has been an argument in favour of early
arthroscopy and removal of the mechanical block, which is often
assumed to be an associated meniscal tear. Conservative treatment of
this incomplete extension will usually result in resolution of the
haemarthrosis and restoration of full extension. Jomha found 2/3 of
acute ACL injuries had an extension loss of more than three degrees.
Only 5% of these had a mechanical block found at subsequent
arthroscopic ACL reconstruction (2% displaced meniscus and 3% ACL
stump). Their mean extension loss was 13 degrees.34 In this small
subgroup with a persisting extension loss, for example, at four to
six weeks, arthroscopy to remove a potential mechanical block may
then be offered. There is then an argument in favour of proceeding
with reconstruction at that time to avoid a second operation. In
Jomha’s series none of the patients with mechanical block treated
this way failed to regain full extension after reconstruction at six to
eleven weeks.

Following this “first aid” period the question of conservative versus
operative management may be posed.

Outcome of conservative management

The natural history of the ACL deficient knee has been examined
in isolation and in comparison with surgical treatment although not
in a truly controlled randomised way. Absolute data on the natural
history has not been obtained because asymptomatic “carriers” of ACL
deficiency are not identified. The natural outcome is based only on
those known to have ACL deficiency and therefore, by implication,
more severely affected. In practical terms this information is still
useful since the patients we are asked to treat are those who have
presented. However as public awareness of the injury becomes more
widespread, diagnosis of those affected in a more minimal way will be
inevitable. We must be aware that advice about their treatment may
be based on outcome studies of more severely affected patients. 

Patients with ACL deficiency managed conservatively have an
increased risk of subsequent meniscal tear.7,10,13 This can only be
estimated but may be 15–20% over eight years.12 Daniel found a
20% meniscal injury incidence over five years.8 ACL instability itself
has a higher risk of degenerative change.12,14,35–38 Meniscal tear with
meniscectomy hastens the degenerative process.38 McDaniel and
Dameron’s studies suggested 20% would have significant degenerative
change at a mean 9·9 year follow up rising to 35% at a mean 14 year
follow up.13,39 Their conclusions further emphasised that the
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degenerative changes seemed to be related to the meniscal injuries.
Murrell in a recent paper reported six-fold greater articular surface
cartilage loss in those presenting beyond two years compared with those
presenting within two months and a further threefold increase if there
had been meniscal loss.40 These studies, however, have been follow up
of symptomatic knees and it could be argued that asymptomatic knees
with a deficiency of similar duration had not presented. 

There are no studies to show that bracing can reduce this risk.
Bracing however may help the functional ability of the ACL deficient
patient. It may give confidence, prevent hyperextension and protect
the tibia from forward translation on the femur at low levels of load.
Bracing does not appear to prevent such translation at the loads of
vigorous activity.11,41,42

Functional ability in the ACL deficient knee has been estimated in
terms of quality adjusted life years, after conservative treatments
including rehabilitation, counselling and bracing. The difference in
quality adjusted life years following surgical reconstruction has been
estimated and recognised in the Cochrane database.6 This novel
approach to defining the effect on lifestyle gives an important aid to
decision making, even if the long term outcome in terms of
degenerative change were to be no better or perhaps even worse (see
below). The concluding estimate was that the operative strategy
(patellar tendon graft) provided 5·1 quality adjusted life years versus
3·49 years for non-operative treatment in adults under 30 years old for
the first seven years after injury. This was at a cost of $5 857 per quality
adjusted life year (1999 prices). Other important features of this
article were the exclusion of studies which had patients who awaited
the onset of symptoms before recruitment, and the treatment of
the ACL having been exclusively acute rather than chronic. The
implication of this estimate of cost effectiveness can be compared
with other interventions and technologies. There are guidelines for
interpretation classified into five grades. Grade A technologies are the
most favourable, most effective, least expensive and grade E the least
favourable. ACL reconstruction in this age group would rank as a grade
B i.e. “strong evidence for adoption and appropriate utilisation”.43

The defect in functional ability in the trials used by Gottlob et al
was measured by reduced functional activity level. The classes were 0
to 5, 0 = death, 1 = symptomatic on activities of daily living, 2 =
activities of daily living only, 3 = mildly stressful sports, 4 =
moderately stressful sports, 5 = very stressful sports. The extrapolated
mean activity levels from five trials of conservative treatment36,44–47

and six trials of operative treatment48–53 are shown in Table 21.2.
Other more general studies have noted the decrease in athletic

activity7,9,14 although inevitably slightly overestimated by failure to
count asymptomatic cases.
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The benefits of conservative management are in avoiding surgery
and its potential complications or poor results. It will always be an
individual matter of judgement if the associated risks of conservative
management are preferred to those of surgical management.
Minimising the risks by lifestyle modification is thought to be a
reasonable option but without published evidence. 

Outcome of surgical management

Bearing in mind the natural history outlined under conservative
management, for surgery to be worthwhile, the results should be
better either in terms of long term degenerative change or in terms of
lifestyle. If only the lifestyle change is proven then there should be
little or no adverse long term outcome compared with conservative
management. At the very least, any adverse outcome should be small
or an acceptable exchange for the benefits accrued. It is ironic that
one major study showed an increase in late degenerative change after
reconstruction.8 However, this may indicate that conservative
management may protect the knee by inhibiting activity. Such a
means of reducing late degenerative change is not always acceptable
to the active individual. A recent minimum six year follow up of
225 patients in three groups of surgical reconstruction (hamstring
technique compared with two different patellar tendon techniques)
showed only 11·6% with radiological evidence of degenerative
change. The outcome for each technique was similar.54 The results
were in spite of inclusion of other injuries such as meniscal tear and
inclusion of non anatomical graft placement. 

About 30% of acute ACL injuries coming to reconstruction are
isolated.55 Few studies have separated those with isolated ACL injury
from those with associated injury, especially meniscal. Those recent
studies which have done so seem to have shown a protective effect of
reconstruction on the menisci if they were intact at the time of ACL

Table 21.2 Mean activity level outcomes (% of patients, data from Gottlob
et al 6).

Activity level Conservative management Operative management

Class 1 15·0% 3·3%
Class 2 21·8% 1·4%
Class 3 21·8% 11·8%
Class 4 23·8% 17·0%
Class 5 18·1% 66·5%
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surgery.56,57 Medium term outcomes, in terms of reduced degenerative
change at seven years in these patients, are supportive of this
treatment.58 Seventeen of 20 in the Jomha series with intact menisci
had normal radiographs at seven year follow up. Zero of 16 with
associated menisectomy had normal radiographs. An interesting
trend suggesting better results after acute reconstruction, was a lesser
protective effect of intact menisci if the reconstruction was in a
chronic rather than acute injury. This concept needs further clinical
trial. In a five to fifteen year evaluation by Shelbourne (mean
8·6 years), the IKDC rating was normal or nearly normal in 87% of
those with intact menisci, 70% with lateral meniscectomy, 63% with
medial meniscectomy and 60% with both menisci removed.57 This
indirect evidence may be the strongest argument in favour of early
reconstruction if the menisci are intact. Longer-term follow up
evidence is not yet available. 

The long-term survival of meniscal repair with ACL reconstruction
is unknown. Success rate is approximately 76% at 10 years in knees
with intact ligaments.59 Meniscal repair success rate is probably
similar with associated ACL reconstruction although it may be
slightly less.60

If there already is non-repairable meniscal or articular damage it
would seem that degenerative change is almost inevitable and
evidence showing a reduction in this following reconstruction is
unlikely to emerge. Surgery for these patients must be justified only
by evidence of an improvement in lifestyle or function. There are
plenty of outcome studies showing such improvement but none with
an adequate control group. The patients entering these outcome
studies are usually heavily preselected by their need or demand for
surgery. This means that they tend to be towards the more severely
affected end of the spectrum. However, to use the example of the
Shelbourne study,57 in the severely affected group with both menisci
removed or partly removed there was still an IKDC rating of 60%
normal or nearly normal after a medium to long-term follow up. 

A reasonable interpretation of these data is that reconstruction
is indicated to help preserve the menisci in the isolated injury
(with intact menisci). This would include preservation of the menisci
by repair. Since the chance of meniscal injury increases with time
from injury, there is a good argument for early reconstruction.
Furthermore, even with menisci that remain intact, instability is
associated with degenerative change and this may also be less after
acute reconstruction.

In the non-isolated injury, reconstruction is indicated for those
who by reason of their instability cannot function at an adequate
level. The majority of these cases may wait until the instability
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symptoms arise. Some of these patients who require early
arthroscopic surgery for treatment of the additional pathology may
have reconstruction at the same time to avoid a second operation.
However, this decision is based on surgeon judgement and patient
preference rather than objective evidence. There is good evidence
that the majority of these patients will maintain an improvement at
least in the medium term.

Type of reconstruction

Many techniques for ACL reconstruction have been proposed and
tested including prosthetic ligament, allograft, autograft, graft with
prosthetic augmentation, and extra-articular reconstruction.
Outcome studies following ACL reconstruction have included simple
assessment of a particular technique and comparison of one surgical
technique with another or others. Autografts of patellar tendon (PT)
or hamstring tendon (HT) are now preferred by most surgeons and
extra-articular reconstruction is rarely used.11 Furthermore studies
have shown no difference in results when an extra-articular
augmentation was added to an intra-articular PT reconstruction.61,62

Prosthetic ligaments have gone out of fashion because of a high
failure rate. (40%–78% over 15 tears63). Open and closed (endoscopic)
versions of graft substitution have been compared without significant
difference in outcome, although the arthroscopic hamstring
technique was not assessed.64,65 Suspensory methods (i.e. fixation
outside the tunnel) and aperture methods (i.e. by interference screw
close to origin and insertion) of fixation have been described with
increased construct stiffness in those held anatomically by direct graft
tissue aperture fixation rather than the suspensory method.66–69

Comparisons between groups having patellar tendon or hamstring
tendon grafts have been reported.49,52,70–73 In the reports by Aglietti
et al,49 Otero and Hutcheson,73 and O’Neill,72 the PT grafts were held
by interference screw aperture fixation, whilst the HT graft was by
outside suspensory fixation. The last of these also used two strand
rather than four strand HT graft. The studies by Harter et al70 and
Holmes et al71 compared PT against single strand HT both in “over
the top” positioning but with various additional extra-articular
reconstructions. The study by Marder and Raskind52 had both graft
types held by matching fixation (suspensory) with little difference in
outcome between groups. This and other studies mentioned, included
patients with other injuries such as meniscal tear, chondral lesion or
other ligament injury and some included revision ACL surgery.
Therefore interpretation of these studies must consider the different



techniques of fixation, other differing surgical methods and other
intra-articular lesions in addition to the differing graft sources. The
study of Pinczewski’s patients74 had groups matched for all features
except graft type (PT or HT) and showed little outcome difference. The
groups were sequential rather than randomised. 

Reconstruction using interference screw ultimately requires
osteointegration of the tendon graft. Pinczewski et al examined the
histology at the bone-tendon junction of two specimens retrieved
from patients undergoing revision surgery at 12 and 15 weeks
following reconstruction for traumatic mid-substance hamstring graft
rupture at six and 10 weeks.75 Integration of the hamstring tendon
ACL autograft was demonstrated by observation of collagen fibre
continuity between bone and tendon. The histology plus the low
overall incidence of early graft failure together imply that the strength
of the bone-tendon junction, supported by the interference screw, is
adequate for rehabilitation forces below the threshold for provocation
of mid-substance rupture. For biomechanical testing in the dog,
Rodeo et al76 used a snug fit tendon in a tibial tunnel secured with
stainless steel sutures allowing post operative exercise ad libitum. They
noted failure by tendon “pull-out” from the tunnel at up to eight weeks
post surgery. By 12 weeks, all “pull-out” tests resulted in graft slippage
from the clamp or graft rupture, implying that the tunnel-graft
interface was no longer the weakest link.

Therefore there is biomechanical, clinical, and histological evidence
supporting the choice of aperture fixation and either four strand
hamstring or patellar tendon graft. The similar outcome in terms of
return to activity and failure rate is further confirmation of the
clinical application of this evidence.

Graft placement is as important as graft selection. Ideal position has
been worked out by collective clinical experience rather than trial,
with anterior placement of tibial or femoral tunnels the commonest
error. This can lead to impingement of the graft in the femoral notch
in extension or overconstraint of knee motion. The review by Fu et al
gives a recent summary.5

Accelerated rehabilitation has been shown to have as good a result
as older methods of more cautious post operative care15 and was used
in both of Pinczewski’s groups.

The conclusion from evidence in these studies is that a biologically
compatible graft, anatomically placed and held by near aperture
fixation, followed by accelerated rehabilitation will give the best
results from techniques currently available. Following isolated
acute/subacute ACL reconstruction approximately 90% of patients
can return to their previous activity level.
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Conclusions

The evidence for treatment of acute ACL injury supports an
immediate first aid period until the haemarthrosis has settled and the
range of movement is restored. After this, successful reconstruction in
the isolated ACL injury reduces the rate of subsequent meniscectomy
and medium-term degenerative change.

If there is meniscal or articular surface damage, stability and
therefore function can be improved. Degenerative change in the
medium term is no greater but long-term degenerative change may be
more than with conservative management.

If conservative management is selected there is no evidence that
bracing changes the long-term outcome but it may allow an increased
exercise level.

The current practice is to advise either reconstruction or activity
modification to avoid giving way episodes. The reconstruction should
be with a biologically compatible graft, anatomically placed, with near
aperture fixation and accelerated post-operative rehabilitation. If
conservative management is selected, a brace may be used for exercise.

Key messages

Modify activity to suit the knee or modify the knee to suit activity.
In the isolated ACL injury, reconstruction helps protect the menisci.
In the presence of associated meniscal or articular damage, the functional
outcome should be improved following reconstruction but the chance of
long-term degenerative change may be greater.
Reconstruct using a biological graft, anatomically placed with near aperture
fixation and accelerated rehabilitation.
In the multiple ligament injury, repair and reconstruct early.

Summary

• The isolated ACL injury in an active person who wishes to continue with
potentially unstable exercise should be reconstructed early.

• The ACL injury combined with other knee ligamentous injury or meniscal
injury or chondral damage should be treated empirically taking
consideration of multiple factors. These include the age and the exercise
demands of the patient, the pattern of injury and the surgical skills
available. 

• A decision to manage conservatively should be reviewed when the patient
has reached their peak level of activity. The decision can be changed to
perform reconstruction if instability becomes evident at that time.
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Sample examination questions

Multiple choice questions (answers on p 562)

1 In the isolated acute ACL injury:

A The history may be a simple weight bearing twist
B Subsequent meniscal tear is common
C A mid substance ACL tear is likely to heal if repaired
D Incomplete extension should be treated by urgent arthroscopy
E Stiffness is less if the reconstruction is performed as soon as

possible 

2 In ACL reconstruction:

A The knee must be immobilised post operatively
B Arthroscopic reconstruction has better long term results than

open
C An additional extra-articular procedure significantly improves the

result
D Patellar tendon and hamstring tendon grafts give similar

outcomes.
E Subsequent meniscal tear is unusual

3 In conservative management of ACL injuries:

A Return to vigorous side-stepping sport is not possible
B Future degenerative change is likely only if there is a meniscal

tear
C Incomplete extension will usually resolve
D Bracing prevents tibial translation in vigorous activity
E 50% of patients will have instability in activities of daily living

Essay questions

1 What are the risks in the natural history of the ACL deficient knee?
2 Outline the potential benefits of ACL reconstruction.
3 Discuss the different types of ACL reconstruction and comment on

their relative merits.
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22: What is the most
appropriate treatment for
patellar tendinopathy?
JILL L COOK, KARIM M KHAN

Introduction

Historically, the treatment of tendinopathy has been based on an
inflammatory paradigm1 and steeped in empiricism. Recent studies
have indicated that this paradigm is not applicable to the overuse
tendinopathies,2 so sports medicine practitioners have been left with
little foundation on which to base treatment.

The nomenclature for tendon injury has undergone significant
change as the true pathology underlying the condition becomes clear.
The use of the term “tendinopathy” to describe the clinical syndrome
of pain and dysfunction in a tendon is now preferred, with the use of
pathological terms (tendinitis, tendinosis) restricted to tendons that
have been examined microscopically.3

Since the demise of the concept of an inflammatory basis for
tendinopathy, the degenerative label has been attached,4 however an
alternative concept of a failed healing response may be more fitting.5

Consequently, treatment that maintains or encourages the healing
response in the tendon may be more appropriate. At this stage, it is
not known whether intervention at a cellular (for example tissue
engineering), or clinical level may best stimulate a healing response.
Surgical intervention appears to stimulate tendon repair by initiating
the triphasic response of inflammation, proliferation and repair.6 This
three-fold response appears to be missing in patients with overuse
tendinopathy,2 perhaps because the vascular disruption needed to
initiate this cycle is missing.

The conservative treatment recorded in the literature of patellar
tendinopathy includes combinations of rest,7 exercise – especially
eccentric exercise,8 modalities including ultrasound, heat and
cryotherapy,9 frictions,10 biomechanical adjustment11 and
pharmaceutical treatment.12 Similarly, the length of treatment varies
widely, as does the reported recovery rate. Many of these treatments
are based on “clinical experience” rather than on appropriately
analysed data.

The surgical management of patellar tendinopathy traditionally
follows when conservative treatment fails. Surgical treatment includes



several different operative procedures and post-operative rehabilitation
protocols. The choice of surgical treatment of patellar tendinopathy
appears to be based on the surgeon’s preference.

Recent literature reviews12,13 document a dearth of controlled trials in
the treatment of patellar tendinopathy, with the exception of studies
using pharmaceutical anti-inflammatory intervention13. This chapter
will highlight the lack of evidence in the literature to guide the clinician
in clinical decision making for the treatment of patellar tendinopathy.

Methodology

Search methods

Databases searched were Medline, CINAHL, Current Contents,
AMED and PubMed. The search was limited to the English language,
and although there are several publications in other languages, our
inability to review them satisfactorily led us to exclude them from the
review. Primary terms used in the search included jumper’s knee,
patellar tendon, tendinitis, tendonitis, tendinosis, and tendinopathy.
Secondary terms included treatment, surgery and conservative.

Data extraction

Studies were reviewed if they included all or some subjects with
patellar tendinopathy, used a randomised allocation or were
prospective in nature.

Results

The ten randomised trials that met the inclusion criteria studied the
effects of anti-inflammatory medications (n = 7), the effect of exercise
on the patellar tendon2 (n = 2) and the effect of local massage (n = 1).1

One of these studies (of medication) was available only as an abstract
from a conference presentation. Prospective studies were also sparse,
with three studies having a prospective experimental design, all on the
surgical treatment of this condition; one study also had a proportion
of subjects managed conservatively.

Conservative treatment

There is little high quality data regarding the outcome of
non-operative treatment for patellar tendinopathy. Apart from those

Treatment for patellar tendinopathy

423



studies investigating the effect of medication, there are only two
randomised trials of the effect of exercise therapy and one on the
effect of message. Including prospective studies only adds one more
study – a combined conservative/surgical study by Panni et al.14 In
this study, the outcome after a generic conservative treatment
programme for six months was reported, nearly 80% responded well
to treatment. It is not possible from this study to evaluate the role of
specific aspects of treatment.

Exercise

Two papers review the effect of exercise regimes on patellar
tendinopathy (see Appendix 22.1, Table 22.1). Similar in many ways,
these studies focus on strengthening of the muscles around the knee
in those subjects with jumper’s knee, and measuring changes in
strength, pain and function after an eight and 12 week intervention.
Squats, isokinetic strengthening, and weights were used as the
intervention in these studies. Outcome measures varied, however
both measured changes in strength and pain, one study measured
function (return to sport) as well.15

A reduction in pain in the study period was apparent in Cannell
et al’s study. However, there were no measured quadriceps strength
gains. Conversely, Jenson et al’s16 study showed improvement in
quadriceps work in the study period, but it is unclear if there was a
concurrent reduction in pain. The lack of strength gains in Cannell
et al’s study may be due to measurement strategies as strength was
measured on the Cybex II isokinetic machine. This machine measures
only concentric strength and part of the intervention was directed at
improving eccentric strength. Eccentric strength training does not
necessarily lead to gains in concentric strength and gains in eccentric
strength may not be measured by the Cybex II machine.17

As there is not scientific foundation for progressive load changes in
a treatment programme for patellar tendinopathy, the baseline load
and progression of exercise in both studies was based on clinical
experience.

Massage/Frictions

The study by Wilson et al18 used a massage device (ASTM
AdvantEDGE) and compared outcomes to those treated traditionally
(see Appendix 22.1, Table 22.1). They concluded that the ASTM
AdvantEDGE device improved clinical outcomes in patellar tendinitis.
Results, however, indicate that the main outcome measures did not
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differ between groups, and those outcomes that were significantly
different are not fully documented in the paper.

The intervention differed between groups in several ways. The
traditional treatment allowed frictions to the tendon only and the
ASTM AdvantEDGE allowed treatment to the quadriceps muscle,
the quadriceps tendon, the peripatellar structures and the patellar
tendon. The number of treatments also varied between groups.

The main outcome measure used in this study was the
patellofemoral joint evaluation scale, designed to evaluate long term
changes in the patellofemoral joint.19 Thus, this scale may record
symptoms not commonly associated with patellar tendinopathy
(crepitus, swelling, instability) and may not be fully sensitive to
symptoms and functional changes of patellar tendinopathy
(squatting, sporting function). The authors did not report the
reliability or validity of this scale. It is difficult to conclude from this
study that the device offered a better outcome than the traditional
treatment.

Pharmacotherapy

There have been several studies of pharmacotherapy in the
treatment of patellar tendinopathy. Three studies introducing
corticosteroid transcutaneously using iontophoresis or phonophoresis
(see Appendix 22.1, Table 22.2), two studies examined the effect of
corticosteroid injection (see Appendix 22.1, Table 22.3), and two studies
tested the outcome of non-steroidal anti-inflammatories, (one orally
and one transcutaneously) (see Appendix 22.1, Table 22.4).

Phonophoresis showed no difference in outcome with the addition
of corticosteroid when compared to placebo, however both studies
using this intervention showed that the treatment and placebo group
improved similarly in the study period. Klaiman et al20 concluded that
a weakness in their study was the lack of a sham ultrasound group.
The results from both these studies indicate that a RCT into the effect
of ultrasound on tendon pain is justified. Iontophoresis may
introduce corticosteroid into target tissue more effectively than
phonophoresis, as the outcomes in this study are better than those
that used phonophoresis.

The studies that used injection to deliver the corticosteroid
included one study reviewed from an abstract. Both studies indicated
a good response to this intervention. Capasso’s study21 indicated that
aprotinin offered better outcome than either corticosteroid or
placebo. The time from onset of patellar tendinopathy to recruitment
into the study was not stated, hence some subjects may have the
short-term symptoms that appear to respond to anti-inflammatory
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medication. Outcome measures in this study were based on the Kelly
grading system,22 and the study used an unblinded clinical
investigator. The study by Pfeiffer-Jensen et al43 has not been reviewed
as it is only abstract form.

Surgical treatment

There have not yet been any randomised studies of surgical
treatment in patellar tendinopathy. Studies that did not state whether
data were collected prospectively or retrospectively have been
excluded from review.23,24

Three studies have a clear prospective design (see Appendix 22.1,
Table 22.5). Khan et al showed that 73% of the subjects who underwent
surgery for patellar tendinopathy had good results. The VISA score25 in
this group improved significantly which reflected improvement in pain,
function and sporting capacity. The main outcome of this study was to
show that there was no correlation between clinical outcome and
imaging appearance in post-surgical subjects.

Panni et al14 included both conservative and surgical treatment in
his study. Subjects who had failed the conservative treatment were
operated on and all of these subjects had a good or excellent outcome.

Testa et al6 investigated the efficacy of percutaneous tenotomy, and
reported that the technique is more effective in mid-tendon
pathology than in proximal tendon pathology. The diagnosis of a
mid-tendon lesion was made on clinical grounds (palpation) and
seven subjects had normal imaging. This study had nearly 40% that
had poor results and isokinetic testing revealed persistent strength
deficits across all outcomes.

Discussion

It is surprising that so few studies met the inclusion criteria for this
review. The papers in this series have raised several issues, specifically
the lack of consistency in the diagnostic criteria, the outcome measures,
and the control of important potentially confounding variables.

Diagnostic criteria

Although diagnostic criteria for patellar tendinopathy varied
among studies, most authors used clinical assessment for diagnosis
without confirmatory imaging. Pain and palpation tenderness were
almost exclusively used, only two studies documented pain on
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resistance of muscle contraction or other functional testing.20,26

Although these studies use resisted knee extension and other
functional tests as one of their diagnostic criteria, it is possible that
this will aggravate other components of the knee extensor
mechanism. As tendon pain does not refer widely, the exact location
of the pain would add important diagnostic accuracy to these tests.
The distribution of pain on a pain map would help ensure the
diagnostic homogeneity of the group.

It can be argued that imaging is not necessary to diagnose patellar
tendinopathy.27,28 Hence the presence of abnormal imaging does not
indicate absolutely that the pain is coming from the tendon. There is
also an argument for the “imaging normal” patellar tendinopathy,29

although this remains a contentious issue among tendon researchers.
Despite these arguments, confirmation of pathology within the
tendon in conjunction with clinical tests would guarantee the best
diagnostic criteria are used, and future studies should include imaging
as part of the spectrum of tests needed to confirm the diagnosis.

Palpation is used as both a diagnostic criterion and an outcome
measure in this series of studies. Thus it is important that palpation is
both a reliable and valid test for patellar tendinopathy. Palpation is a
reliable test, but not necessarily a valid diagnostic test for this
condition,30 as it does not correlate with either imaging changes or
symptoms.

Therefore there is not specific criterion for the diagnosis of patellar
tendinopathy, and the criteria used in future studies should include
multiple subjective and objective tests, be well described in the paper,
include symptoms with objective muscle testing, the pain
documented on a pain map and diagnostic imaging (either magnetic
resonance imaging or diagnostic ultrasound).

Length of symptoms

Length of symptoms before intervention also varied widely, some
studies excluding those tendons with long-term symptoms (subjects
in the study had symptoms of less than five days31) whereas other
studies excluded those with short-term symptoms (subjects in the
study had symptoms > six months14). It could be argued that these
two opposing exclusion criteria are therefore investigating subjects
with different conditions.

Those studies that exclude long-term symptoms risk including
tendons without overuse tendinopathy, and the efficacy in these
studies (using anti-inflammatory intervention) may be because a
true tendinopathy does not exist and because of an inflammatory
component to the subjects pain. Combined with the poorly
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documented and restricted diagnostic criteria, it is possible that
these subjects do not have tendon mediated pain. Short-term tendon
pain (what this is pathologically is unknown) is not a management
problem as it appears from this series to respond well to anti-
inflammatory medication. Studies of treatment efficacy should be
directed at those tendons that have long-term symptoms, as it is these
tendons that constitute the difficult to manage group.

Study numbers

Four studies (see Appendix 22.1, Tables 22.1 and 22.2) that
examined the effect of corticosteroids on tendinopathy used subjects
with symptoms in several body sites. The percentage of patellar
tendon subjects in these studies was between 2% and 37%. This may
make the conclusions drawn about effectiveness of corticosteroid less
valid for patellar tendinopathy.

In the remaining studies the subject numbers were relatively small,
only one study had greater than 100 subjects, the remaining studies
had less than 50 subjects. It is possible these studies would have a type
2 statistical error. No studies report making a prior estimate of patient
numbers required to demonstrate statistical power.32

Study length – treatment and followup

The treatment protocol was very short in most studies (< three weeks
in six studies), with the exception of those studies investigating exercise
as an intervention (six to eight weeks). Only one study extended the
follow up beyond the end of treatment,21 where subjects were evaluated
12 months after treatment was completed. As patellar tendinopathy is
a recurrent condition,33 these studies provide no evidence that there is
any long-term efficacy for any of these treatments.

Outcome measures

Outcome measures are all subjective in patellar tendinopathy, as
objective outcome measures for patellar tendinopathy have only
recently been developed. Authors used unvalidated26 or adapted knee
pain scales,16 scales not specifically designed for tendinopathy,18 or
generic tendon scales34,35 that are not necessarily appropriate or
specific for the patellar tendon.

The use of palpation as an outcome measure raises similar problems
in its use as a diagnostic test for patellar tendinopathy. There is no
evidence that tenderness to palpation is a valid outcome measure. The
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use of a gauge to standardise and quantify palpation tenderness36 may
improve the validity of this outcome measure, however normative
data in tendons are required.

The outcome measure used in most surgical papers is based on that
first reported by Kelly et al.22 This scale lacks specificity and sensitivity
in quantifying outcome after treatment for patellar tendinopathy for
several reasons (see Box 22.1). These criticisms are equally applicable
when this scale is used as an outcome measure in conservative
treatment papers.

Box 22.1 Deficiencies of the widely used functional
classification (excellent, good, fair, poor) to assess surgical
outcome

1 Outcome category is based on subjects’ perceptions of pain and “return
to preinjury level of activity”. However, this latter statement has not been
clearly defined. Thus, to be defined as having “returned to preinjury level
of activity” it remains unclear whether subjects must:

• return to sport at the same level (recreational, national etc). It is easier
to return to a former recreational level than a former national level

• undertake the same weekly hours of sport. After patellar tenotomy
patients often decrease weekly duration of exercise, regardless of
outcome, for fear of recurrence

• remain at a “preinjury level” for a certain amount of time. One year of
sport at preinjury level is clearly superior to one week

• recommence exercise in the same or similar sport. Not uncommonly,
subjects may choose to take up a sport that imposes less stress on
the patellar tendon, such as kayaking – it can be difficult to categories
these subjects.

2 Poor discrimination. Patients within each of the good and fair outcomes
can have widely varying symptoms and function. For example, an athlete
who has returned to preinjury level of activity but requires regular time off
from training and medication to perform is considered “good”, which is
the same as a patient who is virtually painfree except for mild pain after
particularly strenuous activity.

3 The term “minimal decrease” in activity (defines fair) is very subjective.
Does this mean one level of competition lower, fewer hours per week, or
some other limitation?

4 Categories are not exhaustive. Patients reducing their level of sport or
retiring completely, for reasons not directly related to their injury (for
example family, work or social commitments), cannot be satisfactorily
categorised.

Reproduced from Coleman et al. Scand J Med Sci Sports 10, 2000. With permission
from Munksgaard International Publishers Ltd. Copenhagen, Denmark.



Concurrent treatment

Most of the studies had either controlled15,16 or uncontrolled26,37

treatment during the study period that may have influenced outcome.
Uncontrolled exercise was not described, as prescription was based on
the individual response to treatment. Only three studies20,31,38 specifically
requested their subjects refrain from other treatments and exercise.

Conservative treatment

Studies of patellar tendinopathy have been consistently reported in
the literature for 30 years. Many of these studies have suggested that it
is resistant to treatment and recurrent in nature.33 Similarly, many
authors suggest the need to exhaust conservative treatment options
before proceeding to surgery.7,39 Despite this, there are only three
studies that have investigated conservative non-pharmaceutical
intervention. Those that examined the role of anti-inflammatories in
treatment of patellar tendinopathy have had widely different selection
criteria for subjects, mode of delivery of medication and outcome
measures. Hence more studies on the conservative treatment of patellar
tendinopathy are needed.

Studies on the conservative treatment of patellar tendinopathy are
difficult to design and implement, as the subjects are often elite, young
sportspeople, and need to return to their activity as soon as possible.26,37

Research design for future studies should ask if investigations should be:

• broad in nature or investigate specific research points
• be clinically appropriate or research specific
• be comparative or controlled.

Irrespective of the answers to these questions, the studies need to
have as a minimum a prospective research design that includes
randomisation. However, any study that improves the knowledge
base in this area is important, and the subject group that has patellar
tendinopathy may demand studies that are immediately clinically
relevant.

Based on the literature reviewed for this paper, it is impossible to
suggest that any one conservative treatment is more appropriate than
any other to treat patellar tendinopathy.

Surgical treatment

No studies on the surgical treatment of patellar tendinopathy fully
met the criteria outlined in the methods section. When prospective
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studies were included, only three surgical studies were appropriate to
review, all with relatively small subject numbers. None of the studies
offers great insight as to the effectiveness of surgery on this tendon.
In these three studies the excellent and good outcomes were 100%,14

73%40 and 62%.6

The paper by Khan et al40 had imaging as primary outcomes and
does not clarify treatment options other than to describe rather
mediocre results in that particular cohort. The study by Panni et al14

reports the success of surgery in all his subjects and complete recovery
in muscle strength, although the technique of measuring this is not
documented fully. The study by Testa et al6 appears most effective in
the mid-tendon tendinopathy, a clinical and imaging phenomenon
seen much less often than pathology and pain at the insertions of the
tendon. Hence the clinical relevance of this procedure may be low.

Coleman et al41 reviewed 25 patellar tendon surgery papers and
identified the methodological flaws in many of them. Their criticims
of the literature included:

• the nature of the studies (mainly retrospective case series)
• bias in subject recruitment and data collection
• poor outcome measures (based on the Kelly system)
• the post operative regimes (variable).

Similar to conservative treatment, the literature does not offer any
indication of the effectiveness or otherwise of surgical treatment of
patellar tendinopathy.

Recommendations

Carefully conducted randomised trials of both conservative and
surgical treatments are needed. Conservative treatment needs
clarification of the best strength protocols for this condition. Ideally,
these trials should not be based on isokinetic machines. Surgically,
there is a need to compare surgical techniques, to identify if the
outcome of any one technique is superior to another. Outside of
treatment, the identification of risk factors for patellar tendinopathy
also needs investigation, as early intervention may decrease the
morbidity of this condition.

We recommend the wider use of quantifiable subjective measures
designed for this condition like the VISA scale25 in future studies. For
between study comparison, the use of the 11-point or 100-mm VAS is
also recommended.

An objective test for knee extensor pain that uses squats on a 25
degree decline board has recently been developed.42 This improves the
specificity of the squat as the decline decreases the contribution of the
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calf muscle and passive ankle structures to the control of the squat.
This study showed that the single leg decline squat was a superior
objective test for patellar tendinopathy to either normal squat, step
ups or double leg tests. The development and testing of more
objective tests is also recommended.

Conclusions

Patellar tendinopathy affects athletes in many sports and at all
levels of participation, but has a particular affinity to elite, jumping
athletes. These athletes can endure months of frustratingly slow
rehabilitation, with treatment based on little else other than the
treating practitioner’s personal experience. Despite the limitations in
the literature, there has been no adequate investigation into the
conservative or surgical treatment of patellar tendinopathy.

The studies examined in this review indicate that it is impossible to
recommend any treatment for this condition. Although many reviews
recommend a trial of conservative treatment before proceeding to
surgery, this is based solely on clinical expertise and traditional
thought. Similarly, there is no data to suggest that any one surgical
treatment offers a better outcome than any other, and all surgical
techniques require further investigation.

Until many more studies are completed, both athletes and clinicians
will remain frustrated with the limited treatment options that have
been shown to have a beneficial effect on patellar tendinopathy.

Summary: Recommendations for further studies

Objective diagnostic criteria Imaging (US, MR) Pain map, functional tests
Subjective outcome measures VISA scale, 100 mm VAS
Objective outcome measures Decline squat
Length of symptoms > 3 months
Follow up Extended beyond the end of the study

Key messages

Treatment of patellar tendinopathy is empirically based
The long-term efficacy of treatment is unknown
Exercise based conservative treatment appears the most appropriate
treatment
Short-term tendon pain responds well to anti-inflammatory medication
Longer-term tendon pain responds better to injected anti-inflammatory
medication
Surgical treatment of patellar tendinopathy has no evidence-base
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Sample examination questions

Multiple choice questions (answers on p 562)

1 The diagnosis of patellar tendinopathy is ideally based on

A palpation tenderness
B changes on imaging
C history of the condition
D functional tests
E all of the above

2 Anti-inflammatory medication in the treatment of overuse patellar
tendinopathy is

A indicated because of the nature of the pathology
B rarely indicated
C best applied topically
D effective in long-term tendon pain
E none of the above

3 Conservative treatment of patellar tendinopathy is

A based on good scientific evidence
B best based on exercise
C best based on massage
D ineffective

Essay questions

1 Describe the evidence that supports the use of anti-inflammatories
in patellar tendinopathy. Include the pathology and the evidence for
and against the use of these agents.

2 Is surgery an effective intervention for patellar tendinopathy?
Discuss the limitations of the research to date.

3 An elite volleyball player presents with anterior knee pain
exacerbated with training and now interfering with his capacity to
play. He recalls a similar episode of pain last season that settled
after the season finished. He has been recommended to rest for
tow weeks and take anti-inflammatory medication and if that
doesn’t work all his mates have had corticosteroid for a similar
condition. What are the important diagnostic considerations and is
he undertaking the best course of treatment?
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Section 6
Injuries to the lower leg





23: How evidence-based is
our clinical examination
of the ankle?
C NIEK VAN DIJK

Introduction

Supination injuries of the ankle ligament are among the most
common injuries. They account for about 25% of all injuries in the
musculoskeletal system. The most commonly injured part of the
lateral ligament complex is the anterior talofibular ligament.
Although ruptures of the ankle ligaments are very common,
treatment selection remains controversial. In a recent systematic
review of the available literature, it was found that treatment for an
acute lateral ligament rupture that was too short in duration or that
did not include sufficient support of the ankle joint tended to result
in more residual symptoms. It was concluded that a no-treatment
strategy for acute ruptures of the lateral ankle ligament leads to more
residual symptoms.1 After a supination trauma it is therefore
important to distinguish a simple distortion from an acute Grade II or
III lateral ankle ligament rupture, since adequate treatment is
associated with a better prognosis. Because of the suspected poor
reliability of physical diagnosis of ligament ruptures after inversion
trauma of the ankle, stress radiography, arthrography, MRI and
sonography are often performed simultaneously.2 However, these
methods are expensive and their reliability is also debated. 

Comparison of physical diagnostic features in one trial

The accuracy of physical examination has been determined in a
series of 160 patients, comparing physical examination within
48 hours of the injury and five days after injury.3,4 All patients had
arthrography, but the outcome was not disclosed to the patient or
the investigator until after the second delayed physical examination.
The specificity and sensitivity of the delayed physical examination
for the presence or absence or a lateral ankle ligament rupture were
84% and 96% respectively. It is therefore concluded that a precise
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clinical diagnosis is possible. The most important features of physical
examination are swelling, haematoma discoloration, pain on
palpation and the anterior drawer test. Physical examination is
unreliable in the acute situation because of the pain: the anterior
drawer test can not be adequately performed. Moreover there is
diffuse pain on palpation and it is often difficult to judge whether  the
cause of the swelling is oedema or haematoma. A few days after
trauma, the swelling and pain have diminished and it becomes
obvious if the cause of the swelling was oedema or haematoma. The
pain on palpation has become more localised and the anterior drawer
test can now be performed. The site of pain on palpation is important.
If there is no pain on palpation on the anterior talofibular ligament
(ATFL), there is no acute lateral ligament rupture. Pain on palpation
on the ATFL in itself cannot distinguish between a rupture or a
distortion. Pain on palpation in combination with haematoma
discolouration however has a 90% chance of acute lateral ligament
rupture. A positive anterior drawer test has a sensitivity of 86% and a
specificity of 75%. It is sometimes possible to detect the occurrence of
a skin dimple when performing the anterior drawer test. If a skin
dimple does occur during the anterior drawer test, there is a high
correlation with a rupture of the lateral ligaments (PV 94%). A skin
dimple will occur however in only 50% of patients with a lateral ankle
ligament rupture.5 A positive anterior drawer test in combination with
pain on palpation on the ATFL and haematoma discolouration has a
sensitivity of 96% and specificity of 84%. It has been demonstrated
that the interobserver variation for the delayed physical examination
is good with an average kappa of 0·7.4

Meta-analysis

Materials and methods

A systematic literature search was performed for trials of various
diagnostic modalities in acute ankle sprains. Only trials that used
operative treatment or arthrography as “gold standard” to verify the
accuracy of a test were used. The search was performed using
Medline, Embase and Cross Bibliographic Checks of the literature
from 1966 till 2000. 

Outcome measure

The diagnostic odds ratio was used as outcome measure.
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Data and analysis

Data were plotted on the ROC space and were analysed using Meta
Tests Software.

Results

A total of 41 studies were selected of which 23 had been excluded
because operation or arthrography were not used as “gold standard”,
because of unclear or poor randomisation design or because not
enough data were available to calculate sensitivity and/or specificity.
The results of the various diagnostic modalities will be published.6

Concerning delayed physical examination, the sensitivity and
specificity for the anterior drawer test (ADT) are respectively 85 and
79%.7 For haematoma discolouration the sensitivity is 88% with a
specificity of 78%. Pain on palpation just anterior from the lateral
malleolus has a sensitivity of 98%, with a specificity of 7%.
Combination of findings at delayed physical examination (pain on
palpation, haematome discolouration and ADT) leads to a sensitivity
of 96% and specificity of 84%.

Discussion

Until the 1960s physical examination was used to distinguish
between a distortion or a lateral ankle ligament rupture. Physical
examination was thought to give an unreliable outcome8–14 which
resulted in the development of stress radiographs. Stress radiographs
have shown a poor reliability with a sensitivity of 50% and a
specificity of 96%. In the seventies operative treatment became the
treatment of choice. Since stress radiographs were found to be
unreliable, arthrography of the ankle was introduced.15–17

Arthrography is an invasive examination and therefore not without
risks. Potential complications are: bacterial arthritis, allergic reactions
or chemical arthritis.

Concerning treatment, in the 1980s functional treatment was
found to be cost effective. This lead to the development of new
non-invasive investigations such echography and MRI. Most recently
delayed physical examination became available. Delayed physical
examination, four to five days after injury has determined to be the
most reliable diagnostic strategy with a sensitivity of 96% and a
specificity of 84%.7 The interobserver variation of this strategy has
proved to be good, while it also proved to be cost effective.18

Clinical examination of the ankle

447



When a diagnosis has been made it is generally agreed, that
non-operative treatment with early functional rehabilitation is the
treatment of choice.2 A recent meta-analysis showed operative
treatment to be superior to functional treatment.1 There are reasons to
question the selection of operative treatment as a treatment of choice.
Operative treatment is associated with increased risk of complications
and is also associated with higher costs. Because of the high
prevalence of ankle injuries, operative treatment may be performed
by surgeons in training, which may affect the outcome. Finally, when
conservative treatment fails, secondary operative reconstruction of
the elongated ligaments can be performed with similar good results,
even years after the initial injury.19 Functional treatment therefore
remains the treatment of choice.

Application of an inelastic tape bandage is only effective when it is
applied at the moment that the swelling has diminished. This kind of
treatment is cheap and not a burden to the patient. The same is true
for the delayed physical examination. Before the decision is made to
apply the inelastic bandage or a lace-up support, a delayed physical
examination must be performed to come to a diagnosis and to decide
whether this treatment is really necessary.

Does performing of an anterior drawer test, four to five days after
injury, disturb wound healing? Cell lyses, granulation and phagocyte
activity take up to six days to occur after injury and fibroblasts start
to grow into the wound at five days. Subsequently collagen grows
along a fibrin mesh. After 10 days the defect is filled with vascular
inflammatory tissue.20,21 Performing an anterior drawer test four to
five days after trauma will therefore not disturb wound healing.

Delayed physical examination provides a diagnostic modality with
a high sensitivity and specificity. This strategy has been confirmed to
be the strategy of choice in a recent editorial in the British Journal of
Bone and Joint Surgery.22

Sample examination questions

Multiple choice questions (answers on p 562)

1 The diagnosis of acute lateral ankle ligament rupture is based on

A result of physical examination
B result of physical exam + stress X-rays
C result of physical exam + arthrography
D result of physical exam + echography
E stress X-rays, arthrography or echography
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2 The outcome of physical examination for detection of an acute
lateral ankle ligament rupture is based on 

A inspection
B palpation
C manual anterior drawer test
D A + B + C
E Talar tilt test

3 The best available treatment for an acute lateral ankle ligament
rupture is

A supervised neglect (= no treatment)
B elastic support
C inelastic tape bandage
D brace
E operative treatment

Clinical examination of the ankle
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Summarising the evidence

Comparison Results Level of
evidence*

Delayed physical examination 3 CTs all of moderate large A1
versus arthrography size proved no difference

in outcome
Physical examination < 48 5 CTs, 2 of large size pooled A4

hours versus arthrography in favour of arthrography

* A1: evidence from large RCTs or systematic review (including meta-analysis) †

A2: evidence from at least one high quality cohort
A3: evidence from at least one moderate sized RCT or systematic review †

A4: evidence from at least one RCT
B: evidence from at least one high quality study of non-randomised cohorts
C: expert opinions
† Arbitrarily, the following cut-off points have been used; large study size: ≥ 100
patients per intervention group; moderate study size ≥ 50 patients per
intervention group.
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24: Is taping helpful for
ankle sprains?
MICHAEL J CALLAGHAN

Introduction

Athletes from many sports consider taping and bracing to be
important procedures in the acute and chronic phases of an ankle
injury. Indeed, many sportspeople consider ankle support to be
essential to their performance with the corollary that their
performance may suffer without such support. Most of the literature
regarding the efficacy of taping and bracing focuses on its use on the
ankle joint. This is due, in part, to ankle sprains being the most
common injury in the sports context1 with the incidence varying
from 10%–30% of all musculoskeletal injuries.2 In a soccer season,
players are liable to a 25% incidence of ankle sprain if they have had
a previous sprain and 11% if they were previously problem free.3 It
may also be because it is easy to measure the effects of tape and braces
on range of motion, gait, functional and muscle performance.4

Ankle support is used to control swelling and range of motion in
the acute stage, and to provide support or stability to the ligaments
and joint in the chronic stage when the athlete returns to sport.
However, the use of different taping techniques and braces is also
dictated by considerations of cost, comfort, ease of application,
personal preference, age and the type of sport.5 Physiotherapists
and other personnel who apply tape and braces to athletes need to
be aware of the evidence for and against the use of both these
methods. In this way, rehabilitation procedures post ankle injury or
prophylactic advice can be applied more scientifically.

This chapter sets out to review the literature regarding taping and
presents the scientific evidence available to suggest why taping helps
support ankles and prevents ankle sprains. It also considers the role of
ankle braces which increasingly are being investigated and used
instead of taping.

Methods

Computerised searches were performed using Medline, Excerpta
Medica and CINAHL for studies published between 1966 and 2001.
Only English language publications were considered. Key words used
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alone or in combination were: ankle sprain, taping, orthosis, brace,
inversion injury, rehabilitation, athletic performance, proprioception,
peroneal muscle. Other references were identified from some existing
reviews and from other papers cited in the publications searched. There
were also some other papers found in the author’s personal collection. 

Anatomy and pathomechanics

The acute lateral ankle sprain is generally accepted to be the most
common sports related ligamentous injury6 accounting for 85% of all
sprains.2 This results in damage to the lateral ligament complex with
the anterior talofibular ligament being most often damaged; this is
probably because it has the weakest tensile strength of the lateral
complex.6 The most common mechanism for an ankle sprain is
excessive inversion usually accompanied by slight plantarflexion and
some internal rotation. Some sports like basketball and volleyball
have high ground reaction forces when players land from a high jump
that accentuates the sprain and the rate of injury. This accounts for
these sports having 2·5 times more ankle injuries than walking or
hiking.7 Other studies have reported ankle injuries in terms of their
incidence per 1 000 hours of exposure. There was an injury rate
during volleyball matches of between 2·6 per 1 000 hours8 and 3·2
per 1 000 hours.9 These were compared with 1·2–2·0 incidents in
football (soccer),10 and 2·5–2·9 incidents in basketball.11

Taping technique

The taping technique used by athletes and physiotherapists is
often governed by personal preference, the experience of the person
applying the tape and a general “feel” as to the correct technique. This
may be due, in part, to the lack of comparative studies between the
different taping techniques.

Rarick et al12 investigated the resistance provided by different zinc
oxide techniques on plantarflexion and inversion of the ankle. After
10 minutes of vigorous exercise they found the greatest tensiometer
readings of mean resistance were offered by a basketweave with
stirrup and heel lock technique, closely followed by basketweave and
heel lock. Frankeny et al13 compared four zinc oxide taping techniques
(“Hinton-Boswell”; basketweave; “basic”; “Gill”) with an unspecified
brace and an untaped group. By analysing their resistance to
mechanical inversion, they concluded that the Hinton-Boswell
method (in which the ankle is taped in a relaxed plantarflexed
position) provided greatest resistance to inversion. They speculated
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that this may be due to a combination of factors such as mechanical
limitation, kinaesthetics and the subconscious effect on the athlete.
Metcalfe et al 199714 compared zinc oxide closed basket weave with
heel locks and figure of eight, reinforced with moleskin tape to a
Swede-O-Universal brace. Motor performance tests were worse than a
control condition but there were no differences between the 3
methods in terms of Talocrural and subtalar ROM. Whereas these
three studies could be classed as “in vivo” work, Pope et al15 used a
model construction of an ankle to perform, in effect, an “in vitro”
study of different taping techniques. They measured the ability of the
2·5 cm zinc oxide tape to resist applied torque, angular deflection and
“stiffness” – the latter being calculated by dividing torque by angular
deflection. They found angular deflection greater than eight degrees
was prevented by a figure of eight plus stirrup technique; torque load
to 420 Nm was withstood by a figure of eight with three wraps
technique; the stiffest configuration was found to be a figure of eight
plus stirrup technique. Although the authors conceded that there
were many dangers in extrapolating their results to the human ankle,
it indicated the amount of force needed to make tape fail.

Summary: Advantages of taping over brace

• Individually applied
• Less bulky than brace
• Athlete’s preference
• Caters for unusual anatomy
• Accommodates swelling

Bracing

Ankle braces have advantages over tape in being self applied
without needing the expertise of qualified personnel, convenient to
apply and remove,16 reusable, readjustable, and washable. There are
also less skin problems especially amongst those athletes who suffer
from allergic reaction to Elastoplast or zinc oxide. These ready made
braces are made of various materials thus providing varying amounts
of support and stability and are often broadly differentiated as “non-
rigid” or “semirigid”. The non-rigid braces are often of canvas or a
neoprene type material that can easily be slipped on and off, some
with additional lacing. The semirigid braces mostly consist of bi-
malleolar struts made of thermoplastic materials attached by velcro
straps. A number of studies have established the role of braces in
restricting the amount of movement, especially inversion at the
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ankle, on healthy uninjured athletes. These studies have measured
the effects of braces such as the non-rigid “Nessa ankle support” and
“Leuko functional ankle brace” on inversion in 42° plantiflexion after
40 minutes’ exercise17; the non-rigid “Subtalar stabiliser” on calcaneal
inversion after 15 minutes’ vigorous exercise18; and on inversion
eversion total motion using the semirigid Aircast airstirrup19,20; the
semi rigid Donjoy ALP21 and the non-rigid canvas Swede-O-Universal
brace. All these studies found significant reduction (p < 0·05) of ankle
movement after applying a brace. However, it is important to note that
the Swede-O-universal brace could be converted to a semirigid type by
sliding plastic struts in the side pockets on the brace. The authors do
not stipulate which version they used.

A recent meta-analysis22 evaluated three classifications of ankle
support: semirigid brace, non-rigid brace and taping for limitation of
all movements of the ankle in healthy individuals. The analysis
revealed that semirigid braces could limit ankle inversion by nearly
45% over the non-rigid brace and taping. This restrictive support was
maintained after exercise by the semirigid brace. Nevertheless, the
authors contended that the tape and non-rigid brace offer a
compromise between restriction and mobility that may be beneficial
for some sports people.

Figure 24.1 Zinc oxide tape applied over underwrap.
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Summary: Advantages of brace over taping

• Minimal expertise needed
• Washable and re-usable
• Re-adjustable
• Non-allergic
• Cost-effective

Taping and bracing for acute ankle sprain

After an acute ligament sprain of the ankle compressive strapping is
often recommended and applied to control oedema.23 Very few studies
have been published to evaluate the efficacy of taping to achieve limb
or joint compression. Capasso et al24 compared the effect of adhesive
and non-adhesive tape on swelling. This study measured the
compressive forces of each type of tape by using a sphygmomanometer
cuff included in the taping. They concluded that non-adhesive tape
should be renewed after three days due to insufficient compression but
adhesive tape could last five days before renewal. However, this
method had been criticised in earlier work by Viljakka25 as being an
inexact method of measuring swelling. The latter study25 used a plastic
fluid chamber as measurement and compared Elastoplast and
Tensoplast with various padded and elastic bandages. In ankle taping,
the most significant decrease in pressure was found after 15 minutes’
walking and thereafter stayed constant, concluding that the padded
adhesive or elastic bandages were the most suitable for bandaging the
ankle. Rucinski et al26 used a randomised controlled trial to compare
30 minutes of treatment from either elastic wraps (n = 10) or a flowtron
intermittent compression boot (n = 10) or simple elevation (n = 10) to
reduce oedema post acute ankle sprain. Volumetric measures showed
flowtron and ankle wraps methods actually increased ankle oedema
whereas elevation had significantly less.

The role of an ankle brace in controlling oedema after acute ankle
sprain was investigated by Stover27 using the Aircast airstirrup. Wishing
to highlight the brace’s “milking effect on edematous tissues”, he
noted that the brace with its inner airbag exerted 25 mmHg pressure
which increased to 50 mmHg when weight bearing and 75 mmHg in
full dorsiflexion.

Further studies using ankle bracing or taping after acute injury
include several randomised controlled trials comparing ankle bracing
or taping with surgery,28,29 partial weight bearing,30 immobilisation,31

compression or elasticated bandages.16,32,33 The evidence from these
studies points to short term improved function and a quicker return
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to work compared with immobilisation or compression bandages and
equal long-term efficacy compared with surgery.

Summary: Advantages of ankle tape and braces

Reduce re-injury rate
Improve proprioceptive ability
Have no negative effect on most performance tests
Have little negative effect on other joints

Injury prevention

Epidemiological studies have tried to establish the ability of tape and
braces to prevent an acute ankle injury over a playing season or year.
Interventions for the prevention of ankle ligament sprains have been
subject to a Cochrane review34 using the musculoskeletal injuries
group’s specialised register. The main finding of this review was a
significant reduction in the number of ankle sprains in people allocated
an external ankle support. This reduction was even greater for those
with a previous ankle sprain. The most commonly cited study on injury
prevention is that of Garrick and Requa1 which studied the effect of
taping on 2 563 basketball players with previous ankle sprains over two
successive seasons. They observed that a zinc oxide stirrup with
horseshoe and figure of eight technique in conjunction with a high
support basketball shoe gave an injury incidence of 6·5/1 000 games.
The untaped players with the same shoe had an incidence of 30·4/1 000
games. Taping with a low support shoe gave an injury incidence of
17·6/1 000 games. From these data they concluded that taping had a
protective influence for preventing ankle sprains, although the role of
high or low top shoes in helping stability is unclear.35

Ankle braces may also lead to a reduction in the incidence and
severity of acute ankle sprains in competition.8 For example,
basketball players have evaluated a semirigid ankle brace in this
context.36 An Aircast stirrup was compared to a control group in 1601
players over two years. It was calculated that the brace significantly
reduced the frequency of ankle injury; the players without the
orthosis had three times the risk of ankle injury. Tropp et al3 studied
the effect of ankle brace on 450 soccer players over a six month period
compared to a proprioception programme and control group. In
previously uninjured players the incidence of ankle sprain was 3% for
bracing, 5% proprioception training, 11% controls. However, if a
player had previous ankle injuries, the incidences were 2% for
bracing, 5% proprioception and 25% controls. This indicated that
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both proprioception training and bracing had significant effect on
lowering the incidence of ankle sprains, especially if the ankle had been
previously sprained. The preventative effect of braces on sprains in
soccer players was confirmed by a later prospective, randomised study
using a large sample of 600 players.37 This finding (also noted in
laboratory studies38) was thought to be due to improving the defective
stabilisation of the peronei muscle group. A retrospective cohort study
over a five year period on female soccer players further confirmed the
effectiveness of bracing in reducing ankle sprains.39 Although the
studies reviewed provide important information regarding efficacy of
tape or a brace, criticisms have been made regarding study design,
external validity, confounding variables and sample size.36 These should
also be considered before selecting the appropriate technique or device.

Other studies have made a direct comparison between traditional
taping methods and ankle braces in the prevention of acute ankle
sprain. Rovere et al40 conducted a retrospective study over a seven year
period on 297 American footballers which concluded that, compared
to taping, an apparently non-rigid (but not specified) lace-up ankle
brace halved the risk of ankle sprain injury. They speculated that this
may be due to the athletes being able to readjust the tension of the
brace regularly during exercise. The benefits of ankle bracing on
socioeconomic factors have also been shown when comparing
compressive bandaging to a semirigid Aircast airstirrup.32 Two
matched groups were treated for three weeks by either method after
an acute ankle sprain. The groups treated with the Aircast airstirrup
were more mobile in the initial phase of rehabilitation and had a
shorter sick leave. They also calculated that the cost of the semirigid
brace was regained after a half day earlier return to work. 

A recent Cochrane review up to March 1997 and amended in
January 2001 summarised the work on injury prevention. Quinn
et al41 identified five randomised trials fulfilling their criteria to look
at external ankle semirigid orthoses, Aircast braces or high top shoes.
There was good evidence that ankle sprains could be prevented by
ankle supports during sports like football (soccer) and basketball. The
reduction in injury was greater for those with previous ankle sprain.

Taping and bracing for chronic ankle sprain

The paucity of work published on the effects of tape and braces on
the acute ankle injury is in contrast to the plethora of research into
the effects of taping on the chronically sprained ankle. However,
extrapolating these results to the injured athlete is compromised by
the fact that a number of these studies have tested healthy subjects
with no musculoskeletal injuries. Tape and braces are applied at this
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stage when the athlete has recovered from the acute phase and is
returning to sport. Their use in the chronic phase addresses the
problem of ankle instability that can be divided into two kinds:
mechanical and functional.42

Mechanical instability

Preventing extremes of range of movement and reducing the
abnormal movement of the ankle is the most obvious role of ankle
taping. This has been commonly studied by researchers mostly by
non-weight bearing (NWB) range of motion or measuring mechanical
instability in the frontal plane (the talar tilt) using radiographs. Tape
has been demonstrated to reduce extremes of range of movement on
normal subjects after 15 minutes running over a figure of eight
course.43 On patients with proven mechanical ankle instability, a zinc
oxide gibney basket weave technique significantly decreased the
amount of NWB talar tilt.44,45 It was noted that those patients with the
greatest instability received the greatest benefit from the tape. Taping
has also been shown to limit talar tilt in full weight bearing (FWB) in
four judo players with chronic instability after 90 minutes’ training.46

However, these results should be regarded with caution as, unlike
other studies, they claim to have recorded zero degrees talar tilt after
taping was applied.

FWB investigations using kinetic and kinematic assessment
revealed that ankle tape did not alter loading patterns but did affect
sagittal ankle range of motion causing increased rotation about the
metatarsal heads.47

Although taping does seems to improve mechanical instability, it
has been shown that the restricting effect is lost after varying periods
of exercise. Rarick et al12 claimed that 40% of the effect of taping was
lost after 10 minutes of vigorous general circuit exercises. Frankeny
et al13 found similar values of reduction of approximately 50% after
15 minutes of standard vigorous exercises including jumping, pivoting
and running. Larsen45 recorded a 20% decrease after 20 minute’s
start/stop running on uneven ground and jumping. Greene and
Hillman48 found that a basketweave with heel lock and figure of eight
technique suffered 37% loosening in total passive range of motion
(P < 0·01) after 20 minutes of volleyball training; after three hours of
training the loosening worsened to 63%. Myburgh et al49 measured a
10%–20% restriction loss in all movements except dorsiflexion after
60 minutes of squash. One study made a direct comparison between
traditional taping methods and ankle braces49 which used an
electrogoniometer to measure and compare NWB restriction of ankle
motion with zinc oxide tape or Elastoplast against a simple non-rigid
elastic stocking type support. The zinc oxide tape was found to



restrict plantarflexion/inversion movement after 10 minutes of
squash. However, after one hour of squash there was no significant
difference between the tape or support. Studies on the semirigid
Donjoy ALP brace on normal subjects compared to tape have produced
contrasting results48,50. Gross et al50 performed NWB measurements
of the foot after 10 minutes’ running to reveal that both methods of
support provided equal and significant restrictions of inversion and
eversion. Interestingly, they reported that most of the subjects rated
the brace more comfortable than the tape. However, earlier work48

recorded no differences between the same brace and tape. The
contradiction may be explained by the different taping techniques
used in each study. In contrast, the semi-rigid “Swede-O-Universal”
and non rigid “Subtalar support” braces have been found to provide
better NWB restriction on plantiflexion, dorsiflexion, inversion and
eversion than taping after 15 minutes of activity.51 Similar superiority
over taping was recorded for the semi-rigid Aircast airstirrup on
normal subjects for passive inversion/eversion20 and for an
individually moulded orthosis (described as semi-rigid) on inversion
after 20 minutes’ exercise52 Similarly in injured athletes, a “Strong”
thermoplastic semirigid ankle brace significantly reduced talar and
subtalar motions of plantar flexion, inversion and adduction of
14 subjects with symptoms of chronic ankle instability.53 Kinetic and
kinematic analysis has been performed to examine the Aircast
airstirrup which was found to reduce the medilateral force component
and maximum calcaneal eversion angles. This moderation of gait was
considered to be within normal values for walking.54

It is this inability to maintain mechanical stability during exercise
that raises fundamental questions about the efficacy of taping and
bracing. It seems that tape and braces, however well applied, cannot
withstand the huge forces involved in an inversion ankle sprain.

Functional instability

More recently, there has been interest in the concept of functional
instability of the ankle and the role of taping and bracing to alleviate
it. Freeman et al55 described functional instability as “a term … to
designate the disability to which the patients refer when they say that
their foot tends to ‘give way’” (page 678). As a result, some authors
have investigated the protective role of taping and bracing on the
sensorimotor control or “proprioception” of the chronically injured
ankle.38,56–60. Proprioceptive control of the ankle (and thus the effect
of taping and bracing) can be measured by a variety of tests such as
peroneal reaction time, joint angle reproduction, and movement
threshold.61

Is taping helpful for ankle sprains?

459



Evidence-based Sports Medicine

460

Peroneal reaction time

The most commonly investigated muscle group is the peronei due
to their role in preventing ankle inversion, a position that causes the
majority of lateral ligament ankle sprains. Studies performed on
normal, healthy subjects act as a precursor to those on taping. Two
studies in particular indicate the importance of peronei function and
its role in preventing lateral ankle sprain.62,63 Konradsen and
Hojsgaard62 used electromyographic (EMG) assessment of peroneus
longus and brevis on nine patients running on a treadmill. Their
investigations concluded that the foot ankle complex requires an
inversion (supinated) position at the preheel strike phase of the
running cycle to stimulate the peronei to correct for inversion strain.
A further study63 simulated an ankle sprain by local anaesthetic
regional block. It established that whereas passive joint angle
reproduction was “virtually impossible” after the anaesthesia, active
angle reproduction and peroneal reaction time were far less affected.
It was concluded that a mechanically unstable ankle can be helped by
the peronei and other muscle activity. Later work by Feuerbach
et al64 made similar observations about active angle reproduction of
the ankle joint after anaesthetising two components of the lateral
ligament complex. 

When investigating the role of the peronei, experimental work on
patients with mechanically unstable ankles has revealed differences in
peroneal function when compared to control subjects. Trends, but no
statistically significant differences, have been found between the
peroneal response times of patients with ankle instability and control
groups.65,66 Comparisons between injured and good sides of patients
with chronic instability revealed reaction times of 68 ms versus
84 ms38 and 49 ms versus 65 ms,67 with the injured side having a
longer reaction time. The differences between the figures in the two
studies were probably due to dissimilar recording methods. Recent
investigations56 discovered that peroneal reaction time rather than
peroneal strength was a discriminating factor following ankle sprain.

Other studies have given further insight into the complexity of
functional instability of the ankle and the effect of tape. Glick et al,56

using EMG analysis in running, found that ankle taping allowed the
peronei group to contract for a longer period of time at the preheel
strike stage in four mechanically unstable ankles.

Karlsson and Andreasson38 used a trapdoor mechanism on 20
subjects with chronic ankle instability and found that the Gibney
basketweave technique significantly shortened the reaction time of the
peronei group, thus bringing it closer to times on the normal side.
They also noted that the more unstable the ankle, the greater the
improvement. 
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Angle reproduction and joint position sense

One of the most widely used methods for measuring proprioception
of the ankle involves joint position sense.68

Jerosch et al57 compared two types of brace and a closed Gibney
basketweave taping technique with figure of eight supplementation
on 16 unstable ankles. Although they found significant differences in
inversion angle reproduction pretest between stable and unstable
ankles (thus concurring with Lentel et al58 that taping did not
significantly improve this), the authors were unable to offer an
explanation for this finding. Refshauge et al69 found that zinc oxide
type stirrups with heel lock taping did not improve the dorsiflexion
or plantarflexion angle reproduction of normal or recurrently
sprained ankles. Their results seemed to indicate that muscle afferents
compensate for loss of proprioceptive input from joint receptors
damaged during an ankle sprain. They also acknowledged that the
taping used was to restrict movement in the frontal rather than
sagittal plane. 

The Aircast airstirrup has also been shown to facilitate joint
proprioception in uninjured ankles with an anaesthetised lateral
ligament complex. This improvement in joint position sense was
thought to be due to the stimulation by the brace of the cutaneous
receptors in the foot and shank that may have increased the afferent
feedback.64

These studies assume that assessing ankle proprioceptive function
with non-weight bearing or open kinetic chain position indicates that
such methods of support will prevent trauma to the ankle and foot in
the full weight bearing or closed kinetic chain position. Some studies
have addressed this problem by comparing braces with taping in the
full weight bearing position.

Hamill et al60 using kinetic and kinematic analysis compared a
Gibney basket weave with an unspecified brace and observed no
significant differences between the two types of support concluding
that neither tape nor brace affected foot motion. Functional full
weight bearing outcome measures were recorded on healthy subjects
comparing a lace up brace, the Aircast airstirrup and a taping
technique.57 Braces were found to improve the proprioception and
functional capability of the injured and normal ankles whereas the
taping technique had no effect. Full weight bearing video analysis has
been performed to compare the effect of a zinc oxide tape to various
braces on dorsi and plantarflexion of the ankle.70 Only the Donjoy
ALP brace affected sagittal plane range of motion.

Ashton-Miller et al71 constructed an apparatus for full weight bearing
ankle assessment. They showed that if the peronei are not being
recruited sufficiently to resist an inversion injury then either ankle
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taping or bracing will improve resistance to ankle inversion.
Nevertheless, properly activated and functioning evertor muscles
were the best way to protect the ankle against inversion injury at heel
strike.

Proprioception has also been evaluated by postural sway and single
leg balancing tests. Robbins et al59 evaluated taping on estimation of
perceived direction and amplitude on surface slope in full weight
bearing. In contrast to Jerosch et al,57 they concluded that ankle
taping did improve foot position awareness and so may have a role in
the prevention of ankle sprain in athletes.

Potential negative effects of taping and bracing

Although, to date, there has not been a specific study on the
subject, there is little evidence to support the belief that long term use
of both forms of ankle support may result in detrimental effects to the
tissues around the ankle or joints within the kinetic chain.72 Garrick
and Requa,1 found no increase in the frequency of knee sprains
occurring as a result of using a high topped shoe and prophylactic
ankle taping. They further commented that the increased likelihood
of an ankle support causing a knee injury was overshadowed by the
protection that the ankle support offered. A similar claim was made
by Glick et al56 but with little supporting data. Other studies have used
kinetic and kinematic analysis to evaluate the potentially negative
effects of taping of the ankle. Contradictory results have shown that
ankle taping can have disadvantageous secondary effects around the
metatarsal heads in walking47 or that neither taping nor bracing
causes any alteration in foot motion in running.60

In addition to adverse effects on the lower extremity, it has been the
opinion of some researchers that the potential benefits of wearing
ankle braces in order to prevent ankle injury must be weighed against
the possible detrimental effect on actual performance of the athlete.73

The consensus is that the various braces available have little
detrimental effect on sprint or agility tests but there are contradictory
results regarding vertical jump tests (Table 24.1). These contradictory
results may be due to study differences of sample size, types of sports
analysed, age and proficiency of the athlete selected.

MacKean et al73 considered functional performance between zinc
oxide tape and three types of semirigid brace: Aircast airstirrup;
Swede-O-Universal; Active ankle training brace. It was one of the
few studies to assess metabolic cost of these types of support and
found that the Aircast airstirrup increased both VO2 and energy
expenditure.



Is taping helpful for ankle sprains?

463

Effects of prewrap

For a number of years there were some reservations amongst
clinicians of the effects of prewrap or underwrap on taping. Two
recent studies have looked at the effects of prewrap on taping that
seem to have allayed these fears.

Manfroy et al74 used 20 healthy subjects to perform 40 minutes of
exercise and found no statistically significant differences in ankle
protection (as defined by experimental limitation of inversion
moments) between ankle taping with and without prewrap. 

Ricard et al75 used 30 healthy subjects to perform a bout of exercise
and also concluded that applying tape over prewrap was as effective
as applying it directly to skin. Measurements of the amount and rate
of dynamic ankle inversion were taken using a trap door inversion
platform apparatus.

Summary

The studies reviewed suggest that both mechanical and functional
stability of the ankle can be improved with taping. The restrictive

Table 24.1 Effect of orthoses on performance tests of vertical jump, sprint,
agility.

Author Orthosis Effect of orthosis on:

vertical jump sprint agility

Paris51 Swede-O-Universal No effect No effect No effect
McDavid No effect No effect No effect
New Cross Detrimental No effect No effect

Burks et al85 Swede-O-Universal Detrimental No effect
Detrimental No effect

Bocchinfuso et al92 Aircast Airstirrup No effect No effect No effect
Active ankle brace No effect No effect No effect

Robinson et al80 “plastic stiffeners” Detrimental
Greene and Donjoy ALP No effect

Hillman48

MacPherson et al89 Aircast airstirrup No effect No effect
Donjoy Rocketsoc No effect No effect

MacKean et al73 Swede-O-Universal Detrimental No effect
Active ankle brace No effect No effect
Aircast airstirrup No effect No effect

Greene and Wight21 Swede-O-Universal No effect
Donjoy ALP No effect
Aircast airstirrup Detrimental

Pienkowski et al90 Aircast airstirrup No effect No effect No effect
Swede-O-Universal No effect No effect No effect
Kallassy No effect No effect No effect

Verbrugge93 Aircast airstirrup No effect No effect No effect
Wiley and Nigg82 Malleoloc No effect No effect No effect
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effect is lost after short bouts of exercise which indicates that the
mechanical restriction of movement may be less important than the
neuromuscular and sensory mechanisms; the peronei muscle group
in particular has been implicated. Ankle braces are being used
increasingly by sportspeople as these devices are more convenient and
cost effective than tape. The majority of studies have shown that they
are superior to taping in restricting ankle movement without affecting
performance. Furthermore, they retain their restrictive properties for
longer periods after exercise, but have also been shown to have a
proprioceptive role. Both taping and braces have been shown to
prevent ankle sprains in basketball and football (soccer) players,
although there are issues of study design which should be considered
before applying tape or recommending a brace for the prevention of
ankle sprains. Applying tape over prewrap (underwrap) is as effective
as applying tape directly to skin.

Key messages

Ankle tape affects functional stability and mechanical instability.
Ankle braces have similar effects and can be a cost-effective substitute.
As a general rule taping loses its effect by 40% after 15–20 minutes.

Sample examination questions

Multiple choice questions (answers on p 562)

1 Which of the following is true: “Ankle taping is effective in…”

A improving ankle stability
B limiting extremes of ankle range of motion
C improving musculotendinous reflex contraction times
D helping ankle proprioception
E all of these

2 The percentage of acute ankle sprains that proceed to chronic
instability is:

A 0–10%
B 10–20%
C 20–30%
D 30–50%
E over 50%
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3 Put the following taping techniques in order of proven efficacy to
resist movement:

A figure of eight wrap
B basket weave
C basket weave with heel lock and stirrup
D basket weave with heel lock
E basket weave with heel lock and underwrap

Essay questions

1 What are the benefits of ankle taping for the subacutely sprained
ankle?

2 How do taping and bracing influence the proprioceptive function of
the ankle? 

3 Discuss the rationale in deciding to use taping or bracing on an
athlete with chronic ankle instability.

4 A 29-year-old badminton player presents with yet another
recurrence of an old ankle sprain. Discuss the role that taping or
bracing may play in the rehabilitation programme drawn up for this
player.

Summarising the evidence

Comparison/treatment Results Level of
strategies evidence*

Studies on subjects with 18 grade A A
ankle sprain 10 grade B B

5 grade C C
Studies on healthy,

non-injured subjects 3 grade A A
28 grade B B

* A: evidence from large, moderate or small RCT, systematic review or
meta-analysis. Evidence from high quality cohort study
B: evidence from high quality non-randomised cohorts who did or did not receive
therapy. Evidence from high quality case control studies or case series
C: Expert opinion
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25: Can we prevent ankle
sprains?
ROALD BAHR

Introduction

Ankle injuries are the most common injuries encountered with an
incidence of one per 100 000 inhabitants per day, accounting for
about 20% of all sports injuries. Ankle sprains occur with a high
frequency in sports characterised by running and jumping. In other
words, they are common in most sports, in contact as well as in
non-contact sports, and in team sports as well as in individual sports.
Most ankle injuries are moderate ligament sprains. With proper
functional treatment the patient can return to work or sport within
a few weeks or even a few days, and most injuries heal without
sequelae. However, some ankle sprains cause prolonged disability in
the form of persisting pain or instability.

The most important risk factor for ankle injuries is history of a
previous sprain. Sensorimotor control is reduced in athletes with
persistent instability complaints after injury,1–4 and even in the
immediate recovery period after an acute injury.5 This may account
for the several-fold increased risk of injury in athletes with previous
ankle problems.

The high rate of ankle sprains in and outside sports calls for
preventive measures, and the first attempts to prevent ankle injuries
were published by Quigley et al.6 in 1946 and Thorndike7 in 1956. The
objective of the present chapter is to examine the evidence that ankle
sprains in sport can be prevented.

Methods

This review was written using information from articles on the
prevention of ankle injuries identified through the Medline database
(1966 – September 2001) using “ankle injuries” and “prevention” as
keywords. The search identified 185 studies that were considered for
inclusion in the present review. A study was included if it met criteria
modified from Verhagen et al.8 as follows.

• the study contained research questions regarding the prevention of
lateral ankle ligament injuries 



• the study was a randomised clinical trial (RCT), a clinical trial, or a
cohort study

• the results of the study contained incidence rates of lateral ankle
ligament injuries as a study outcome.

Reference lists of included studies were also searched for relevant
original research studies. Five formal review papers on ankle sprain
prevention published within the last five years (1997–2001) were
identified in the literature search (Table).8–13 Original research studies
identified from these review papers were also included in this review
(Table 25.1).

Previous reviews

The conclusions and recommendations of previous reviews will be
presented briefly before examining the available original research
studies. Notably, the reviews have reached similar conclusions –
although nearly all have some reservations regarding the methodology
of the research available.

Callaghan in 1997 reviewed the role of taping and bracing in the
treatment and prevention of ankle sprains.13 He describes six studies
on injury prevention in the section on taping and bracing for acute
ankle sprain, concluding that both taping and braces have been
shown to prevent ankle sprains in basketball and soccer players,
though the study design of the studies reported should be considered
before applying tape or recommending a brace for the prevention of
ankle sprains. He also reviewed the effect of orthoses on performance,
concluding that they do not lead to any negative effects in
performance tests.

Hume and Gerrard in 1998 also reviewed the effect of external ankle
support on ankle injury rates based on eight studies, and pointed out
several limitations in these studies (small study size, self selection,
inadequate controls).11 They concluded that the studies reviewed
failed to provide unequivocal evidence of the effectiveness of external
ankle support. However, they also state that several studies, even
given the limitations mentioned, do seem to indicate that taping or
bracing reduces the ankle injury rate, particularly for athletes with
previous injuries. They also recommend that external ankle support
during both practice and training should be encouraged where there
is a clear history of recurrent ankle injury in a sports player, in
combination with an ankle proprioception training programme.

Robbins and Waked in 1998 briefly touched upon the preventive
effect of taping and rigid/semi-rigid devices in a paper focusing on the
importance of incorrect foot position caused by footwear.12 They
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conclude that the studies are unconvincing because all of them were
small scale, retrospective, without adequate controls often sponsored
by manufacturers, and they also utilise self reporting of injuries or
diagnoses made by coaches. Nevertheless, they state that the reports
suggest that both taping and semirigid devices effectively prevent
first ankle sprains and are perhaps more effective still in preventing
re-injury.

Thacker et al in 1999 reviewed the evidence on the effectiveness of
any kind of prevention programme for ankle sprains – not just
including taping or bracing.10 They identified seven randomised
controlled trials and three cohort studies that compared methods to
prevent ankle sprains using shoes and taping, bracing or specialised
training. This was the first review to develop a rigorous scoring
instrument for ankle injury prevention studies, and the quality scores
of the papers ranged from 11 to 68 out of a maximum of 100. In other
words, study quality was low to medium. They recommend that
athletes with a sprained ankle complete supervised rehabilitation
before returning to practice or competition, and those athletes
suffering from a moderate or severe sprain should wear an appropriate
orthosis for at least six months.

Verhagen et al in 2000 did a formal literature search on any method
to prevent ankle ligament injuries and also included a design and
methodology evaluation in their paper.8 The eight studies included
were given methodology scores between 65% and 93% of the
maximum attainable score. In other words, it appears that their
methodology score resulted in more favourable results than Thacker
et al. They conclude that the use of either tape or braces reduces the
incidence of ankle sprains, and that the use of tape and braces results
in less severe ankle sprains. Also, they found that braces seem to be
more effective in preventing ankle sprains than tape. They were
unable to determine which athletes benefit more from the use of
external ankle support – those with or those without previous ankle
sprains. Also, the role of shoe type is unclear. They also conclude that
proprioceptive training reduces the incidence of ankle sprains in
athletes with recurrent ankle sprains to the same level as subjects
without any history of ankle sprains.

Finally, Quinn et al completed a formal Cochrane review on
interventions for preventing ankle ligament injuries in 1996 (most
recent substansive amendment 1997)9. They identified five
randomised trials with data for 3 954 participants using external ankle
support (semirigid orthoses, Aircast brace or high top shoes) or ankle
disk training. The methodology scores given to the studies included
ranged between 45% and 73% of the maximum attainable score. They
found a significant reduction in the number of ankle sprains in people
allocated external ankle support (odds ratio: 0·49, 95% confidence
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interval 0·37 to 0·66). The interventions resulted in a large reduction
in risk for those with a previous history of ankle sprains (odds ratio:
0·31, 95% confidence interval 0·19 to 0·49), but a non-significant
result for those who did not have a prior history of ankle sprains (odds
ratio: 0·70, 96% confidence interval 0·47 to 1·03). They also found
that the treatment effect differed significantly between the two
subgroups (p < 0·01), i.e. that there is evidence that external ankle
support provides a greater support for those with a previous ankle
sprain than for subjects with no previous ankle sprain. They did not
find any difference in the severity of ankle sprains or any change to
the incidence of other leg injuries. Finally, they concluded that the
protective effect of high top shoes remains to be established and that
there was limited evidence for reduction in ankle sprain risk for those
with previous ankle sprains who did ankle disc training exercises.

In summary, although there is a general agreement that most
studies suffer from methodology and design limitations, most
reviewers conclude that external ankle support provides protection
for ankle ligament injuries – at least among those who have suffered
a previous ankle sprain. However, there is no consensus of whether
balance training on an ankle disk reduces the risk of future ankle
sprains – whether previously injured or not. This disagreement stems
from a lack of high quality studies on balance training.

Original research papers

This section is summarised in Appendix 25.1
Simon (1969) compared the effect of taping with cloth strapping to

prevent ankle sprains in a group of 148 college football players over
two spring seasons in a randomised trial.14 The players were divided
alphabetically into two groups, half wearing tape and half had their
ankles wrapped with cloth wrapping (“Louisiana wrapping”). The
treatment was reversed for the second season. They experienced four
ankle injuries in both groups. Although this is a small study and no
difference was observed between groups, since there was no control
group we do not know whether the injury rate was lower than what
would be expected without treatment.

Garrick and Requa (1973) performed the first randomised clinical
trial to examine the effect of ankle taping on the frequency of
sprains.15 They also classified the shoe types used, although shoe type
(high or low top) was self-selected. A total of 2 562 player exposures
in an intramural college basketball programme was studied over two
seasons, and teams were randomly assigned to taping (mostly
inelastic taping with stirrups and horseshoe strips finished with a
figure-of-eight lock, a few used an elastic taping material) or control.
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The results showed that the lowest injury rate was observed in the
taped groups (high-top shoes: 6·5 injuries per 1 000 player exposures,
low top shoes: 17·6) compared with the untaped control group (high
top shoes: 30·4 injuries per 1 000 player exposures, low top shoes:
33·4). Among players with a history of previous sprains the injury rate
was 16·4 per 1 000 player exposures in the taped groups (high top
shoes: 8·3, low top shoes: 19·9) compared with 55·2 in the untaped
control group (high top shoes: 28·8, low top shoes: 63·6). Thus, from
this study it appears that taping reduces the risk of ankle sprains, and
that there is an additional protective effect of high top shoes.
Moreover, it appears that the protective effect is even more
pronounced among players with a history of previous sprains.

Cameron (1973) prospectively followed 2 839 male high school
players over one season to compare the effect of wearing specially
designed shoes with swivel plates for football with shoes with cleats,
heel plates, or soccer shoes.16 He found a 2·7-fold decrease in the rate
of ankle sprains in athletes wearing the swivel shoes (3·0% with
injury) compared with those wearing cleats (8·5%), heel plates (7·7%)
or soccer shoes (5·6%).

Ekstrand (1983) conducted a randomised controlled trial examining
the effects of an injury prevention programme in sports.17 Twelve
male 4th division teams (180 players) were followed for the first six
months of the 1980 and 1981 seasons. Between these two observation
periods, the teams were allocated at random to two groups of six
teams. One group was given a prophylactic programme and the other
served as control. The programme was based on previous studies of
injury mechanisms in soccer and comprised:

• correction of training
• provision of optimum equipment
• prophylactic ankle taping of players with previous injury and/or

clinical instability (43 of 90 players, 52 ankles)
• controlled rehabilitation
• exclusion of players with grave knee instability
• information about the importance of disciplined play and the

increased risk of injury at training camps
• correction and supervision by doctors and physiotherapists. 

The six control teams had a mean of 2·6 injuries per month during
the first six months of 1981, an incidence equal to the mean for all
12 teams in the division during the same period in 1980. After the
introduction of the prophylactic programme, the six test teams
reduced the incidence to 0·6 injuries per month in 1981, which was
75% less than in the control group (p < 0·001). Of interest here is
that the incidence of sprains to the ankle was reduced significantly
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(p < 0·05). They concluded that the prevention programme, which
included prophylactic ankle taping of players with ankle problems,
significantly reduces soccer injuries. The main difficulty when
interpreting the study in the present context – ankle injury
prevention – is that it is difficult to determine which of the seven
programme components contributed most to the result.

Tropp et al (1985) compared two different methods – ankle orthoses
and ankle disk training – for the prevention of ankle sprains in a
prospective study where players were randomised to treatment groups
by team.18 Ten teams (n = 171) served as controls, whereas seven teams
(n = 124, 60 used the orthosis and 64 did not) were offered ankle
orthoses and players on eight teams with a history of previous ankle
sprains were assigned to ankle disc training (n = 65). The results were
analysed separately for players with and without a history of previous
ankle sprains. Among players with previous ankle problems 19 of
75 players (25%) in the control group sustained a sprain during the
study period, the corresponding figure for the orthosis group and
ankle disk groups were 1 of 45 (2%, p < 0·01) and 3 of 65 (5%, p < 0·01),
respectively. Among players without any history of previous ankle
problems, they found no difference in the frequency of ankle sprains.
They also observed that in the ankle disk group, the frequency of
injury was 5% among both players with a history of problems who all
did ankle disk training (n = 65) and players without previous problems
who did not train. In other words, this study suggested that ankle disk
training and orthosis use was equally effective in preventing ankle
sprains, whereas there was no preventive effect among players with
previously healthy ankles. Their results also suggest that ankle disk
training can normalise the risk of injury among players with a history
of previous ankle sprains.

Rovere et al (1988) examined the effectiveness of taping or wearing
a laced ankle stabiliser in a retrospective cohort study covering one
college football team for six seasons.19 For 18 months the players all
had taped ankles, and the remaining 4·5 years the players chose their
ankle support. Over the entire period, the players chose high top or
low top shoes as preferred. The 297 players sustained 224 ankle
injuries and 24 re-injuries. They found that a player wearing the ankle
stabilisers had half the risk of injury of a player wearing tape (95%
confidence interval, 0·42 to 0·85, p = 0·003). They also found that
low top shoes were relatively more effective than high top shoes in
preventing injury. However, this was a retrospective study where
players self selected shoe type and whether to use a stabiliser or tape.
When interpreting the results it is important to keep in mind that
players at greater risk, for example because of playing position or
previous injury status, may have selected the equipment they
perceived as giving them the greatest protective effect. Although the
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group comparisons were stratified by position, a selection bias may
still exist to inflate the injury risk for any group. In fact, nearly all the
re-injuries occurred in the tape group.

Barrett et al (1993) used a prospective randomised design to
evaluate the effect of shoe type on ankle sprain risk.20 Out of a
predominantly male population of 622 college intramural basketball
players, 569 players completed the study requirements, and of these,
43·3% had a history of ankle sprains. The randomisation procedure
was stratified by previous history of ankle sprains and the players were
randomised to wear a new pair of either high top (n = 208), high top
with inflatable air chambers (n = 203), or low top basketball shoes
(n = 158) during all games for a complete season. They found that
there was no significant difference in injury rates between the groups
wearing high top shoes (n = 7; 4·8 injuries per 1 000 playing hours),
high top shoes with inflatable air chambers (n = 4; 2·7 injuries per
1 000 playing hours), or low top basketball shoes (n = 4; 4·1 injuries
per 1 000 playing hours). It should be noted that the total number of
injuries, and consequently the statistical power of the study was low.
Thus, this study can not be taken as final evidence that there is no
preventive effect of high top shoes.

Surve et al (1994) undertook a randomised clinical study to evaluate
the effect of a semirigid ankle stabiliser on the incidence of ankle
sprains during one playing season.21 Senior male soccer players who
represented all the soccer teams from four divisions were asked to
participate in the study, and they were randomly assigned to a control
group (no treatment) or an intervention group who wore a semirigid
Aircast Sport Stirrup orthosis during soccer practice and games. The
randomisation was stratified according to previous injury status, and
this resulted in four groups with similar size: two control groups (131
with a history of previous ankle sprain and 129 with no history) and
two intervention groups (127 with a history of previous ankle sprain
and 117 with no history). The results showed that the incidence of
ankle sprains was reduced among players with a previous history of
ankle sprains (p < 0·001). The incidence was 0·46 per 1 000 playing
hours among those who wore a brace and 1·16 per 1 000 playing
hours among those who did not. However, among players with no
previous history of ankle sprains there was no difference in the
incidence of ankle injuries between those who wore orthoses (0·97 per
1 000 playing hours) and those who did not (0·92 per 1 000 playing
hours). Thus, the authors conclude that a semirigid orthosis
significantly reduced the incidence of recurrent ankle sprains in
soccer players with a previous history of ankle sprains. They
recommend the use of orthoses for players with a previous ankle
sprain in conjunction with a comprehensive rehabilitation
programme to decrease the risk of recurrent ankle injuries.
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Sitler et al (1994) designed a randomised clinical trial to determine
the efficacy of a semirigid ankle stabiliser in reducing the frequency
and severity of acute ankle injuries in basketball.22 Participants in the
study were 1 601 United States Military Academy cadets with no
preparticipation, clinical, functional, or radiographic evidence of
ankle instability. The subjects were randomly assigned to a control
group (812 subjects, 90 of these with previous injury) or an
intervention group (789 subjects, 87 previously injured) who wore a
semirigid Aircast Sports Stirrup orthosis during basketball practice and
games. They found that the injury rate was 5·2 injuries per 1 000
athlete exposures (n = 35) in the control group and 1·6 per 1 000
athlete exposures in the intervention group (n = 11). Thus, the relative
risk of sustaining an ankle injury was approximately three times
greater for control subjects as for ankle stabiliser subjects (p < 0·01).
However, it should be noted that this reduction was only evident
from contact injuries; there was no effect on non-contact injuries.
The corresponding results were 4·8 (control) v 1·7 (intervention)
injuries per 1 000 athlete exposures among athletes with no previous
injury and 8·0 (control) v 1·4 (intervention) injuries per 1 000
athlete exposures among athletes with a history of previous ankle
sprain. When interpreting the results, this study should be given
particular weight, since prestudy status of the subjects, playing
conditions (shoe type worn, floor type), diagnostic methods, and
compliance was carefully controlled and reported. However, the
number of participants and exposures was too small to allow for a
statistical evaluation of the effect in subgroups of healthy and
previously injured subjects, although it appears that the protective
effect may have been similar in both groups. The authors conclude
that the use of ankle stabilisers significantly reduced the rate of ankle
injuries, but that injury severity was not statistically reduced. They
also conclude that wearing the ankle stabiliser did not affect the
frequency of knee injuries.

Wester et al (1996) examined the effect of a training programme on
a wobble board on residual symptoms and re-injuries following an
ankle sprain.23 The subjects were 61 recreational athletes who
reported to the hospital emergency room with an acute ankle sprain
from sports participation, but had no previous ankle problems. The
patients were randomised to a control group or a training group. The
training group was provided with a wobble board and instructed to
follow a daily programme with progressively difficult balance
exercises for 12 weeks. Thirteen patients withdrew before the final
follow up. Of the remaining 24 patients in the training group, six had
recurrent sprains (25%) and none had subjective instability of the
ankle. Among the 24 patients in the control group there were 13 with
recurrent sprains (54%, p < 0·05) and six felt instability of the ankle
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(25%, p < 0·01). The authors conclude that training on a wobble
board early after a primary ankle sprain is effective in reducing
residual symptoms.

Sharpe et al (1997) retrospectively examined the medical records of
female varsity soccer players at a Division III college to determine the
effect of bracing and taping.24 They identified 38 players with 56
previously injured ankles from a review of medical records for the
team over five seasons, and whether the injured players had used no
external ankle support (n = 17), tape (n = 12), bracing with a Swede-O
canvas lace-up brace (n = 19), or both taping and bracing (n = 8). The
ankle sprain recurrence frequency was 35% for the untreated ankles,
25% for the taped ankles, 25% for the taped and braced ankles, and
0% for the untreated ankles. On the basis of this, the authors suggest
that ankle bracing is effective in reducing the incidence of ankle
sprains in female soccer players with a previous history of ankle
sprains. However, the results must be interpreted with caution, since
it is a small study with retrospective data collection, and the
treatment received was – at least in part – self selected and not
randomly assigned.

Bahr et al (1997) conducted a prospective cohort study to examine
the effects of a three part injury prevention programme on the
incidence of ankle sprains among approximately 270 senior elite
volleyball players over three seasons.25 The programme consisted
mainly of an injury awareness session, technical training (with
emphasis on proper take-off and landing technique for blocking and
attacking), and a balance board training programme (for players with
previous ankle sprains). Base line data were collected during the first
season, the programme was introduced during second season, and the
effects of the prevention programme were evaluated during the third
season. They found that the incidence of ankle injuries was reduced
from 0·9 ± 0·1 per 1 000 player hours during the first season
(48 injuries) to 0·5 ± 0·1 during the third season (24 injuries) with a
risk ratio of 0·53 (p < 0·01). It is not possible to establish with
certainty how the main elements of the prevention programme,
technical training and balance board training, and increased
awareness of typical injury mechanisms each contributed to the
overall results. However, the risk of re-injury seemed to be reduced for
previously injured ankles, and this may be taken as an indication that
the balance board training programme had some effect. Also, there
was a reduction in the number of injuries landing on the foot of an
opponent, which indicates that the special technical training
programme and increased awareness about the main mechanisms of
injury may have contributed as well. The authors conclude that
further studies are needed to identify the effects of each programme
component. Also, since this was an intervention study using
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historical base line data, the results must be interpreted with caution.
It is possible that factors other than those introduced as a prevention
programme changed during the three study years, and therefore
contributed to the results observed.

Amoroso et al (1998) conducted a randomised trial involving 777
parachuters during the final week of an army airborne training
course.26,27 Of this group, 745 completed all study requirements. The
subjects were randomly assigned to one of two groups – either wearing
an Aircast outside-the-boot brace or no brace (369 brace wearers and
376 non-brace wearers). Each subject made five parachute jumps, for a
total of 3 674 jumps. They found that the incidence of inversion ankle
sprains was 1·9% in non-brace wearers and 0·3% in brace wearers (risk
ratio: 6·9, p = 0·04). There appeared to be no effect on other injuries.
The authors concluded that inversion ankle sprains during parachute
training could be significantly reduced by using an outside the boot
ankle brace, with no increase in risk for other injuries. However,
although about half of the subjects reported having had a previous
ankle sprain upon entry, no results are provided of the effect in
previously healthy versus previously injured ankles. Thus, it is not
possible to evaluate whether the protective effect was limited to those
with previous sprains or not.

Holme et al (1999) examined the effect of an early rehabilitation
programme, which included balance training, on ankle function.28,29

The subjects were 92 recreational athletes who reported to the
hospital emergency room with an acute ankle sprain from sports
participation, but had no prior complaints of ankle joint instability.
All subjects were given the same standardised information regarding
early ankle mobilisation, including strength (standing on heels/toes,
one foot hopping), mobility (circular movements) and balance
exercises (standing on one foot with eyes open and with eyes closed
and standing on a balance board). After five days the subjects were
matched for age, sex and level of sports activity and randomised to a
control group (n = 46) or a training group (n = 46). The training group
was offered supervised group physical therapy for one hour twice
weekly. The training programme included comprehensive balance
exercises on both legs, figure-of-eight running, standing on a balance
board, on the inside or outside of the foot with eyes open and closed.
They found that six weeks after the acute injury the subjects displayed
a side to side reduction in ankle strength and postural control, but
that these factors were normalised four months after the injury in
both groups. It should be noted that there was a considerable loss to
follow up – 17 patients in the training group did not complete the
entire study (37%). However, although the training programme had
no measurable effect on strength or postural control, there were
significantly fewer re-injuries in the training group (two of 29, 7%)
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than in the control group (11 of 38, 29%) during the first 12 month
period after the original injury. Although there is a considerable loss
to follow up in both studies, this study28 and that of Wester et al.23

indicate that early balance training after a primary ankle sprain
provides protection from recurrent injuries. 

Schumacher et al (2000) presented results from a cohort study that
evolved as a natural experiment by the introduction of mandatory use
of an outside-the-boot ankle brace developed by the US Army for
parachute jumping.30 Results from parachute jumps before (n = 7 857)
and after (n = 5 928) were compared by retrospective review of medical
records. The results show that there were 4·45 injuries per 1 000 jumps
before the braces were introduced, and that the injury rate was reduced
to 1·52 injuries per 1 000 jumps after braces were made mandatory
(p = 0·002). In other words, the results from this study corroborate
the conclusions from the randomised trial by Amoroso et al.26 that
inversion ankle sprains during parachute training can be significantly
reduced by using an outside-the-boot ankle brace.

Directions for future research

Although there is convincing evidence that taping and bracing
provides protection from future injury, some questions remain which
need to be addressed in large scale randomised trials. It is not entirely
clear whether prophylactic bracing benefits all athletes, regardless of
previous injury status. Many studies do not report their results
separately for subjects with or without previous problems, and in
those that do, conflicting results have been seen among athletes
who do not have a prior history of ankle sprains. Also, the studies
where pre-injury status has been taken into account have generally
used players – not ankles – as the unit of analysis. This makes the
interpretation of the results difficult. Subjects obviously have two
ankles, and it is not clear how players who have one ankle with
previous injury and one with no prior injury have been classified. It
is recommended that in future studies randomisation procedures are
stratified according to the previous injury status of the players, and
that the results are reported using ankles, not players, as the unit of
analysis.

The evidence for balance training as a preventive measure is
promising, but limited to one study specifically examining this
question in a population of soccer players with previous injury. Further
large scale studies are necessary to examine this question, taking
previous injury history into account. There is also a need to conduct
appropriately sized randomised clinical studies to examine the effects
of high top shoes alone or in combination with taping or bracing. 
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Figure 25.1 An ankle brace (right ankle) or tape (left ankle) should be worn
during sporting and other high risk activities at least until completion of a
supervised rehabilitation programme, including 6–10 weeks of balance
training exercise.

Since it is conceivable that the protective effects of bracing and
taping or balance training may depend on the injury mechanism
involved, this should be reported in future studies. For instance,
although balance training may help an athlete avoid non-contact
injuries (for example a volleyball player stepping over when running
to retrieve a ball on defence), they may not protect against contact
injury (for example a volleyball player landing on the foot of an
opponent or a soccer player being tackled by an opponent). The
injury mechanisms for ankle injuries in many sports (for example
soccer) have not been examined in detail, and this information may
help suggest new ways to prevent injury.

Finally, it is important to keep in mind that nearly all the evidence
on ankle injury prevention has been collected using young, almost
exclusively male, athletic study populations. This means that the
conclusions reached do not necessarily apply to women, children,
older individuals, or non-sport settings. Consequently, there is a need
to conduct studies in these and other settings, as well. 
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Conclusion

Taping or bracing (Figure 25.1) can prevent ankle sprains – at least
in athletes with previous ankle problems. It also appears likely that a
balance training programme can improve sensorimotor control,31,32

and that such a programme (Figure 25.2) reduces the risk of re-injury
to the same level as healthy ankles.18,28

How tape and orthoses work is uncertain, but they may simply
enhance sensorimotor control of the ankle joint. This view is
corroborated by the fact that their effect mainly seems to be limited
to players with previous injury,18,21,22 where postural control, position
sense and postural reflexes seem to be reduced,1,3,4,28,33–36 and that
orthoses do not seem to restrict inversion enough to substantiate
their prophylactic effect.8,37,38 If the protective effect were mechanical,
one would expect an effect in healthy ankles, as well. However, it may
also be that the mechanism by which tape and orthoses work is by
simply guiding the foot.39 In other words, the external ankle support

Figure 25.2 Balance board training is performed with the player standing on one
leg on a balance board. The objective is to control balance using “an ankle
strategy”, i.e. without using hands, hips or knees to adjust body position, but to
correct balance using the ankle only, as much as possible. Thus, arms are held
across the chest and the opposite leg is held still in 90° knee flexion.
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may help ensure that the athlete lands with the foot in the proper
position.

Bracing is generally seen as being more comfortable than tape and
more cost-effective with long-term use.8,10,37 However, in some sports
where foot control is essential such as soccer, some players may resist
using braces and prefer tape. Most studies indicate that appropriately
applied tape or orthoses do not adversely affect performance.10

Thus, athletes with a sprained ankle should complete supervised
rehabilitation, including a 6–10 week programme of balance training
exercise, before returning to practice or competition. An appropriate
orthosis should be worn at least until completion of rehabilitation.

Summary 

Taping and bracing prevents ankle injuries – at least in athletes with previous
injury.
It is not clear whether high top shoes reduces the risk of ankle sprains.
Balance training improves sensorimotor control in athletes with previous
injury, and seems to prevent ankle sprains in this population.
Athletes with a sprained ankle should complete supervised rehabilitation,
including a 6–10 week programme of balance training exercise, before
returning to practice or competition and an appropriate orthosis should be
worn at least until completion of rehabilitation.

Key messages

The preventive effects of taping and bracing have been clearly documented,
although the evidence is more convincing for players with previous ankle
injury than for healthy athletes.
Although there are some indications that braces seem to be more effective
in preventing ankle sprains than tape, this has not been clearly documented.
The efficacy of wearing high top shoes is unclear.
There is some evidence that balance training reduces the risk of ankle
sprains in athletes with previous injury.

Sample examination questions

Multiple choice questions (answers on p 562)

1 Which is the most important risk factor for an ankle sprain?

A A history of a previous sprain
B Gender
C Generalised joint laxity
D Short Achilles tendon
E Rear foot valgus
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2 Which statement correctly reflects currently available evidence for
the effectiveness of balance training in preventing ankle sprains?

A There is no evidence to support the effectiveness of balance
training to prevent ankle sprains.

B There is some evidence that balance training reduces the risk
of ankle sprains in athletes with a history of previous injury to
the same level as healthy athletes

C The preventive effects of balance training have been clearly
documented, both for athletes with no prior ankle sprain and
athletes with a history of previous ankle injury.

D Current evidence suggests that there is no effect of balance
training in preventing ankle sprains.

3 Which statement correctly reflects currently available evidence for
the effectiveness of external ankle support (taping or bracing) in
preventing ankle sprains?

A There is insufficient evidence to suppor t or refute the
effectiveness of taping and bracing to prevent ankle sprains.

B The preventive effects of taping or bracing have been clearly
documented, although the evidence is more convincing for
players with previous ankle injury than for healthy athletes.

C The preventive effects of taping or bracing have been clearly
documented, both for athletes with no prior ankle sprain and
athletes with a history of previous ankle injury.

D Current evidence suggests that there is no effect of taping and
bracing in preventing ankle sprains.

Essay questions

1 When reading a paper on the effectiveness of external ankle
support or balance training for preventing ankle sprains, we should
try to take the methodological quality of the study into account.
What are important aspects of the design of a randomised clinical
trial for the prevention of ankle sprains?

2 As yet, only a few studies have examined the effectiveness of
balance training to prevent ankle injuries. What are the most
important results of these studies?

3 Many questions regarding the effectiveness of ankle injury
prevention programmes remain unanswered, and further research
is needed. In your opinion, what are the most important research
questions, and which studies should be given a high priority on the
research agenda?
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26: How should you treat
a stress fracture?
KIM BENNELL, PETER BRUKNER

Introduction

Stress fractures are overuse injuries of bone commonly seen in
physically active individuals such as athletes1,2 and military recruits.3,4

They can occur in any bone but are most frequently seen in the lower
limb particularly in the region of the tibia.5

Stress fractures are partial or complete fractures of bone that
develop when bone does not successfully adapt to the repeated
application of load. During physical activity, microdamage that
develops is normally repaired by the remodelling process. However, if
microdamage accumulates, symptoms of excessive bone strain may
result.6–8 Bone’s ability to resist damage depends on a number of
factors including its structural and material properties and the activity
of muscles in attenuating loads.

Stress fracture represents one end of the continuum of bone’s
response to repetitive loading but a patient may present with
symptoms of bone strain anywhere along this continuum. Current
imaging techniques show a range of appearances depending on this
time course. Early changes in bone, commonly termed “stress
reactions” are visualised by scintigraphy and magnetic resonance
imaging but not by conventioanl radiographs which only show
evidence of a stress fracture at a later stage.9

Search methods and results

A computer search was conducted up to March 2001 using
Cochrane Library, Medline, Current Contents and CINAHL to identify
relevant articles using the search terms stress fracture, fatigue fracture,
treatment and prevention (Table 26.1). The bibliographies of relevant
papers were also searched and other studies relevant to the area were
included. The management of stress fractures in the elderly was
excluded. Few randomised controlled trials (RCTs) were found that
evaluated an intervention to prevent or treat stress fractures. A recent
Cochrane review of the area using a comprehensive search strategy
to identify RCTs or quasi-experimental trials found nine studies
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reporting the outcomes of strategies to prevent stress fractures and
three studies reporting the efficacy of treatment programmes for
stress reactions or stress fractures.10 Methodological assessment of
these studies by the authors revealed that the methodological quality
was generally poor. The prevention studies were all performed in
military recruits and the types of interventions included shock
absorbing insoles (n = 411–14), visco-elastic insoles (n = 115), basketball
shoes (n = 116), training modifications (n = 217,18) and calcium
supplements (n = 119). The treatments evaluated included pneumatic
air braces (n = 220,21) and low energy laser (n = 122). These studies are
summarised in Table 26.2 and the findings have been incorporated in

Table 26.1 Results of search strategy – number of journal articles identified.

Terms Current Contents Medline Cinahl

Stress fracture 548 864 136
Stress fracture and treatment 137 176 41
Stress fracture and prevention 14 13 11
Fatigue fracture 57 210 5
Fatigue fracture and treatment 9 38 4
Fatigue fracture and prevention 2 5 1

Table 26.2 Summary of controlled trials investigating prevention or treatment
strategies for stress fractures as identified by a recent Cochrane review by
Gillespie and Grant.10

Reference Design Strategy SF def Intervention Group Results

Andrish 197411 RCT P X-ray Foam rubber heel pad M No effect
Scully 198218 QE P NS Training modification M Reduction in

fracture
Milgrom 198513 RCT P BS Orthotic insole M Reduction in

fracture
Giladi 198517 QE P BS Training modification M No effect
Smith 198512 QE P NS Shock absorbing insole M No effect
Gardner 198815 QE P X-ray Polymer insole M No effect
Schwellnus RCT P X-ray Shock absorbing insole M No effect

199014

Milgrom 199216 RCT P BS Basketball boot M Reduced foot
fracture

Schwellnus QE P X-ray Calc supps 500 mg/day M No effect
199219

Nissen 199422 RCT T Clinical Low power laser M No effect
Saltyer 199520 RCT T BS Aircast leg brace M Reduced duty

return time
Swenson 199721 RCT T X-ray Aircast leg brace A Reduced sport

return time

SF def = stress fracture definition; BS = bone scan; NS = not stated P = prevention;
T = treatment RCT = randomised controlled trial; QE = quasi-experimental
Group = type of subjects; M = military; A = athletes
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detail in the later sections. Given the small number of clinical trials,
lower levels of evidence have also been included in this review in
order to take recommendations about how to treat a stress fracture in
clinical practice.

Treatment

The actual time from diagnosis of a stress fracture to full return to
sport or physical activity depends on a number of factors including
the site of the fracture, the length of the symptoms and the severity
of the lesion (stage in the spectrum of bone strain) (Box 26.1) Most
stress fractures with a relatively brief history of symptoms will heal
without complication or delay and permit return to sport within the
four to eight week range. However, there is a group of stress fractures
that require additional treatment and special consideration. These are
listed separately, later in the chapter.

Box 26.1 Factors influencing the length of time to
return to sport following a stress fracture

• Duration of symptoms
• Stage of continuum of bone strain
• Site of stress fracture
• Level of competition

While there are many subtleties involved in the treatment of stress
fractures, the primary treatment is modified activity. During the phase
of modified activity, a number of important issues are attended to
including modification of risk factors, maintenance of muscular
strength and fitness, pain management, investigation of bone health,
and prescription of orthotic devices. We divide the treatment of stress
fractures into two phases: Phase I is the early treatment using
modified activity and Phase II is the period from the reintroduction of
physical activity to full return to sport. The evidence to support the
treatment options will be discussed.

Phase I

Pain management
Pain is seldom severe but can be a problem even with normal

walking. Mild analgesics can be used as well as physical therapy
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modalities (for example ice, interferential, electrical stimulation). In
some cases where activities of daily living (ADL) are painful it may be
necessary for the patient with a stress fracture to be non-weight
bearing or partial weight bearing on crutches for a period of up to
seven to 10 days. In the majority of cases this is not necessary and
merely avoiding the aggravating activity will be sufficient.

Potential pharmaceutical therapies
Given the pathology of stress fractures, pharmacological agents that

accelarate repair and remodelling may assist with healing. According
to a recent review by Burr23, one potential agent is intermittently
administered parathyroid hormone (PTH). This agent is known to
accelerate intracortical bone turnover without any long-term negative
effects on bone mass or short- or long-term negative effects on bone
strength. Furthermore, because intermittently administered PTH
stimulates the apposition of periosteal bone, this could have
beneficial effects on bone strength even after the withdrawal of
treatment and lead to a reduced risk for future fracture. However,
controlled trials need to be conducted in an animal stress fracture
model and then in humans before this drug therapy can be
recommended for the treatment of stress fractures.

Practitioners often suggest non-steroidal anti-inflammatories
(NSAIDs) to assist with initial pain reduction and healing of stress
fractures. Because they inhibit cyclo-oxygenases, NSAIDs will help
control inflammatory processes that may accompany injury or overload.
However, theoretically, the mode of action of some NSAIDs may slow or
prevent repair of the stress fracture as they reduce the bone remodelling
process (David Burr, personal communication). While this is speculation
at present as relevant experiments have not been conducted, it may
be wise to avoid NSAIDs unless pain and swelling are severe.

Electrotherapy modalities

Low energy laser

There has only been one study investigating the application of low
power laser treatment in the healing of stress fractures22. This RCT
was performed in Army recruits who presented with a diagnosis of
“shin splints”. The treatment comprised laser therapy 40 mW in
60 secs/cm of tender tibial edge and a placebo group was included.
The results do not support the use of this modality for reducing
symptoms of tibial periostitis/stress reaction as there was no
difference in the number of recruits fit for duty after two weeks
comparing the active and placebo groups.
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Electrical stimulation

Various methods of electrical stimulation have all been shown to
have a positive effect on healing of non-union of traumatic fractures.
These include pulsed electromagnetic fields,21,24–31 direct electric
current32–35 and capacitively coupled electric field.33,36–40 There have
been no studies of the efficacy of this treatment on healing of stress
fractures and only one non-blinded, uncontrolled study of its effect
on time to return to sport in stress fractures in athletes.

Benazzo et al41 reported the results of a study on the treatment of
stress fractures in athletes by capacitive coupling, a bone healing
stimulation method promoting bone formation by application of
alternating current in the form of a sinusoidal wave. Twenty-two of 25
stress fractures were healed and two more showed improvement. The
majority of these fractures were stress fractures of the navicular and
5th metatarsal which are prone to delayed or non-union. Further
controlled studies are required to determine the efficacy of this
treatment in the management of both the acute stress fracture and in
cases of non-uniting stress fractures.

Low intensity pulsed ultrasound

A growing body of evidence provides support for the application
of low intensity pulsed ultrasound (US) during fracture repair. In
animals, US has been found to facilitate endochondral bone
formation,42 increase bone mineral return and enhance mechanical
strength return at the fracture site.43 In humans, the most convincing
evidence for the use of US during acute fracture repair is provided
by three well-designed RCTs44–46 where US acelerated the rate of fresh
tibial, radial and scaphoid fracture repair by a factor of 1·4–1·6
(or 30–38%). In addition, ultrasound has been shown to reduce the
incidence of delayed unions47 and to facilitate healing in fractures
displaying delayed and non-union.48–51

There have been two cases series where low intensity pulsed US has
been used to treat stress fractures in athletes. Jensen52 reported that
prescription use of a commercially available system, the Sonic
Accelerated Fracture Healing System (SAFHS: Exogen Inc., Piscataway,
NJ, USA), resulted in a 96% success rate in all tibial stress fractures
with a mean treatment time of 104 ± 11·3 days. However, a control
group was not included. In another case series of eight athletes with
lower limb stress fractures, use of US five days per week for four weeks
resulted in no time off from competitive sport in those with tibial
stress fractures.53 It is possible that low intensity pulsed US could be
an effective treatment for stress fractures, particularly at sites prone to
delayed or non-union, but controlled trials are needed especially
given the relatiavely high cost of this modality.



Muscle strengthening
Skeletal muscle plays an important role in stress fracture

development. At some regions, bone load is increased by muscular
force while at other sites load is reduced as muscles absorb energy.54

In endurance sports, it is possible that even low levels of muscular
fatigue can affect the total impact load to bone, particularly in the
lower extremity. Following fatiguing exercise, bone strain, particularly
strain rate, has been shown to increase.55,56 Some studies have shown
that reduced muscle strength57 and smaller muscle size58,59 predispose
to stress fractures in athletes and military recruits. Biomechanical
analyses of how muscular forces act on bone to cause stress fractures
have only been done for the rib, fibular, tibia and metatarsals. The
role of muscular forces in the development of other stress fractures is
generally speculative.60

While there are no studies that have evaluated the role of muscle
strengthening in the treatment of stress fractures, it is logical to
include a specific strengthening programme because of the important
role of muscles in shock absorption and to help counteract the effects
of detraining. In the clinical setting, decrements in muscular strength
and endurance may be undetectable whether testing manually or
using a machine such as an isokinetic dynamometer. Thus all athletes
with stress fractures of the lower extremity should receive a specific
programme of muscular strengthening exercises in muscle groups
surrounding the joints above and below the fracture line. Muscle
strengthening programmes are usually prescribed for a period of
6–12 weeks and can begin immediately after diagnosis of the stress
fracture. However, it is important that the exercises do not cause pain
at the stress fracture site.

Maintaining fitness
Maintenance of fitness during periods of forced inactivity due to

injury is a major concern to coaches and athletes. Inactivity has
marked detrimental effects on the cardiovascular system as well as the
metabolic and morphological characteristics of skeletal muscle.
Reductions in various parameters of fitness have been reported after
relatively brief periods of inactivity. Decrements in maximal stroke
volume, cardiac output and maximal oxygen uptake of approximately
25% have been reported after 20 days of bedrest.61 Other studies have
shown a decline of 14 to 16% in maximal oxygen uptake with
cessation of training for six weeks.62,63

The effect of rest on performance varies from one athlete to another
and depends on the particular sport. It should be emphasised to the
athlete that during Phase 1 the rehabilitation programme is designed
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to allow the damaged bone time to heal and gradually develop or
regain full strength while maintaining the person’s fitness in ways
that avoid overloading the bone.

Non-loading activities that maintain fitness are those that use as
many large muscle groups as possible without overloading the bone.
The recruitment of many large muscles results in high oxygen uptake
and in substituting a non-loading activity for the athlete’s sport, the
goal is to place an equal or greater demand on the cardiopulmonary
system to supply large quantities of oxygen to the working muscles.
The most common methods of maintaining fitness are cycling,
swimming, water running, rowing and stairmaster. For muscular
strength, upper and lower body weight programmes can usually be
prescribed without risk. These work-outs should as much as possible
mimic the athlete’s normal training programme in both duration
and intensity.

Deep water running (DWR), involving immersion up to the neck
using a vest as a flotation device, is particularly attractive to runners
because it closely simulates their sport. Training studies comparing
DWR and land running have reported no significant differences in
maximal oxygen uptake,64–66 anaerobic threshold, running economy66

leg strength64 and 2 mile performance65 after four to eight weeks
of land versus DWR training. Avellini et al67 reported similar
improvements in land maximal oxygen uptake after a 12 week DWR
programme compared to a land cycling ergometer programme.

The effectiveness of DWR is dependent on the simulation of land-
based running style and workouts in the water. However DWR is not
identical to land running and some important differences must be
taken into account when setting a DWR programme. The viscosity
friction of the water environment and the non-weight bearing nature
of DWR make this form of running mechanically different from land
running. Stride frequency in DWR has been reported to be 60–65%
that of land values.68 While heart rate can be used to monitor exercise
intensity in DWR sessions, it is important to note that water
immersion results in a cephalad shift in blood volume, resulting in an
increase in stroke volume69 and decline in maximal heart rate68–70

during water immersion exercise. The effect of water immersion on
heart rate has been reported to be approximately 10–13 beats per
minute lower when exercising at high work loads but similar to land
values at lower intensities of exercise.71

It is possible to maintain fitness even in elite athletes. Frangolias
et al72 reported the case of an elite middle distance runner who
sustained a Jone’s fracture of the right foot which required a lengthy
(10–12 weeks) period of non-weight bearing cast immobilisation.
Limited activity was allowed during the first three weeks after
injury due to discomfort. A more structured programme consisting of



a six day training and one day rest schedule was initiated on week 4
(Table 26.3). Treadmill VO2 max and ventilatory threshold showed
small decreases but progressive improvement when measured at 23
and 30 weeks post-injury compared to pre-injury levels. Ten kilometer
race performance at 31 weeks post-injury was six seconds faste than
his pre-injury time.

Alternate activities have been shown to maintain VO2 max and
muscular strength, but specific metabolic and neuromuscular
adaptations that affect skill are not easily duplicated. For this reason,
isolated skill related activities are resumed as early as possible in
Phase 1. It is possible in most cases for the athlete to maintain specific
sports skills. In ball sports these can involve activities either seated or
standing still. This active rest approach also greatly assists the athlete
psychologically.

Modification of risk factors
As with any overuse injury, it is not sufficient to merely treat the

stress fracture itself. Stress fractures represent the result of incremental
overload. Subtle adjustments to the modifiable factors that contribute
to the total load are an essential component of the management of
an athlete with a stress fracture. A thorough history and clinical
examination will assist in identifying the factors that may have
contributed to the injury and those that can be modified to reduce
the risk of injury recurring (Table 26.4). The fact that stress fractures
have a high rate of recurrence is an indication that this part of the
management programme is often neglected.1,73 However, it should be
pointed out that there have been few clinical trials to evaluate the
effectiveness of risk factor modification in reducing stress fracture
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Table 26.3 Weekly water running training regimen. (Adapted from
Frangolias DD et al72.)

Day Training regimen

1 Interval training, simulated mile repeats: 4 × 5 min to 6 × 5 min
with 1 min rest; HR = 175–180 bpm

2 Low intensity run: 30–45 min; HR = 130–150 bpm
3 Interval training, hard intervals: 6 × 3 min with 1 min rest;

HR = 175–180 bpm
4 Low intensity run, as for day 2
5 Interval training, short: 5–15 × 2 min or 5–15 × 1 min, with

30 sec rest; HR = 175–130 bpm
6 Long steady state run: 40–90 min; HR = 145–165 bpm
7 Rest day (or low intensity run performed)



development or recurrence. Instead, most of the studies are cohort
studies where the relationship of the risk factor to stress fracture is
evaluated in either a prospective or retrospective manner. The
following section briefly reviews the evidence to support the role of
modifiable risk factors for stress fractures.

Training

While training errors have been anecdotally linked to stress fracture
development, there is little research to identify the contribution of
each training component (type, volume, intensity, frequency and rate
of change) especially in athletes. There are only two RCTs that have
evaluated the effect of training modifications on stress fracture
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Table 26.4 Risk factor assessment in a patient presenting with a stress
fracture.

Risk factor Variables

Training • Type
• Volume
• Intensity
• Surface
• Changes in training

Footwear • Type
• Age of shoe
• Use of insoles

Lower limb alignment • Foot type
• Tibial torsion
• Knee varus/valgus
• Femoral anteversion
• Leg length

Muscle length and • Flexibility of calf, hamstrings, hip flexors
joint range • Range of ankle dorsiflexion, hip internal/external

rotation

Menstrual status • Current and past menstrual patterns
• Use of the oral contraceptive pill
• Sex hormonal levels if irregular

Bone density – dual • If amenorrheic or multiple stress fracture history
energy x-ray
absorptiometry (DXA)

Dietary intake • Calcium
• Energy
• Other nutrients influencing absorption of calcium or

bone health for example protein, fibre
• Presence of eating disorder



development17,18 and these have been performed in the military
setting. It appears that reducing high impact activities such as
running and jumping is associated with a decrease in stress fracture
incidence whereas reducing marching distance has no effect.10 Other
studies have shown that training interventions such as the inclusion
of rest periods,18,74 elimination of running and marching on
concrete75,76 and pre-entry physical conditioning77,78 may also reduce
stress fracture risk in the military.

In athletes, Brunet et al79 surveyed 1505 runners and found that
increasing mileage correlated with an increase in stress fractures in
women but not men. In a study of ballet dancers, a dancer who
trained for more than five hours per day had an estimated risk for
stress fracture that was 16 times greater than a dancer who trained for
less than five hours per day.80 These studies support a role for training
volume as a risk factor for stress fracture in athletes.

In the clinical setting, it is imperative to obtain a detailed training
history to try and identify any training parameters that may have
contributed to that individual’s stress fracture. In particular, questions
should be directed at establishing volume, intensity, degree of rest
periods, type of training and any recent changes in these parameters.
Furthermore, athletes should be encouraged to keep an accurate
training log book. This will allow the athlete to monitor his/her
training and to gauge the appropriateness of training changes.
Coaches need to be reminded that training regimens for athletes need
to be individualised. What may be appropriate for most members of a
team may be excessive for some.

Footwear and insoles

A recent Cochrane review identified six RCTs or quasi-experimental
trials that evaluated the effect of insoles or other footwear
modifications on prevention of stress fractures.11–16 All were
conducted in the military setting. The authors of the review
concluded that “the use of insoles inside boots in military recruits
during their initial training appears to reduce the number of stress
fractures and/or stress reactions of bone by over 50%”.10 Whether the
results can be generalised to the sporting population is not clear.

Another important contributing factor to stress fracture
development may be inadequate training shoes. These shoes may be
inappropriate for the particular foot type of the individual, may have
general inadequate support/shock absorption or may be worn out. In
a randomised trial, training in basketball shoes compared with
normal military boots was associated with a significant reduction in
the incidence of stress fractures in the foot but not in overall stress
fractures.16 Mechanical durometry tests confirmed that the basketball
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shoes had superior shock attenuation than the military boots and
in vivo tests showed significantly lower tibial accelerometry when
recruits wore the basketball shoes.81

Biomechanical abnormalities

Intrinsic biomechanical abnormalities are also thought to be
contributing factors to the development of overuse injuries in general
and stress fractures in particular. While associations between stress
fractures and various factors influencing skeletal alignment have
been sought in military populations, there are few data pertaining
to athletes.

The structure of the foot will partly determine how much force is
absorbed by the bones in the foot and how much force is transferred
to proximal bones such as the tibia during ground contact. The high
arched (pes cavus) foot is more rigid and less able to absorb shock
resulting in more force passing to the tibia and femur. The low arched
(pes planus) foot is more flexible allowing stress to be absorbed by the
musculoskeletal structures of the foot. It is also often associated with
prolonged pronation or hyperpronation which can induce a great
amount of torsion on the tibia and may exacerbate muscle fatigue as
the muscles have to work harder to control the excessive motion,
especially at toe-off. Theoretically, either foot type could predispose
to a stress fracture. Several studies have indicated that the risk of stress
fracture is greater for male recruits with high foot arches than with
low arches82–84 although not all have corroborated these findings.85

Most of the athlete studies are case series that do not allow
comparison of injured athletes. While pes planus may be the most
common foot type in athletes presenting to sports clinics with stress
fractures86,87, pes planus may be equally as common in athletes who
remain uninjured. It is possible that a relationship between foot type
and stress fracture may vary depending on the site of stress fracture.5,83

Therefore, studies may fail to find an association between certain foot
types and stress fractures because they have not analysed the data
separately by stress fracture site.

There is evidence from cohort studies to show that a leg length
discrepancy increases the likelihood of stress fractures in both
military88 and athletic58,79 populations but the injury does not seem to
occur on either the shorter or longer leg preferentially. Other
alignment features include the presence of genu varum, valgum or
recurvatum, Q angle, and tibial torsion. Of these, only an increased Q
angle has been found in association with stress fractures89 although
this is not a universal finding.85,90

The literature suggests that foot type may play a role in stress
fracture development but the exact relationship probably depends

Treatment of a stress fracture

501



upon the anatomical location of the injured region and the activities
undertaken by the individual. However, a leg length discrepancy does
appear to be a risk factor in both military and civilian populations and
thus a heel raise should be provided to the patient if necessary. The
failure to find an association between other biomechanical features
and stress fractures in cohort studies does not necessarily rule out
their importance. A thorough biomechanical assessment is an
essential part of both treatment and prevention of stress fractures.
Until the contribution of biomechanical abnormalities to stress
fracture risk is clarified through scientific research, correction of such
abnormalities should be attempted, if possible.

Muscle flexibility and joint range of motion

The role of flexibility is difficult to evaluate as flexibility
encompasses a number of characteristics including active joint
mobility, ligamentous laxity and muscle length. Numerous variables
have been assessed in relation to stress fractures including range of
rearfoot inversion/eversion, ankle dorsiflexion/plantarflexion, knee
flexion/extension and hip rotation/extension together with length
of calf, hamstring, quadriceps, hip adductors and hip flexor
muscles.58,85,90–94 Of these, only increased range of hip external
rotation92,93,95 and decreased range of ankle dorsiflexion91 have been
associated with stress fracture development and even these findings
have been inconsistent.

The difficulty in assessing the role of muscle and joint flexibility in
stress fractures may relate to a number of factors including the
relatively imprecise methods of measurement, the heterogeneity of
these variables and the fact that both increased and decreased
flexibility may be contributory. Until better evidence is available to
the contrary, it is worth prescribing stretches if muscle flexibility and
joint range are found to be restricted in the athlete who presents with
a stress fracture.

Menstrual status

Women with stress fractures should be questioned about their current
and past menstrual status. There is evidence from cross sectional and
cohort studies to show that menstrual disturbances increase the risk
of stress fracture58,80,90,96–107 and lead to premature bone loss particularly
at trabecular sites.108–112 Lower bone density in women may be
associated with a greater risk of stress fractures although results from
studies are mixed.58,102–106,113–115

The management of the amenorrheic female athlete with a stress
fracture is controversial. We would suggest treating each case
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individually. It may be possible to persuade the athlete to reduce the
amount and intensity of her activity and/or increase her body fat,
both of which may allow her menses to resume their normal pattern.
If the athlete is unwilling or unable to follow that course, the
possibility of hormonal supplementation should be discussed. The
hormones are usually taken in the form of one of the low dose oral
contraceptive (OC) pills. However, traditionally there is considerable
resistance by serious athletes to taking the OC pill on the grounds of
possible weight gain.

The ability of the OC pill to improve bone mass in amenorrheic
athletes or to reduce the risk of stress fractures has not been well
investigated despite the fact that the OC pill is commonly prescribed
as a treatment. Improvements in bone density with the OC pill do not
seem to be as great116,117 as those demonstrated with hormone
replacement therapies in postmenopausal women.118 Prospective
cohort studies in athletes58 and military recruits90 have failed to
support a protective effect of OCP use on stress fracture development
although numbers in the stress fracture groups were relatively small.

The role of bone density measurement in these patients is still
unclear. Bone density measurements compare the patient’s bone
density to the “average”, but it is known that bone density is
increased in those involved in weight bearing exercise119 and there are
no normative databases for athletes. We find bone density
measurement useful in the amenorrheic athlete both to provide a
baseline measurement prior to treatment and as an additional factor
(if reduced) in convincing the athlete to commence treatment.

Dietary intake 

Dietary surveys of various sporting groups often reveal inadequate
intakes of macro and micronutrients that are important for skeletal
health.120,121 Furthermore, athletes report a greater frequency of
disordered eating patterns than the general population especially
those in sports emphasising leanness and/or those competing at
higher levels.122 Low caloric intake has been hypothesised as one of
the mechanisms for menstrual disturbances in sportswomen.123

Disordered eating, amenorrhea and osteopenia often occur
simultaneously in athletic females, a syndrome that has been referred
to as the “female athlete triad”.124 This syndrome appears to be
encountered less frequently in female military personnel.125

There is currently little evidence to support low calcium intake
as a risk factor for stress fractures in otherwise healthy
athletic58,80,102,103,105,126 or military113 populations. In the only
controlled trial, calcium supplementation of 500 mg daily had no
significant effect on stress fracture incidence in male military
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recruits.19 Conversely, abnormal and restrictive eating behaviours do
seem to increase the likelihood of fracture in women.58,103,106,127

Healthy eating habits should be promoted in all individuals. If one
is concerned about dietary intake in those presenting with a stress
fracture, food records as well as biochemical and anthropometric
indices should be used to assess dietary adequacy and nutritional
status. Appropriate nutritional counselling should be provided if
necessary.

Bracing
The use of a pneumatic air brace may assist with stress fracture

healing in the leg and reduce the time taken to return to sport.
Swenson and his colleagues21 propose that the pneumatic leg brace
shifts a portion of the weight bearing load from the tibia to the soft
tissue, which results in less impact loading with walking, hopping and
running. They also suggest that the brace facilitates healing at the
fracture site by acting to compress the soft tissue thereby increasing
the intravascular hydrostatic pressure and resulting in a shifting of the
fluid and electrolytes from the capillary space to the interstitial space.
This theoretically enhances the piezoelectric effect and enhances
osteoblastic bone formation.

Two case series reported excellent results with the use of a
pneumatic leg brace. Dickson and Kichline128 included 13 consecutive
female athletes who had 16 tibial or fibular stress fractures diagnosed.
All athletes were able to return immediately to their sports without
disabling symptoms. Whitelaw et al129 reported on 20 tibial stress
fractures occurring in 17 competitive athletes. Resumption of activity
occurred after an average of 3·7 weeks and return to full, unrestricted
activity occurred after an average of 5·3 weeks. The authors claimed
that this represented a significant improvement when compared with
traditional treatment. Recently it was reported that four patients with
delayed union of anterior mid-tibial stress fracture all avoided the
need for surgery with the use of the leg brace together with modified
rest.130 However, being case series, none of these three studies had a
control group.

Two RCTs, one in military recruits20 and one in athletes,21 showed a
significant reduction in the time to recommencing training after
diagnosis of stress fracture with the use of a pneumatic leg brace
(weighted mean difference –42·6 days, 95% CI –55·8 to –29·4 days.10

Swenson et al21 randomly assigned eight patients with tibial stress
fracture to the traditional group and ten to the brace group. The
median time from the initiation of treatment to the beginning of
light activity was seven days for the brace group and 21 days for the
traditional group. The brace group became pain free on hopping at a
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median of 14 days after initiation of treatment as compared with a
median of 45 days for the traditional group. The time from the
initiation of treatment to the completion of a standard functional
progression programme was 21 days as compared with 77 days in the
traditional group.

A Cochrane review concluded that early mobilisation with the
support of a pneumatic brace accelerates return to activity.10 This
appears appropriate for tibial and fibular fractures, but in its current
design, the leg brace is not suitable for metatarsal or femoral stress
fractures.

Phase II

When normal, day to day ambulation is pain free, then resumption
of the impact loading activities begins. The rate of resumption of
activity is individual and should be modified according to symptoms
and physical findings. The time to return to sport is variable
depending on a number of factors such as the site of stress fracture, the
person’s age, competitive level, and time to diagnosis.131 Table 26.5
shows the percentage of stress fractures healed at various times in a
case series of 368 stress fractures in athletes.132 It is apparent that at
some sites such as the femoral neck, sesamoids and middle third of
tibia, recovery generally took longer than two months. However, at
other sites such as the fibula and metatarsals, recovery took less than
two months.
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Table 26.5 Percentage of stress fractures healed at different times in a case
series of 368 stress fractures in athletes. (Source: Adapted from Hulkko A,
Orava S.132)

Stress fracture site Healing period

2–4 weeks % 1–2 mths % >>  2 mths %

Tibia
Proximal third 0 43 57
Middle third 0 48 52
Distal third 0 53 47

Fibula 7 75 18
Metatarsals 20 57 23
Sesamoids 0 0 100
Femur

Shaft 7 7 86
Neck 0 0 100

Pelvis 0 29 71
Olecranon 0 0 100



There are no studies that have compared different return to sport
programmes. However, since healing bone is weaker, a progressive
increase in load is needed so that the bone will adapt with increases
in strength. For lower limb stress fractures where running is the
aggravating activity, we recommend a programme that involves
initial brisk walking increased by 5–10 minutes per day up to a length
of 45 minutes. Resumption of activity should not be accompanied by
pain but it is not uncommon to have some discomfort at the site of
the stress fracture. If bony pain occurs then activity should be ceased
for one to two days. If pain free with normal ambulation, the activity
is resumed at the volume and pace below the level at which the pain
occurred. The patient should be clinically reassessed at two-weekly
intervals, to assess the progress of the training programme and any
symptoms related to the stress fracture.

Once 45 minutes of continuous brisk walking is achieved without
pain, slow jogging can begin for a period of five minutes within the
45 minute walk. Assuming that this increase in activity does not
reproduce the patient’s symptoms then the amount of jogging can be
increased by five minutes per session on a daily or every other day
basis to a total of 45 minutes at slow jogging pace. This period of time
is necessary to load the bone slowly and to be sure that adequate
healing has occurred. Once the 45 minute goal is achieved, pace can
be increased, initially half pace then gradually increasing to full pace
striding. Once full sprinting is achieved pain free, functional activities
such as hopping, skipping, jumping, twisting and turning can be
introduced gradually. It is important that this process is a graduated
one and it is important to err on the side of caution rather than try to
return too quickly. A typical programme for an uncomplicated lower
limb stress fracture resuming activity after a period of initial rest and
activities of daily living is shown in Table 26.6.

This pattern of reintroduction of activity can be followed for other
sports. For example, with aerobics classes, reintroduction of aerobic
floor exercises should begin at two minutes per session with the
remaining 18 minutes of “cardio” spent on the exercise bike. This ratio
is gradually increased until the patient is back to full time floor exercise.

It is not infrequent for the patient to experience pain at some point
during the reintroduction of activity. This, by no means, is an
indication of a return of the stress fracture. In each instance, the
activity should be discontinued, followed by several days of modified
rest, and then training should resume at a level lower than at which
the pain occurred. If the clinician places the patient on an accelerated
programme for the reintroduction of activity, monitoring periods
should be adjusted accordingly, and in some cases, should be weekly.
Progress should be monitored clinically by the presence or absence of
symptoms and local signs. It is not necessary to monitor progress by
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radiography, scintigraphy, CT or MRI since radiological healing often
lags behind clinical healing.

When training resumes it is important to allow adequate recovery
time after hard sessions or hard weeks of training. This can be
accommodated by developing micro and macrocycles. Alternating hard
and easy training sessions is a microcycle adjustment but graduating the
volume of work or alternating harder and easier sessions can also be
done weekly or monthly. In view of the history of stress fracture, it is
advisable that some form of cross training, for example swimming and
cycling for a runner, be introduced to reduce the stress on the previously
injured area and reduce the likelihood of a recurrence.

Surgery
Surgery is virtually never required in the management of the routine

stress fracture. However, in the case of a displaced stress fracture
(for example neck of femur) or established non-union (for example
anterior cortex of tibia, navicular, sesamoids) surgery may be required.

Stress fractures requiring specific treatment
While the majority of stress fractures will heal without

complications in a relatively short time frame with relative rest,
there are a number of stress fractures with a tendency to develop
complications such as delayed or non-union and which require
specific additional treatment such as cast immobilisation or surgery.
These are described in Box 26.2. While it is beyond the scope of this
chapter to cover the treatment of these in detail, readers are referred
to other reviews in this area.133–135
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Table 26.6 Activity programme following uncomplicated lower limb stress
fracture following period of rest and ADL. (Taken from Brukner P, Bennell K,
Matheson G.134)

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
(mins) (mins) (mins) (mins) (mins) (mins) (mins)

Week 1 Walk 5 Walk 20 Walk 25 Walk 30 Walk 35 Walk 40 Walk 45

Week 2 Walk 20 Walk 15 Walk 15 Walk 10 Walk 5 Walk 5 Jog 45
Jog 5 Jog 15 Jog 20 Jog 25 Jog 30 Jog 35

Walk 15 Walk 15 Walk 15 Walk 10 Walk 10 Walk 5

Week 3 Jog 45 Jog 45 Jog 45 Jog 45 Jog 45 Jog 45 Jog 45
Stride 10 Stride 10 Stride 15 Stride 15 Sprint 0 Sprint 10 Sprint 15

Week 4 Add
functional Gradually increase all week
activities

Week 5 [RESUME FULL TRAINING]



Box 26.2 Stress fractures that require specific treatment

• Neck of femur
• Pars interarticularis
• Patella
• Anterior cortex, mid shaft tibia
• Medial malleolus
• Talus
• Navicular
• 5th metatarsal
• 2nd metatarsal (base)
• Sesamoid

Conclusion

The treatment of stress fractures can therefore be divided into two
phases. The initial phase involves pain management, modification (or
cessation) of the aggravating activity, muscle strengthening and
maintenance of aerobic fitness. An important component of this
phase is the identification and subsequent modification of risk factors
that may be training errors, biomechanical problems, hormonal
abnormalities and diet. The use of braces has been shown to reduce
the time to return to full activity in some lower limb stress fractures.
Similarly, the use of electrical stimulation and ultrasound may be
helpful. When the athlete is pain free, gradual resumption of the
aggravating activity should commence but this must be done in a
graduated manner as long as the athlete remains pain free. While
modified rest is the basis of treatment of most stress fractures, there is
a group of fractures that require specific treatment because of their
site or their tendency to delayed or non-union. These include stress
fractures of the neck of femur, anterior cortex of the tibia, navicular,
fifth metatarsal and sesamoid bones.

Summary: How to treat a stress fracture

Treatment Strategies

• Decide on overall management • Consider site of stress fracture
approach – if problematic, may require

special treatment
• Decide on stage of continuum of

bone strain
– use of appropriate diagnostic

procedures
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• Relieve pain and any swelling • Gait aids if necessary
• Ice
• Electrotherapy modalities

• Accelerate repair and • Potential therapies not yet proven
remodelling – drug regimens for example

intermittent PTH
– low intensity pulsed ultrasound
– electrical stimulation

• Avoid use of NSAIDs
• Modified rest • Maintain fitness

– deep water running
– low impact activities (for example

cycling, stepper)
• Muscle strengthening

– major muscle groups
• Modification of risk factors • Training

• Footwear and insoles
• Biomechanical abnormalities
• Muscle flexibility and joint range
• Menstrual status
• Dietary intake

• Facilitate return to sport • Use of a pneumatic air brace for leg
fractures

• Progressive loading regimen
• Monitor symptoms

Key messages

• Athlete should be pain free during recovery and return to sport
• A pneumatic leg brace for tibial stress fractures may speed return to sport
• Risk factors must be identified and corrected
• Aerobic fitness can be maintained with non-weight bearing activities
• Certain high risk stress fractures need specific treatment
• Healing should be monitored clinically

Case studies

Case study 26.1

A 20-year-old female distance runner presents with a ten day history of
increasing pain over the second metatarsal bone. She is preparing for her first
marathon and has recently increased her mileage significantly. She is a
vegetarian and has had only two menstrual periods in the past 18 months.
Radiography shows some periosteal reaction in the shaft of the second
metatarsal and the diagnosis of a stress fracture is made. How should this
patient be managed?
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Sample examination questions

Multiple choice questions (answers on 562)

1 Which of the following has been shown to be a risk factor for the
development of a stress fracture in females?

A Low calcium intake
B Eating disorders
C Menstrual disturbances
D Excessive subtalar pronation
E Leg length discrepancy

2 There is evidence that the following techniques have a positive
effect on the healing of certain stress fractures

A Pneumatic leg brace
B Electrical stimulation
C Non-steroidal anti-inflammatory medication
D Low intensity pulsed ultrasound
E Corticosteroid injection

3 Which of the following stress fractures requires specific treatment
other than rest and gradual resumption of activity

A Navicular
B Shaft of femur
C First rib
D Anterior cortex of tibia
E Medial malleolus

Essay questions

1 Discuss the role of risk factors in the development of stress
fractures.

2 What are the principles involved in the rehabilitation of an
uncomplicated stress fracture?

3 Draw up an activity programme for return to sport after an
uncomplicated lower limb stress fracture
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27: What is the best treatment
of subcutaneous rupture of the
Achilles tendon?
NICOLA MAFFULI, JASON WONG,
VICTORIA BARRASS

Introduction

The Achilles tendon is the most frequently ruptured tendon in the
body. Despite the developments over the last few decades, there is still
no consensus on the best way to deal with Achilles tendon ruptures
(ATRs).1,2 For example, there is no agreed protocol for management,
and the choice of management regimen still lies largely with the
preference of the surgeon and of the patient.2,3 The modalities of
management of an acutely ruptured Achilles tendon can be broadly
classified as open operative, percutaneous operative and non-
operative. Open repair has been the method of choice in the last two
decades in athletes, young people and patients with chronic ruptures,
as they require reconstructive surgery. Prior to this, conservative
management was favoured due to the low reported complication rate.
More recent studies on conservative management of acute ATRs have
utilised mobile splints which allow early mobilisation.4,5,6 These
studies produced promising outcomes, often equivalent to operative
repair studies, making conservative management a valid option.

In general, most surgeons would opt for operative management in
physically active patients. There is still controversy over which
operative technique gives the best outcomes. Some authorities
report an overall high complication rate using open repair7,8,9,10

noting predominantly skin problems while others show few
complications11,12,13 and a low rerupture rate.14,15,16 Percutaneous
repair17 minimises skin healing problems associated with operative
repair, and has the advantage of being easily performed under local
anaesthetic. However, the original attempts produced a relatively high
rate of sural nerve injury18,19 and higher rerupture rates in comparison
to open methods of repair.20 Percutaneous repaired Achilles tendons
are also less thick than those repaired by open procedures21 and some
patients may prefer the better cosmesis that this may afford.22 More
recent techniques minimise the risk of sural nerve injury.23

Many methods for operative repair of an ATR have been described
(Table 31.1), with the most recent articles reporting the use of



prosthetic materials such as marlex mesh, dacron weave and lactic
acid polymers.24,25,26 External fixation27,28,29 has yielded impressive
results, although the technique is seldom used in the West.

In this chapter, we attempt a quantitative review of the published
literature on the management of ATRs.

Box 27.1 Keywords used to search the Medline database

Keywords for main Medline literature search
Achilles tendon Rupture Postoperative complications
Incidence Tendon injuries Tendon

Subheadings used for Medline literature search
Abnormalities Physiopathology Anatomy & Histology
Injuries Grafting Surgery
Transplantation Pathology Physiology

Methods

A computerised literature search of the entire Medline database,
covering the years 1966 to the year 2000, was conducted. Keywords
used in the search are listed in Box 27.1. We retrieved all the articles
relevant to the subject. The search was not limited to articles in
English, and articles were also considered if they were published in
French, German, Italian, or Spanish. The authors’ own personal
collection of papers, and any relevant personal correspondences were
also included. To be included in this chapter, each article had to be
published in a peer review journal, and contain an exhaustive
description of patients and methods. We excluded case reports and
reviews of the literature. The conduct and validity of all clinical studies
were carefully considered, and the outcomes of management protocols
were carefully scrutinised. From a total of 193 publications, case
reports, reviews of the literature, and articles that did not mention
outcomes were excluded. This left a total of 1252,4–127 publications, all
of which included the outcomes of studies into Achilles tendon
ruptures. We examined all the articles identified in this fashion,
extracting and coding the information contained in each article. 

Data extraction

From each article, we extracted the year of publication, the number
of patients, the number of patients excluded, the average age, the type
of management, follow up, the complications and their rate, and
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outcomes. The complications from each article were divided into
three categories:

1 wound complications
2 general complications
3 rerupture rates.

The raw data was converted into percentages of the number of
cases per management group. Wound complications and general
complications were also further subdivided into major and minor
(Box 27.2).

Box 27.2   Definition of complications

Minor complications Major complications

Wound
Superficial infection Deep infection
Wound haematoma Chronic fistula
Delayed wound healing
Adhesion of the scar
Suture granuloma
skin necrosis

General
Pain Deep vein thrombosis
Disturbances in sensibility Pulmonary embolism
Suture rupture Tendon lengthening

Death

Where available, we also extracted data from 91 of the 125 studies
that mentioned patient satisfaction, and “good” or “excellent” results
were taken as a percentage of the study group for each individual
study and correlated with the methodology score for that particular
article.

Statistics

Data were entered in a commercially available database, and
analysed using SPSS version 9. We utilised Spearman’s correlation for
the study as we found that there was marked skew in the distribution
of publications with the bulk being published in the last decade.
There was also a skew in the distribution of the complication rates
and patient satisfaction, with a large majority of the studies having
low complication rates and the majority of patients being satisfied
with their management.
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Results

The 125 studies contained information on 5 370 patients. Many
articles contained material on several types of treatment, and
therefore data between different management methods were
separated into conservative management and immobilisation,
conservative management and early mobilisation, percutaneous
repair and immobilisation, percutaneous repair and early
mobilisation, open repair and immobilisation, open repair and early
mobilisation, and finally external fixation. We identified 26 articles
with 645 patients on conservative management, 17 articles with
369 patients on percutaneous repair, 99 articles with 4001 patients
on open repair, and three articles with 355 patients on Achilles
tendon repair with external fixation.

The vast majority of the studies, a total of 83, were retrospective.
There were 20 prospective studies, 18 retrospective comparative studies,
and only four randomised control trials.6,10,30,31

The average age of patients through all categories (conservative
and immobilisation, percutaneous and immobilisation, open and
immobilisation, conservative and early mobilisation, percutaneous
and early mobilisation, open and early mobilisation and external
fixation) of management remained remarkably constant (40·8, 40·6,
40·2, 40·0, 38·8, 37·7 and 42 years, respectively), ranging from 12 to
86 years of age.31,32

Management methods

Conservative techniques
The patients managed conservatively generally underwent a period

of immobilisation in a below knee cast in gravity equinus position for
four weeks, and were then placed into a more neutral position for a
further four weeks.9,10,33–39 Variations involved application of above knee
casts40–43 and shorter6,41, or longer33,40,42,43 periods of immobilisation. The
average period of immobilisation was nine weeks, and the average time
of follow up was 31·4 months for the conservatively immobilised group. 

Three studies described management purely by functional bracing4–6.
All reported good functional outcome and low re-rupture rates. The
average time of immobilisation in these studies was only two weeks
with an average follow up of 22·3 months.

The number of skin complications reported from all conservative
management methods was remarkably low at 3/578 (0·5%). All three
reported complications were minor adhesions arising from direct
trauma to the Achilles tendon prior to rupture. There were 55/645
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(8·5%) minor general complications, 4/645 (0·6%) major
complications, and 63/645 (9·8%) cases of re-rupture in the
conservative group (Table 27.1).

Percutaneous techniques
Nine studies utilised the technique described by Ma and Griffith in

1977.18–21,44–48 Variations of the technique were also described using
both general and local anaesthetic techniques.49–52 Relatively high
levels of sural nerve entrapment were noted in some studies utilising
the six percutaneous stab wounds technique21,43,47,50 and the five
percutaneous stab wounds technique,49 accounting for up to 16·7%
(8/48) of treated cases. However, Kosanovic48 presented a series of
36 patients using a six stab wounds percutaneous technique under
local anaesthesia reporting no sural nerve complications, and a
recent study of 16 patients by Atherton et al45 also reported similarly
good results. Webb et al23 devised a three transverse incision
approach to further minimise the complication of sural nerve injury.
Thirteen studies described similar immobilisation techniques to the
conservatively managed groups, whereas four studies described early
mobilisation in a splint or removable cast.49–52

The average age of patients undergoing percutaneous repair was 40·8
years for the immobilised group and 38·8 years for the early mobilised
group. The average period of immobilisation in the percutaneous
group was 7·7 weeks with an average follow up of 25·8 months and 9·8
months for the immobilised and early mobilised groups, respectively.
Two hundred and forty-seven patients had percutaneous repair and
immobilisation, and 122 patients had percutaneous repair and early
mobilisation. The number of minor wound complications reported
was 12/247 (4·9%), the general complication rate was 21/247 (8·5%)
minor and 2/247 (0·8%) major complications, with 9/247 (3·6%) cases
of rerupture in the immobilised group. The early mobilised group
sustained 8/122 (6·6%) minor and 4/122 (3·3%) major wound
complications, 18/122 (14·8%) minor and 1/122 (0·8%) major general
complications and 8/122 (6·6%) cases of rerupture.

Open techniques
Many different open methods of repair have been described. The

preferred method for early diagnosed ruptures has been simple
end to end suture.30 For neglected ruptures, allografts have been
used.12,53–55 However, more recently synthetic materials have been
utilised for augmentation allowing early mobilisation with promising
results.25,26,56 The use of augmentation for repair was not limited to
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delayed repair in neglected ATRs, hence the identification of all
neglected ATRs from the pool of studies was not possible. This meant
that data were often a combination of all open techniques. Our
analysis revealed at least 41 different open techniques (Table 31.1).
There were 3718 ATRs managed with open repair and immobilisation,
and 283 ATRs which were managed with open repair and early
mobilisation.

The average time of immobilisation was 6·8 weeks in the open
repair group, with a mean follow up of 42·6 months and 20·3 months
for the immobilised group and early mobilised group respectively.
457/3718 (12·3%) minor and 86/3718 (2·3%) major wound
complications, 301/3718 (8·1%) minor and 29/3718 (0·8%) major
general complications, and 82/3718 (2·2%) cases of re-rupture were
noted in the immobilised group. 14/283 (4·9%) minor and 1/283
(0·4%) major wound complication, 15/283 (5·4%) minor and 1/283
(0·4%) major general complication, and 4/283 (1·4%) reruptures were
noted in the early mobilisation group.

External fixation techniques
We identified three studies which used this technique.27–29 The

method of external fixation utilises proximal and distal Kirschner
wires with the foot in equinus for seven to eight weeks without post-
operative plaster immobilisation. Unfortunately, one of the articles29

had very little information on the post-operative complications, and
only mentioned a 95·55% excellent outcome rate from 314 ATRs.
From the other two studies, 41 patients were managed with external
fixation techniques. The average age of these patients was 42 years.
3/41 (7·3%) minor wound complications were noted, 3/41 (7·3%)
minor general complications, and no reruptures. The methodology
score for these two studies was 4527 and 73.28 The article by Tomokov29

had a methodology score of 35.

Outcome assessment

The vast majority of studies assessed the patients clinically
measuring calf circumference, gait, and the ability to stand on tip toe.
Many studies used other means of assessment, such as isokinetic or
isometric dynamometry.10,14,15,19,20,22,46,49,52,56–70 Dynamic fatigability
tests such as the heel raise tests have been used to assess functional
recovery following rupture.5,58,70 Imaging has also been utilised to
assess abnormalities in structural recovery in healing Achilles tendon
ruptures. Ultrasonography (US) is a cheap and quick method of
assessing Achilles tendons for abnormalities such as tendinopathies.3
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However, US does not give information on the return in the tensile
strength of ruptured Achilles tendons.3 Computer aided tomography
has been used to assess calf atrophy following ruptures and studies
have indicated that calf atrophy is more significant in those managed
conservatively. Magnetic Resonance Imaging has been used to
objectively assess scar formation following the use of various open
repair techniques, but only as a research tool.25,71,72

Subjective scoring

Few studies used formal subjective scoring to assess patient
satisfaction and recovery following ATRs. There were a number of
subjective scoring scales to assess patient satisfaction but, like the
repairs themselves, not one simple standardised method was used
repeatedly. Examples of scoring methods used include Arner and
Lindholm scale,73,74,75 Visual analogue scale,49 Visick’s scale,76 Tegner’s
score,41 Ankle Hind foot scale,56 Percy and Connochie scale,57,77

Modified Boyden Score,78 Mandelbaum and Pavinini scale,79 and
Holz scale.80

Discussion

It is remarkable that a condition so common, well described, and
whose management is still controversial has not produced a greater
number of randomised controlled trials. Unfortunately, this situation
is reflected in other musculo-skeletal ailments,128 and only recently
have randomised controlled trials become more widely planned in the
surgical specialities. We included all studies describing the management
of ATRs so that the whole spectrum of management techniques could
be represented, as over-selection of studies may have lead to the
overlooking of more novel approaches to ATR management.

A major problem noted while reviewing these articles was the lack
of consistency in design and presentation of the studies, especially
when reporting outcomes. Leppilahti et al78 designed a scoring
method to assess outcomes and prognostic factors in Achilles tendon
ruptures, and they proposed their scoring method as a standard
reporting method for future studies. Standardisation of reporting
would make the interpretation of different studies easier, but the
system advocated by Leppilahti et al78 has not been validated, and
contains outcome measures, such as isokinetic dynamometry, that
might not be widely available to the orthopaedic community.

We found an overwhelming bias of the studies to report operative
procedures rather than conservative measures. Just under two thirds
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(65·6%, 82/125) of the articles retrieved described the outcome of
open repair of Achilles tendon ruptures, and another 12% (15/125)
described open repair compared with either of the other two
management regimes. This publication bias probably reflects the fact
that open repair is the most popular method of management of a
ruptured Achilles tendon and that in general there is an increasing
bias for surgical intervention in orthopaedics.129

The average age of rupture remained remarkably consistent
throughout the different management groups, despite reports that
conservative management was reserved predominantly for older
patients. An explanation for a relatively young age group of affected
patients is probably due to the vast majority of ruptures being
associated with sport. 82·9% (92/111) of the patients were active in
sport prior to rupture of their Achilles tendons in a prospective study
by Cetti et al.30

Complication and rerupture rate

The overall complication rate in this present study may be
artificially high, as it was not possible to account for the fact that
wound, general and rerupture complications could all occur on the
one patient. The overall complication rate was calculated to be
664/5046 (22·4%), which is lower than reports by Lo et al130 (256/990,
25·9%) but greater than those reported by Wills131 (209/1003, 20·8%),
Cetti132 (576/4597, 12·5%) and Popovic133 (664/5046, 13·1%)
(Table 27.2). There appeared to be several key developments over the
last three decades which have allowed for the evolution in the
treatment of ATRs. Functional bracing, used in both conservative and
open procedures, seems to have produced a trend towards a decrease
in the number of reruptures. Contributions by Mcomis5 and Eames4

in conservative management and early mobilisation have heavily
influenced overall rerupture rate in conservative management
(63/645, 9·8% vs 62/578, 10·8%). Future use of functional bracing in
ATR studies will help consolidate the benefits early mobilisation has
to offer.

We paid particular attention to how complication rate changed
with time. Although, when compared with other review articles, there
did not seem to be a vast difference in reported complication rates,
when analysing individual studies published in specific years, a trend
for a decreasing number of complications emerged (Figure 27.1). This
would indicate that the management of ATRs is improving. Focus
on minimising skin healing complications, better surgical technique,
and emphasis on early mobilisation are probably the main factors
influencing this trend.
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The rate of wound complications was by far greatest in the open
repair and immobilised group (543/3718, 14·6%), with the open repair
and early-mobilised group and percutaneous repair and immobilisation
group and externally fixated group having half the rate of wound
complications (15/283, 5·4%, 12/247, 4·9%, 2/41, 4·9% respectively).
The patients managed with percutaneous repair and early mobilisation
demonstrated a relatively higher rate of wound complication (12/122,
9·9%). With regards to general complications, the highest rates were
found in the percutaneous and early mobilisation groups (19/122,
15·6%) and in the early-mobilised conservative group (11/67, 16·4%).
This is largely due to the high number of sural nerve injuries reported
associated with percutaneous management. Buchgraber et al49 reported
this complication in 8 of 48 patients who underwent this procedure.
However, studies by Atherton45 and Kosanovic48 managed to avoid this
complication altogether in 16 and 36 patients respectively. Expertise by
a given surgeon on the use of this technique may be the cause of the
discrepancies with this particular complication. For the other
management groups, the general complication rate remained relatively
low, affecting less than 10% of the study population. 

External fixation of 355 ATRs resulted in no reported re-ruptures.
Conservatively managed patients with functional bracing had a
rerupture rate of only 1·5% (1/67). Open repair and functional bracing
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gave similar rates of re-rupture (4/283, 1·4%), and the highest rates of
re-rupture were found in the conservative management and
immobilised group (62/578, 10·8%). The high re-rupture rate in the
conservatively managed group has been noted in many other studies
which may be a reason for its decline in popularity over the years.
External fixation is a very seldom mentioned and rarely used means to
manage ATRs, yet in our analysis it has the least reported re-rupture
rate, which is a major outcome measure when assessing the success of
management of ATRs. Meticulous maintenance and follow up of
external fixation in other orthopaedic domains have probably affected
the uptake of this method as a routine management option for ATRs.134

Overall, the best outcomes with regards to complication rates were
found in those patients managed with open repair and early
mobilisation (35/283, 12·4%). Complication rates using external
fixation (excluding the studies by Tomakov29) were also relatively low
at 14·6% (5/41). Patients who received conservative management
with early mobilisation and those who underwent percutaneous
repair with early mobilisation sustained high complication rates
(12/67, 32·8% and 39/122, 31·9% respectively), but better functional
outcome than those immobilised for longer durations. The majority
of these complications are minor. The other management regimes had
complication rates between 17·8% (44/247) and 25·7% (955/3718).

Surgical techniques

Due to the large variations in surgical techniques for repair of the
ruptured Achilles tendon, it is nearly impossible to demonstrate
which method gives the best overall outcome. The literature tends
to favour the use of simple end to end suturing (Kessler, Bunnel
and Masson) which accounts for 1394/4001 (34·8%) of all open
techniques used. Other open repair techniques usually use end to end
techniques with additional peripheral reinforcement.

The Ma and Griffiths17 repair and Delponte technique51 are the
most commonly used percutaneous methods accounting for 91/269
(33·8%) and 92/269 (34·2%) of percutaneous repairs. The popularity
of these techniques probably bear witness to their simplicity. In
general, it seems the simpler procedures are more favourable.

Conclusion

Operative management is the most common management modality
reported following spontaneous rupture of the Achilles tendon in
relatively young patients. Open repair and early mobilisation is
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probably the method of choice, offering a relatively low complication
rate and reliable early functional recovery. Promising results have also
been demonstrated in patients managed conservatively and mobilised
early, and this option may well be acceptable in those patients unfit for
surgery. It should be noted, however, that the articles detailing the
results of conservative management and early mobilisation mostly do
not deal with highly athletic patients, and that the good results
achieved with this treatment modality are therefore probably biased.
Despite the excellent results achieved in the patients managed by
external fixation, this method is seldom used and it is difficult to
envisage that it will be universally adopted, especially when others are
technically easier to perform and require less intensive follow up.134

Probably, management of uncomplicated subcutaneous tears of the
Achilles tendon should be individualised according to the concerns,
occupation, sports participation and health of the patient. If optimal
performance is required in athletes and patients with high levels of
physical activity, operative management is probably the treatment of
choice. Percutaneous repair should be considered in patients who do
not wish to undergo formal open operative repair, possibly for cosmetic
reasons, or perhaps because they view an open operative repair as a
more invasive procedure. Conservative management should probably
be reserved for older patients who are unlikely to achieve any major
benefit from an operative procedure, or for those patients who view
surgery as an unnecessary risk and if available functional bracing
should be used. We stress, however, that the lack of randomised
controlled trials, and the inevitable publication bias in the studies
published, means these recommendations are based on only partial,
possibly biased, evidence. Ultimately, the management regime should
be tailored to the individual and local expertise. However, the literature
emphasises keeping these regimes simple, and hence reproducible. 

Summary

• Achilles tendon ruptures are common, and their incidence is rising 
• There are few randomised controlled trials studying different modalities of

management
• Operative management is the most common management modality

reported following spontaneous rupture of the Achilles tendon in relatively
young patients.

Key messages

• Management of uncomplicated subcutaneous tears of the Achilles tendon
should be individualised according to the concerns, occupation, sports
participation and health of the patient. 
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• If optimal performance is required in athletes and patients with high levels
of physical activity, operative management is probably the treatment of
choice, with the present techniques offering a low complication rate and
reliable early functional recovery. 

• Percutaneous repair should be considered in patients who do not wish to
undergo formal open operative repair, possibly for cosmetic reasons, or
perhaps because they view an open operative repair as more invasive a
procedure. 

• Conservative management should probably be reserved for older patients
who are unlikely to achieve any major benefit from an operative procedure,
or for those patients who view surgery as an unnecessary risk and if
available functional bracing should be used. 

Case studies

Case study 27.1

A 32-year-old fit male doctor, playing five-a-side soccer, sprinted towards the
ball and experienced a sudden acute excruciating pain distal to his left calf.
The patient can put weight on the affected limb, but cannot push off with his
left foot. A gap is palpable 4 cm proximal to the insertion of the Achilles
tendon, and the calf squeeze test shows no motion at the left ankle. The
patient goes to the local gymnasium two to three times per week, and plays
with his children at the weekend. He wants “everything to be sorted out in the
best possible way”. 

Sample examination questions

Multiple choice questions (answers on p 562)

1 Regarding subcutaneous tears of the Achilles tendon:

A The management of subcutaneous tears of the Achilles tendon
is well codified

B Subcutaneous tears of the Achilles tendon are rare
C In general, most surgeons would opt for operative management

in physically active patients
D The choice of operative technique is unclear
E High quality randomised controlled trials are available to guide

physicians in evidence-based choices. 

2 Regarding percutaneous repair of subcutaneous tears of the
Achilles tendon:

A the technique minimises skin healing problems associated with
operative repair
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B can be performed under local anaesthetic
C using the original techniques, the sural nerve is rarely

injured
D rerupture rates are lower that following conservative

management, but higher than following open methods of
repair

E most complications experienced with this method of repair are
minor.

3 Regarding operative management of subcutaneous tears of the
Achilles tendon:

A Operative management is the most common management
modality reported following spontaneous rupture of the Achilles
tendon in young patients

B Open repair and early mobilisation results in a low rate of
functional recovery

C The rate of complications reported in recent studies is high
D Highly athletic patients are best treated with operative

methods
E When using open repair techniques, there is clear advantage in

using a core suture and strong peripheral reinforcement with
non-absorbable materials.

Essay questions

1 Conservative management of Achilles tendon ruptures: an option
in selected patients

2 Discuss the risks and benefits of open repair of Achilles tendon
ruptures

3 A 72-year-old smoker with chronic obstructive airways disease on
long term oral corticosteroids has ruptured his right Achilles
tendon. He would like to know what the options of treatment are.
Write short notes about what you would tell him.
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28: How do you manage
plantar fasciitis?
JERRY RYAN

Introduction

Plantar fasciitis is the most common cause of dorsal heel pain. Despite
this frequency medical providers are often misinformed regarding the
aetiology and treatment of this disorder. This misunderstanding can
lead to inappropriate and often ineffective treatment plans. Even with
appropriate intervention plantar fasciitis may prove resistant to a
variety of treatments and can be a source of frustration for the
provider and patient. This chapter will review the available medical
information regarding the pathophysiology, evaluation and
treatment plans for this common condition.

Internet search strategies

Medline, SPORTDiscus and Best Evidence were searched using
the terms “plantar fasciitis”, “heel pain” and “heel pain syndrome.”
In addition the same categories were combined with the various
treatment modalities including orthotics, heel cups and pads, night
splints, casting, surgery and extracorporeal shock wave therapy. Few
prospective randomised trials were identified. Weight was then given
to case control and large retrospective studies in the evaluation of the
various treatment modalities.

Anatomy

The plantar fascia consists of a medial, central (intermediate) and
lateral segment. Anatomy texts will often refer to the plantar fascia as
the plantar aponeurosis.1 Magnetic resonance imaging (MRI) studies
performed on patients with heel pain indicate that only the central
(intermediate) portion of the fascia is abnormal in these patients.2 The
plantar aponeurosis originates on the inferiormedial surface of the
calcaneus deep to the fat pad of the heel. The fascia then fans out
anterior and inserts onto the dorsal surface of the proximal
phalanges.3 This anatomical configuration forms the longitudinal
arch of the foot. The medial calcaneal nerve, a branch of the posterior
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tibial nerve, innervates the origin of the plantar aponeurosis. The
first branch of the lateral plantar nerve passes beneath the calcaneal
tuberosity, innervating the abductor digiti quinti as well as supplying
sensory branches to the plantar fascia. A collection of fat globules is
contained within a honeycombed matrix between the calcaneus and
the skin of the heel. In addition, the skin of the heel is the thickest
skin of the body. This combination of a specialised heel pad and
thickened skin functions as a shock absorber for the heel and
mitigates the effects of impact and friction on the heel during heel
strike.4 The thickness of the fat pad decreases with age transmitting
greater forces to the calcaneus with heel strike as the fat pad thins.

Windlass effect

The insertion of the distal fascia onto the proximal phalanges
produces a windlass effect first described by Hicks.5 Dorsiflexion of the
toes pulls the plantar fascia around the metatarsal heads, much like the
windlass of a sailboat. This anatomical arrangement increases traction
and strain on the plantar fascia and shortens the fascia between its
origin at the calcaneus and the metatarsal heads. The shortening of the
fascia raises the longitudinal arch and supinates the foot. In contrast
plantarflexion of the toes lengthens the aponeurosis between the
calcaneus and the metatarsal heads causing the arch to fall and the
foot to pronate.6 The windlass mechanism provides passive variation
of the flexibility of the forefoot. Plantar flexion of the toes pronates the
foot and increases the flexibility of the forefoot during the heel strike
phase of gait. Dorsiflexion of the toes during the push off phase raises
the arch and supinates the foot increasing the rigidity of the foot and
improving the efficiency of push off. These changes in the flexibility
are achieved without an active muscular component, increasing the
efficiency of the gait and improving endurance. The windlass
mechanism has been confirmed in cadaver studies.

Aetiology

The term fasciitis is a misnomer. Histopathological studies of the
plantar fascia in patients with heel pain reveal disorganisation of the
collagen fibres, an increase in the amount of mucoid ground
substance and an increase in number of fibroblasts with minimal
inflammation of the fascia. These changes are similar to those found
in overuse injuries of the Achilles and patellar tendon and the rotator
cuff mechanism and more accurately describe a tendinosis of these
structures. Tendinosis is a degenerative condition due to chronic



damage resulting from overuse and is not an inflammatory reaction.7

Thickening of the plantar fascia has been confirmed by MRI and
ultrasound studies. The plantar fascia in asymptomatic patients is
2–4 mm thick. The plantar fascia of symptomatic patients is 6–10 mm
thick.5,8 Due to the apparent lack of an inflammatory component in
the typical patient with heel pain it has been suggested that a more
appropriate term would be “heel pain syndrome” rather than plantar
fasciitis.

Microtears in the collagen fibres of the plantar fascia are thought to
be the aetiology of these histopathological changes. Heel impact does
not appear to cause the pathological changes found in patients with
heel pain syndrome. Gait studies performed on patients with heel
pain revealed no difference between the force of heel strike in the
affected and unaffected heel.9 Radiographs of many patients with heel
pain reveal a calcification of the plantar aponeurosis at its origin on
the calcaneus. This radiological finding is commonly referred to as a
heel spur. Heel spurs serve as markers for chronic heel pain but are not
the cause of the pain. Radiographs of asymptomatic patients often
reveal heel spurs10 and the presence of a heel spur does not alter
response to therapy.11

Diagnosis

The diagnosis of painful heel syndrome is made by history and
physical examination. Ancillary studies may be necessary to exclude
other similar conditions but are not necessary in most patients with
plantar fasciitis. 

History

The symptom most suggestive of painful heel syndrome is a sharp
heel pain when the patient first attempts to bear weight on the heel
after sleeping or being recumbent for several hours. The pain is
frequently severe enough to prevent the individual from putting their
full weight on the heel for several minutes. Gradually the pain
subsides as the patient ambulates. The pain may recur during the day
when the patient attempts to walk after sitting for a prolonged period
of time. The aetiology of this pain is conjectured to be either oedema
of the aponeurosis from microtears of the fascia or a disruption of the
tendon matrix that is laid down as the body attempts to repair these
microtears. Most individuals will also experience a dull, aching pain
of the medial heel throughout the day. The intensity of this pain is
most often dependent upon the amount of time the individual stands
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on his/her feet during the day and/or the patient’s weight. The heel
pain may radiate distally towards the metatarsal heads. Pain radiating
to the Achilles tendon or more proximally is unusual. The medial heel
is most commonly involved but in severe cases the patient may
describe pain of the entire dorsal heel.

Most patients do not recall a history of trauma or change in their
usual routine prior to the onset of the heel pain. Injury to the plantar
aponeurosis is rarely associated with trauma. An important exception to
this rule is young male runners. Runners will often report an increase
in either the intensity of training or a significant increase in average
mileage prior to the onset of the heel pain. There is little evidence that
either a change in running shoes or the condition of the shoes increases
the risk of plantar fasciitis. For most patients an increase in body mass
and daily activity are the likely causes of their symptoms.

Physical examination

Essentially all patients with plantar fasciitis will have pain on
palpation of the medial calcaneus at the origin of the plantar
aponeurosis. Failure to elicit pain while palpating the medial
calcaneus should prompt a search for an alternative cause of the
patient’s symptoms. Dorsiflexion of the great toe increases plantar
fascia tension and may also cause medial calcaneus pain. This finding
is very specific for plantar fasciitis but unlike direct palpation of the
calcaneus, is not found in the majority of patients. 

Although not critical in the diagnosis of painful heel syndrome the
forefoot should be evaluated for any abnormalities. Individuals with
either a high, rigid arch (pes cavus) or a flattened arch (pes planus)
and excessive forefoot pronation (forefoot valgus) have an increased
incidence of plantar fasciitis. It may be helpful when evaluating
runners to ask the patient to bring in a well worn pair of running
shoes. Examination of the wear pattern on the soles of running shoes
can be very helpful in the identification of an abnormal gait. The
abnormal gait may increase the strain on the plantar aponeurosis and
increase the likelihood of an overuse injury.

The posterior heel should be carefully examined for other potential
causes of heel pain. The insertion of the Achilles tendon, the calcaneal
bursa and the posterior point of the heel should be firmly palpated in
an attempt to discover additional areas of pain. The Achilles tendon
is evaluated for the presence of a pump bump or thickening of the
calcaneal bursa. The medial and lateral calcaneus should be percussed
along the path of the medial calcaneal and lateral plantar nerves in an
attempt to elicit a Tinel’s sign indicating nerve entrapment. Pain
upon palpation of the metatarsal heads suggests metatarsalgia or
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metatarsal fracture. Careful note should be made of any warmth or
erythema of the skin, an unusual finding in plantar fasciitis. The
dorsal surface of the heel is examined for signs of trauma or
ecchymosis and the skin evaluated for the presence of calluses or
plantar warts.

In the absence of a history of trauma, radiographs are not necessary
to diagnosis plantar fasciitis. A history of trauma, however, should
prompt the examiner to rule out a fracture or other bony abnormality.
Radiographs are not indicated initially to evaluate the calcaneus for
the presence or absence of a heel spur as the presence of a heel spur
adds little to the initial evaluation and management of plantar
fasciitis.11,12 More extensive studies such as MRI, ultrasound or bone
scan should be reserved for patients with recalcitrant pain and
atypical presentations. Radiographs are indicated, however, for the
initial evaluation of pediatric and the elderly patients presenting with
heel pain due to the low incidence of plantar fasciitis in these
populations. A prospective study of a thousand consecutive visits to a
pediatric practice revealed only eight visits for heel pain, all due to
Sever’s disease, an apophysitis of the calcaneus.13 Radiographs of the
heel are usually adequate in making this diagnosis but a bone scan or
MRI are indicated if radiographs are normal and the examination is
highly suggestive of Sever’s disease. Plantar fasciitis is also rarely a
cause of heel pain in the elderly. The most likely reason for this low
incidence is the decreased activity level of the geriatric population.
Radiographs should be obtained on all elderly patients to rule out
bony metastases to the heel or fracture.

Differential diagnosis

A careful physical examination should allow the diagnosis of
plantar fasciitis to be made in most patients. An alternative diagnosis
should be considered in patients with an atypical history, pain on
palpation of areas other than the medial calcaneus as well as patients
who fail to respond to therapy (Box 28.1 below).

Box 28.1 Differential diagnosis

Musculoskeletal

• Calcaneal apophyisitis
• Fractures
• Metastatic disease
• Contusion
• Achilles tendinitis and bursitis
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Neurological

• Posterior tibial nerve (Tarsal tunnel syndrome)
• Medial branch of the posterior tibial nerve
• Lateral plantar nerve

Systemic disease

• Reiter’s syndrome
• Ankylosing spondylitis
• Lupus

Musculoskeletal
Bony abnormalities should always be considered in children and

the elderly. In addition, a history of trauma or sudden onset of pain
warrants a search for an alternative diagnosis. Fractures resulting
from seemingly minor trauma necessitate a search for underlying
abnormalities such as Paget’s disease, osteoporosis or metastatic disease.

Pain due to Achilles tendinitis or bursitis rarely involves the dorsal
aspect of the heel and can usually be distinguished on physical
examination from plantar fasciitis. Runners may have both Achilles
tendinitis and plantar fasciitis as both injuries are frequently the
result of excessive mileage. Fortunately, the treatments for both these
conditions are similar and most patients will respond even if it is
difficult to determine which injury is the primary cause of a runner’s
symptoms.

Neuralgia
Injury or entrapment of either the posterior tibial nerve or the

lateral calcaneal nerve can produce heel pain. Unlike plantar fasciitis,
neuropathic pain is often worse at bedtime or awakens the patient
from sleep. Patients may report hyposthesia or hypersthesia of the
distal foot. Patients with neuralgia as the source of their heel pain do
not typically have pain with palpation at the insertion of the medial
plantar aponeurosis nor does dorsiflexion of the great toe exacerbate
symptoms. Nerve conduction studies may be of value in patients with
tarsal tunnel syndrome but are not helpful in the evaluation of
patients with suspected neuralgia due to an abnormality of the
branch of the lateral calcaneal nerve innervating the abductor quinti
minimum.

Systemic disease
Heel pain may be due to a systemic inflammatory illness. Reiter’s

syndrome (arthritis, urethritis, and conjuncitivitis), ankylosing



spondylitis, systemic lupus erythematosis as well as other connective
tissue illnesses may present as heel pain. Clinicians should be on the
alert for an underlying illness if physical examination reveals any
evidence of erythema, warmth or effusion of the heel suggesting
an inflammatory process. Radiographs are of limited use in
differentiating plantar fasciitis from an inflammatory illness but bone
scans and MRI are useful if the diagnosis is in doubt. The concurrent
onset of heel pain and other connective tissue abnormalities should
always prompt an investigation for an underlying illness. If an
underlying illness is discovered, treatment of the underlying illness
should be initiated and therapy of plantar fasciitis should be reserved
for those who do not respond to treatment of the underlying illness.

Treatment

Despite being surpassed only by ankle sprains as the cause of lower
extremity pain in runners,14 the treatment of plantar fasciitis has not
been extensively evaluated. Two recent systematic reviews yielded a
limited number of prospective randomised controlled trials of
frequently utilised treatments for plantar fasciitis.15,16 In addition,
available studies would suggest that 80–85% of patients presenting
with plantar fasciitis will experience improvement of symptoms
within the first six months regardless of the treatment utilised.17,18,19

Keeping these limitations in mind, commonly utilised treatments
will be ranked according to the quality of the available evidence.
Recommendations will be made based upon the strength of this
information.

Rest

No randomised trials were found addressing this intervention. Two
retrospective studies surveyed patients and asked them to rank their
satisfaction with the interventions they had received. Rest was ranked
third behind casting and injection amongst the 11 interventions
evaluated in one study and as the most effective in the other. A
combined total of 514 patients were surveyed in the two studies.18,19

Recommendation
Rest is likely to be helpful but has little support in the literature.

Most patients will experience a significant decrease in pain within the
first six months regardless of the initial intervention chosen.
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Heel cord stretching

Although heel cord stretching is included in virtually all treatment
plans for plantar fasciitis only one study was found that looked at
stretching as an isolated treatment. Seventy-two percent of patients
assigned to stretching alone reported improvement of symptoms
compared to 88% of patients who used prefabricated splints and
stretching.20 The trial did not include an observational group to serve
as a control so the effectiveness of the stretching programme could
not be assessed.

Recommendation
Heel cord stretching is likely to be helpful but has little support in

the literature.

Heel pads and orthotics

A review of the available information on the efficacy of heel pads
and orthotics in the treatment of plantar fasciitis reveals conflicting
information. Lynch et al found that only 30% of the patients they
studied rated symptom improvement as fair to excellent with the use
of heel cups while 70% of the patients treated with custom moulded
orthotics reported a similar level of improvement.17 In contrast,
Pfeffer et al found that the use of prefabricated heel cups was
significantly more effective in relieving symptoms than were custom
molded orthotics.20 It should be noted that the study by Pfeffer et al
was funded primarily by the makers of prefabricated heel pads. The
surveys by Gill et al18 and Wolgin et al19 both found patients ranked
arch supports as highly effective interventions. The survey by Gill
ranked the use of a heel cup as the least effective intervention.18

Biomechanical studies do not support the use of heel cups in the
treatment of plantar fasciitis. Heel force impact studies reveal that
the heel strike forces in patients with plantar fasciitis are the same in
the painful and asymptomatic21 heels. An earlier study on impact
forces revealed similar findings and heel pads were found to be
effective only in those individuals with localised heel pain from
contusions but not in patients with plantar fasciitis.22 In contrast to
these findings custom moulded orthotics have been shown to reduce
the tension of the plantar aponeurosis although preformed orthotics
did not produce a similar reduction in tension.23 As stated previously
excessive tension at the origin of the plantar aponeurosis is thought
to be the aetiology of plantar fasciitis. Reducing plantar fascia tension
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would be expected to reduce pain and aid healing. No similar
biomechanical model exists for the action of heel pads.

Recommendation
Heel pads – Heel pads were found effective in a single study but were

ineffective in the remainder of the investigations. Heel pads are not
recommended for the treatment of plantar fasciitis but may benefit
patients with heel pain due to a contusion.

Orthotics – Although studies do not universally support the use of
orthotics the weight of the evidence favours a benefit from orthotics.
Custom moulded orthotics are likely to be more effective than
preformed orthotics but the high cost of custom orthotics limits
their use in the initial treatment of plantar fasciitis. Orthotics are
recommended in the initial treatment of plantar fasciitis.

Taping

Various methods of taping are employed but all methods run the
length of the longitudinal arch. The tape decreases the amount the arch
flattens during the stance phase decreasing the tension of the plantar
fascia during the stance phase. Due to the inconvenience of frequently
re-applying the tape, taping is typically used to provide immediate relief
until the patient is able to obtain orthotics or modified footwear.
Despite the frequent use of taping in the acute care of plantar fasciitis
no studies were found evaluating the effectiveness of taping.

Recommendation
Taping has not been adequately evaluated and no recommendation

can be made regarding its use in the treatment of plantar fasciitis.

Night splints

Tension night splints have been utilised to maintain the foot in
maximum dorsiflexion while the patient sleeps. This form of therapy
is purported to allow the fascia tissue to begin to heal with the plantar
aponeurosis in full extension and reduce the tension at the origin of
the fascia at the calcaneous. This mechanism of action has not been
confirmed by any biomechanical models. Preformed and custom
moulded splints have been utilised.

The use of tension night splints was first evaluated by Wapner et al 24

Fourteen patients with symptomatic plantar fasciitis for greater than



one year who had not responded to multiple interventions were
splinted in five degrees of dorsiflexion overnight. Eleven of the
patients had complete relief of their symptoms within four months.
Subsequent studies revealed similar improvements.25,26 A more
recent prospective study compared the use of non-steroidal anti-
inflammatories, shoe modifications and stretching with a programme
utilising these same interventions and night splints.27 One hundred
and sixteen patients were followed for 12 weeks. There was no
difference in the outcomes of the two groups. The discrepancies in
these studies are likely due to the different populations in the various
studies. Studies that demonstrated the efficacy of night splints enrolled
patients who had failed to respond to other modes of therapy for
extended periods of time. The study that did not demonstrate a
treatment advantage with the use of night splints utilised the splints as
initial treatment modality. As described earlier up to 85% of patients
will experience significant relief of symptoms regardless of the initial
therapy chosen. In addition, due to the small size of this study it would
be very difficult to demonstrate a treatment advantage from any
intervention used for the initial treatment of plantar fasciitis.

Recommendation
Tension night splints are effective in the treatment of recalcitrant

plantar fasciitis.

Casting

Patients with severe heel pain are frequently fitted with a short leg
walking cast. A retrospective study of 411 patients with plantar fasciitis
listed casting as the most effective therapy among the multiple
therapies employed.18 Only one small prospective study was found
addressing the use of casting for the treatment of plantar fasciitis.
Thirty-two patients with prolonged heel pain who had failed multiple
other modes of therapy were treated with a short leg walking cast. Only
24 patients completed the study and 86% of these patients reported
significant improvement following treatment with the cast.28 The study
is limited, however, by the high drop out rate (8 of 32 patients) and the
lack of a control group. The efficacy of casting is limited as prolonged
use of a cast may induce atrophy of the lower leg musculature.

Recommendation
Casting may be helpful in the treatment of recalcitrant plantar fasciitis

but no quality studies have been done to document its effectiveness.
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Steroid therapy

Corticosteroids are often used to treat plantar fasciitis. Separate
prospective randomised controlled trials (RCT) have demonstrated an
initial treatment effect for the use of iontophoresis29 and percutaneous
injection30,17 to infiltrate the plantar fascia with corticosteroids. These
studies also found the benefits to be transient. No significant
difference in pain relief was discernable between the control patients
and those treated with steroids after the first month. All of the RCT’s
of corticosteroid injections involved small numbers of patients.

Steroid injections may carry a significant risk of precipitating
rupture of the plantar fascia. Acevedo and Beskin reviewed the records
of 765 patients treated for plantar fasciitis.31 Fifty-one patients
experienced a rupture of the plantar fascia. Forty-four of these
patients received a steroid injection prior to the rupture. The authors
performed corticosteroid injections in 122 patients and 12 of these
patients later ruptured their plantar fascia. Ultrasound has been
utilised to guide the placement of the corticosteroid but there is no
evidence this technique enhances outcome or decreases long term
complications. If corticosteroid injections are used the proper method
of injection is a medial approach at the point of greatest pain on the
medial calcaneus. The injection should not be administered by
puncturing the heel pad as this approach results in greater discomfort
to the patient. No studies were found that demonstrated a risk from
the application of corticosteroids with iontophoresis.

Recommendation
Although frequently utilised in the initial treatment of plantar

fasciitis the benefits of corticosteroids appear to be very short lived. In
addition corticosteroid injections have the potential for precipitating
rupture of the plantar fascia. In view of the limited evidence of
lasting relief of symptoms and the potential for significant harm
corticosteroid injections are not recommended in the initial
treatment of plantar fasciitis. The value of steroid injections in the
treatment of recalcitrant plantar fasciitis is uncertain and also carries
the risk of patient harm. Although iontophoresis has not been shown
to increase the risk of plantar aponeurosis rupture the limited benefit
provided by the treatment does not justify the cost of this treatment.

Extracorporeal shock wave therapy (ESWT)

Extracorporeal shock wave therapy is advocated in the treatment of
plantar fasciitis. Enthusiasm for this mode of therapy is centered in
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Germany, Switzerland and Austria. These same countries are home to
the manufacturers of the ESWT apparatus. Two small RCTs and one
moderate size RCT have been published but all have significant
shortfalls. Earlier studies by Rompe et al have unusal patient selection
criteria.33,34 A later study by Speed et al was a small study with a high
drop out rate in the placebo group (5/15).32 An intention to treat
analysis would not have shown any treatment advantage. Due to
concerns regarding the cost of the procedure and limited evidence
supporting the use of the ESWT the health ministries of Germany,
Austria and Switzerland have suspended reimbursement for ESWT
pending further investigations of its effectiveness.35

Recommendation
In view of the strong stance several health ministries have taken

against the use of ESWT and the concerns regarding the quality of the
studies supporting its use. ESWT cannot, at this time, be recommended
for the routine treatment of plantar fasciitis.

Radiofrequency therapy

A single study was found utilising radiofrequency therapy in the
treatment of plantar fasciitis. Sollitto et al utilised a fluoroscopy guided
radiofrequency probe to cauterise the plantar fascia at its insertion on
the medial calcaneus. Ninety-two percent of the 39 patients treated
experienced complete relief of their pain.36 These results, however,
must be viewed with some caution. Most of the patients had less than
six months of pain prior to the procedure and many had only
experienced pain for two to three months. Most of these patients
would be expected to have improved with other less invasive
measures. In addition there was no control group in the study.

Recommendation
Due to the invasive nature of this therapy and the limited evidence

supporting its use radiofrequency lesioning of the plantar fascia can
not be recommended at this time for the treatment of plantar fasciitis.

Surgery

Patients should not be considered for surgery unless conservative
measures have been unsuccessful for 12 months. A waiting period of
six months is frequently recommended but a significant number of
patients will experience resolution of symptoms between six and
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12 months.19 Plantar fasciotomy is often combined with a neurolysis of
the nerve to the abductor digiti quinti.37 Endoscopic and open
fasciotomy appear to have similar results although this has only been
studied utilising restrospective patient surveys.38 Initial relief of
recalcitrant heel pain after surgery is reported to be 70–90% in several
studies.37,38,39,40,41 Long term results are not as encouraging. Fasciotomy
results in a flattening of the longitudinal arch and a shifting of peak
forces of ambulation from the heel to the mid foot.40 This shift results
in an increase in mid and forefoot problems following surgery. Davies
et al found that despite initial satisfaction with surgical results, 48%
of 43 patients who underwent fasciotomy were unhappy with the
results.39 Although patients surveyed by Fishco et al as well as Sammarco
and Helfrey reported a higher level of satisfaction post-operative, one
third of these patients reported persistent mid and forefoot pain.37,41

MRI analysis of patients with persistent pain revealed recurrent plantar
fasciitis, pathology related to arch instability and structural failure from
overload as the most common abnormalities in patients with persistent
or recurrent pain following plantar fasciotomy.42

Recommendation
Surgical intervention should be reserved for patients with heel pain

resistant to all other more conservative measures. A significant number
of patient with plantar fasciitis may experience relief of symptoms as
late as one year following presentation without invasive interventions.
Due to the likelihood of resolution of symptoms significant pain
should be persistent for a minimum of six months, and more typically
one year, before the patient is considered to have failed conservative
therapies. Although surgery is likely to provide short-term relief to the
great majority of patients, long-term results are not as encouraging.
Patients should be made aware of the potential for subsequent forefoot
problems resulting from the lysis of the plantar aponeurosis prior to
performing surgery.

Summary

Heel pain due to plantar fasciitis frequently prompts patients to seek
medical treatment (Figure 28.1). The diagnosis can in most cases be
made after a careful examination. Atypical history or physical findings
as well as heel pain in very young or very old patients should prompt
an evaluation for other causes of heel pain. Radiographs are of little
value for most patients. Once the diagnosis has been established a
conservative treatment plan of rest, stretching and orthotics will
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provide relief for the majority of patients though the evidence
supporting these measures is limited. Although heel cups are
frequently utilised in the initial treatment of plantar fasciitis the
majority of current studies does not support their use. For patients with

No

Heel pain

Pain intensified with first step of
day and palpation of medial
calcaneus reproduces pain

History of traumaYes
Radiographs
to evaluate
for fracture

No

Fracture
found

Treat
fracture

Radiographs
normal

Yes

Evaluate for
alternative
diagnosis

Adolescent or
elderly patient

NoYes

Radiographs and
evaluation for
alternative diagnosis

Evaluation does not
reveal alternative
diagnosis

Begin conservative treatment for
4–6 weeks with rest, stretching,
premade orthotics, and weight
loss if appropriate.

No improvement

Night splints

No improvement

Short leg cast 4–6 weeks

No improvement

Corticosteroid injection

No improvement

Symptoms
improve

No further
treatment

MRI  to evaluate for other aetiology of heel pain.
Nerve conduction studies if history or
examination suggests neurological component.
If MRI or nerve conduction studies do not reveal
alternative etiology consider surgery if
symptoms present for greater than six months.

Figure 28.1 Approach to patient with heel pain.



persistent symptoms a trial of night splints or casting is appropriate.
Due to the limited long-term relief of symptoms and the risk of fascia
rupture, steroid injections should be reserved for patients with
symptoms persisting more than three to six months. Surgery should
be considered only if patients remain symptomatic for more than
12 months and patients should be warned of the increased risk of mid
and forefoot problems following surgery. ESWT and radiofrequency
lesioning should be considered investigational at this time and cannot
be recommended as routine treatment of plantar fasciitis.

Sample examination questions

Multiple choice questions (answers on p 562)

1 Plantar fasciitis is an uncommon cause of heel pain in which of the
following patients?

A Ten-year-old athlete
B Twenty-year-old long distance runner
C Thirty-year-old obese female
D Forty-year-old factory worker

2 Which of the following therapies increases the potential for rupture
of the plantar fascia?

A Stretching of the plantar fascia
B Night splints
C Corticosteroid injections
D Casting

3 Surgery for relief of heel pain due to plantar fasciitis should only
be considered if the patient has not responded to conservative
therapy for a minimum of

A Six weeks
B Three months
C Six months
D One year

Essay questions

1 Describe the pathophysiological mechanism for plantar fasciitis.
2 Explain why the pain of plantar fasciitis is greatest on the medial

calcaneus.
3 Describe the role of radiographs in the evaluation of plantar fasciitis.
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Summarising the evidence

Intervention Results Level of
evidence*

Rest Although most patients will likely respond to simple C
rest no RCTs exist verifying its effectiveness
compared to more active forms of therapy

Stretching Recommended in most treatment guidelines but no C
RCTs to confirm effectiveness over simple rest

Orthotics Two small RCTs showed trend toward benefit A4
of orthotics over stretching for initial treatment. Most
evidence supporting use based upon retrospective
surveys

Heel cups One RCT showed improvement over stretching alone. A4
Large retrospective survey revealed little benefit

Night splints Three small RCTs showed significant improvement A3
in recalcitrant plantar fasciitis with the use of 
night splints. One moderate size RCT for initial
treatment of plantar fasciitis did not show improvement 
when adding the use of night splints to stretching, 
anti-inflammatories and shoe recommendations. 
The lack of efficacy of night splints for the initial 
treatment of plantar fasciitis is not surprising as 
80–85% of patients with acute plantar fasciitis will 
experience symptom improvement regardless of the
initial form of treatment

Casting No RCT but cohort studies reveal benefit for recalcitrant B
plantar fasciitis

Corticosteroid One small RCT showed initial benefit for steroid injection A4
injections and one small RCT showed initial benefit for

iontophoresis but benefit was transient in both groups.
Large retrospective study of patients who received 
corticosteroid injections revealed significant risk for 
plantar fascia rupture following injection

Surgery No RCTs, cohort studies of patients with recalcitrant B
plantar fasciitis support improved outcomes 
following surgery. Surgery may increase long term 
risk of later mid-foot and fore-foot problems

Extracorporeal 3 RCTs, one of moderate size. Early RCTs 
shockwave reported benefit form treatment but later study did not. A3
therapy Efficacy challenged by health ministries of several 

countries
Radiofrequency No RCTs and no high quality cohort studies. C

lesioning Not recommended at this time for treatment
of plantar fasciitis

* A1: evidence from large RCTs or systematic review (including meta-analysis)
A2: evidence from at least one high quality cohort
A3: evidence from at least one moderate sized RCT or systematic review
A4: evidence from at least one RCT
B: evidence from at least one high quality study of non-randomised cohorts
C: expert opinion
† Arbitrarily, the following cut-off points have been used; large study size: ≥ 100 patients
per intervention group; moderate study size ≥ 50 patients per intervention group.
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MCQ answers

Chapter 1
1 = B and C, 2 = all false, 3 = A and C

Chapter 4
1 = E, 2 = C, 3 = D

Chapter 5
1 = A and B, 2 = all true, 3 = A, B and C

Chapter 6
1 = B, 2 = E, 3 = A

Chapter 7
1 = E, 2 = C, 3 = B

Chapter 8
1 = all false, 2 = A, B, C, D and E, 3 = B, C and D

Chapter 9
1 = A and B, 2 = A and C, 3 = A, B and D

Chapter 10
1 = D, 2 = B, 3 = C, 4 = E, 5 = A

Chapter 11
1 = A, B, C and D, 2 = B and C, 3 = A, B and C

Chapter 12
1 = B, 2 = E, 3 = E, 4 = C, 5 = B

Chapter 13
1 = C, D and E, 2 = A, B and D, 3 = E

Chapter 14
1 = D, 2 = E, 3 =B

Chapter 15
1 = B and E, 2 = C and D, 3 = B and E
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Chapter 16
1 = C and D, 2 = B, 3 = D

Chapter 17
1 = B, 2 = C, 3 = C

Chapter 18
1 = B, C and D, 2 = A, C and D, 3 = B, C and E

Chapter 19
1 = C, 2 = A, 3 = E

Chapter 20
1 = B, C and E, 2 = B and C, 3 = A, B and C

Chapter 21
1 = A and B, 2 = D and E, 3 = C

Chapter 22
1 = E, 2 = E, 3 = B

Chapter 23
1 = A, 2 = D, 3 = C

Chapter 24
1 = E, 2 = B, 3 = C

Chapter 25
1 = A, 2 = B, 3 = B

Chapter 26
1 = B, C and E, 2 = A, B and D, 3 = A, D and E

Chapter 27
1 = C and D, 2 = A, B, D and E, 2 = A and D

Chapter 28
1 = A, 2 = C, 3 = D
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Page numbers in bold type refer to figures;
those in italic refer to tables or boxed
material 

abdominal adiposity see body fat
abdominal injury 119, 122
abduction stress test 376
abstracts, structured, of research 6
acceleration-deceleration forces 73
accuracy, definition 8
Achilles tendinitis 547
Achilles tendon, examination in plantar

fasciitis 545
Achilles tendon ruptures (ATRs) 518–41

case study 533
complications 520, 521–2

rates 528, 530, 530–1
conservative management 518,

521–2, 523
early mobilisation with 524, 532
rerupture rate 530–1
surgery v 535

external fixation 525, 526, 530
individualisation of treatment 532
open repair 518, 522, 524–5, 526, 527–8

complication rates 530
conservative management v 535
early mobilisation with 525, 531–2
techniques 531

outcome assessment 526–7
percutaneous repair 518, 522, 523

complication rates 530
early mobilisation with 525
techniques 531

rerupture rates 528, 530–1
studies

inconsistency in design 527
lack of randomised trials 532
literature search strategies 519, 519–20
statistics and research 520, 521
summary 523–5, 529

ACSM Consensus Conference 197, 201–3
activity, daily see lifestyle physical activity
acupuncture, chronic low back pain 227
acute phase proteins, synthesis 85
adduction stress test 376
adductor muscles, hip 393

injury, management 397–8
weakness 394

adductor strain
groin pain 393
management 397

adolescence, spondylolisthesis 241–2

aerobic exercise capacity
exercise in asthma management 169,

171, 172, 173
infectious mononucleosis 89
reduced during fever/acute infection 84

Aircast stirrup 454, 457, 461, 462
ankle sprain management 454
ankle sprain prevention 456, 457,

477, 478
potentially negative effects 462

amenorrhoea 278, 279, 279
bone density loss 280, 503
musculoskeletal injuries 280

American College of Sports Medicine
(ACSM) Consensus Conference 197,
201–3

American football
ankle sprain prevention by bracing 457
exercising with fever/infection 85–6

amino acids, release from muscle 85
amnesia, post-traumatic (PTA) 71
Amsterdam-Maastricht Consensus List

for Quality Assessment 291, 292, 308–9
analgesia

chronic low back pain 227
corticosteroid injections v in shoulder

pain 302–3, 303
ice application effect 50, 52
PNF (proprioneurofacilitatory)

stretching 100
stress fracture treatment 493–4

angiofibroblastic hyperplasia, tendons 355
surgical treatment 361–2, 363

animal studies
concussion 74
ice effect on muscle 47–8

ankle
functional stability 459
inversion angle reproduction test 461
inversions see ankle sprains 
mechanical instability 458–9, 460
position sense 461–2
proprioception measurement 461–2

ankle disk training 476
ankle injuries

arthrography 447
clinical examination, evidence-based

445–50
meta-analysis 446–7

conservative treatment 448
delayed physical examination 445–6,

447, 448
arthrography comparison 447, 448, 449
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incidence 470
pain 446
physical diagnostic features 445–6
pre-exercise stretching effect 112
prevention see ankle sprains, prevention 
risk factors 470
sports associated 452, 470
sprains see ankle sprains 
support (bracing) 451, 453–5
surgical treatment 448
taping 448, 451

see also ankle sprains 
ankle ligaments

rupture, delayed physical examination 446
supination injuries 445

ankle sprains
anatomy and pathomechanics 452
bracing 453–5

acute sprains 455–6
advantages over taping 453, 455
chronic sprains 457–9
negative effects 462, 463
sprain prevention 456–7, 471, 473,

479, 482
effect of orthoses on performance 463
functional stability 459
ice therapy study 51
mechanical instability 458–9, 460
pre-exercise stretching effect 112
prevention 456–7, 461–2, 470–90

ankle disk training v orthoses 476
balance exercises 478–9, 479, 480,

481, 483
boot ankle brace 480, 481
external ankle support 471, 473–4,

477, 478
future research directions 481–2
injury prevention programme 475–6
literature search strategies 470–1, 473
peroneal reaction time 460
randomised trials 472, 475, 486–8
research papers 474–81
reviews 471, 472, 473–4
semirigid stabiliser 456, 457,

477, 478
shoe type 471, 473, 476, 477, 481
summary of methods/evidence 483–4,

484, 489
summary of studies 486–8
taping/bracing 456–7, 471, 473,

479, 482
rehabilitation 473
taping 451–69, 455

acute sprains 455–6
advantages over bracing 453
chronic sprains 457–9
Hinton-Boswell method 452–3
literature searches 451–2
negative effects 462, 463
prewrap/underwrap effect 463

sprain prevention 456–7, 471, 473,
479, 482

technique 452–3
treatment summary 465

ankylosing spondylitis, heel pain 548
anterior cruciate ligament (ACL)

deficiency 408, 409
examination 375
rupture 379, 383

anterior cruciate ligament (ACL)
injuries 405–21

clinical presentation 405–6, 408
conservative management 405, 407, 417

bracing 410
outcome 409–11, 411

degenerative change after 407, 411
diagnosis 382–3
early management 408–9
medial collateral ligament injury

with 408
reconstruction 408, 411–12, 417

fixation techniques 413–14
graft placement 414
graft types 413
types 413–14

surgery 405–6, 417
meniscal repair with reconstruction 412
outcome 411–13

tears 379, 383
treatment

literature search strategies 406, 407
quality adjusted life years 410
randomised trials 407
summary/current practice 415, 417

anterior drawer test 375, 382, 383, 446
effect on wound healing 448
sensitivity/specificity 447
skin dimple detection 446

anterior talofibular ligament (ATFL)
examination/palpation 446, 447
injuries 452

see also ankle sprains 
anti-inflammatory drugs

lateral epicondylosis (tennis elbow)
358–9

see also non-steroidal anti-inflammatory
drugs (NSAIDs)

Apley grind test 374, 379
apolipoprotein E (ApoE), polymorphism

74–5
aprotinin 425
arthrography, ankle injuries 447
arthroscopic lavage, shoulder dislocation

335, 336
arthroscopy

knee injury diagnosis 380
shoulder stabilisation 330, 332, 338

complications 339–40
techniques 338–9

asthma, exercise-induced (EIA) 165
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asthma, exercise role in management
165–80, 169, 171, 172, 173

randomised controlled trials 166, 169
systematic review methods 166–9

excluded studies 168
included studies 170

systematic review results 169, 171,
172, 173, 174

explanation 174–5
summary 178

ASTM AdvantEDGE 424–5
athletes

amenorrhoeic see amenorrhoea 
bone density, v non-athletes 271, 271
disabled 126
shoulder dislocation, natural history

323–5, 325
spondylolysis treatment see spondylolysis 

“athletes being at risk” concept 14
Australian Rules football, repeat concussion

effect 74
avascular necrosis, femoral head 395
axolemmal membrane, changes after head

injury 69
axonal injury, in head trauma 68–9

β agonists, exercise-induced asthma
165, 174

back pain see low back pain
back schools 227
balance training

ankle sprain prevention 478–9, 479,
480, 481, 483

fall prevention in elderly 139, 140,
142, 145

Bankart lesion 329
Bankart repair 337, 338
basketball, ankle sprain prevention 478
bed rest, chronic low back pain 227–8
behavioural treatment, chronic low

back pain 228
bias 6, 7

avoidance 7, 8
literature searches 175

biofeedback, chronic low back pain 228
biomechanical abnormalities, stress fracture

risk factor 499, 501–2
biopsychosocial rehabilitation, chronic low

back pain 230
blood flow, ice application effect 50
blood vessel permeability, increased by ice

47–8
body fat

excess abdominal 198
reduced by lifestyle physical activity

204, 204–5
insulation, effect on ice application

48–9, 52
body mass index (BMI), obesity

classification 196, 198, 199

Bohler’s test 374
bone

formation, ultrasound effect 495
strain 491

bone mineral density
adverse effects of extreme exercise levels

278–80, 279
athletes v non-athletes 271, 271
comparisons in different sports 270
exercise effect 271–7

cross-sectional studies 270–1, 271
HRT and 276–7

loss 266, 267
low oestrogen levels and 279–80

markers 269, 276
measurement 267
menstrual status effect 280, 503
osteoporosis definition 267–8
spine/hip, exercise to increase 272–7

bone scans
low back pain 226
osteitis pubis 391–2
planar, spondylolysis 246, 247, 248

bone turnover
amenorrhoeic women 280
markers 269

boot ankle brace, outside 480, 481
Borg rating of perceived exertion 200
Boston brace, modified, spondylolysis

treatment 251
boxing, neurological injury 73
bracing

Achilles tendon rupture treatment 521
ankle sprains see ankle sprains 
anterior cruciate ligament injury 410
chronic low back pain 228
spondylolysis treatment 251, 255, 257
stress fracture treatment 504–5

brain injury
contraindication to return to sport 75, 76
genetic susceptibility 74–5
post-concussion 72

breathlessness, asthma, exercise effect 165
bronchial responsiveness, exercise during

infections 84
burns, ice-induced 49
bursitis, iliopsoas, groin pain due to

394, 398
buttocks, pain radiation 244

calcaneus 542, 543, 544
apophysitis 546
pain see plantar fasciitis 

calcium, low dietary intake 503–4
calcium supplements 139, 503–4

osteoporotic fracture prevention 273, 274
Cantu system, return to sport after

concussion 68, 69
capacitive coupling, stress fracture

treatment 495
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cardiometabolic health 201, 202
lifestyle physical activity effect see

lifestyle physical activity 
case control studies 5, 7, 16
case reports 5, 12
case studies

Achilles tendon rupture repair 533
exercise therapy in osteoarthritis of

knee 192
exercising with fever/acute infection 92–3
fall prevention in elderly 147
groin pain treatment 400–1
ice therapy in soft tissue injury 52
infectious mononucleosis 92–3
knee injury diagnosis 385–6
lateral epicondylosis (tennis elbow) 364
lifestyle physical activity 211–12
osteoporotic fracture prevention 281
physical activity for weight loss in

obesity 211–12
repeated concussions 76
shoulder dislocation (first time) 345
shoulder pain treatment 312
spondylolysis treatment 259–60
sport with solitary kidney/testis 128–9
stress fracture treatment 509

casting, plantar fasciitis treatment 551
cerebral blood flow, after head injury 69
“Chalmers” quality index method 356
children

advice on sport with single kidney/testis
123–4, 127

shoulder dislocation natural history
322–3, 323

Chi squared test 17
cholesterol, effect of lifestyle physical

activity 205–6, 206
chondromalacia 378
citation database 29, 35–6
Cochrane centres 5
Cochrane Collaboration 167, 175, 320

Airways Group 166, 167
Cochrane Library 30, 221, 406, 407
Cochrane Q test 292
cognitive decline, fears after repeated

concussions 67
cognitive deficits, concussion causing

70, 73
recovery after 71, 74

cohort studies see prospective studies
Colle’s fracture 272
collision sports, concussive injuries 73, 75
Colorado Medical Society, sport after
concussion 68, 69
common extensor origin 352–3, 353

surgical division 360
compliance, of muscle 97, 98

during activity v at rest 111
effect on resistance to injury 110–11

increased, decreased energy absorption 110
stretching effect 100

compliance with exercise programme
fall prevention in elderly 143
osteoarthritis of knee treatment 189

computerised tomography see CT scanning
concussion

causes 71
characteristics 68
definition 67–8
experimental (animal) 74
guidelines for return to sport after 68
neuropathology 70
neuropsychology 70, 71

function recovery 71, 74
physiology 68–70
post-concussive syndrome 71–2
repeated

case study 76
cumulative damage 73–4
risks 72–3

repeated, retirement after 66–82
contraindication for return to sport

75, 76
literature search 66

self-diagnosis 72
confounding factors 8, 13
consciousness, loss see concussion
CONSORT guidelines 6
Constant Score, shoulder dislocation

319, 336
cooling after soft tissue injury 50

see also ice therapy
corticosteroid injections

adductor-related groin pain 398
iliopsoas muscle strain/bursitis 399
lateral epicondylosis (tennis elbow)

359, 362
osteitis pubis 396
for painful shoulder see shoulder pain 
patellar tendinopathy 425–6, 436
plantar fasciitis 552

corticosteroids, transcutaneous, patellar
tendinopathy 425, 435

cost-effectiveness, fall prevention in elderly
140–1, 144, 146, 156–8

coxsackievirus B 86
craniotomy 75, 76
Crank test 319, 336
cross sectional studies 5, 270–1, 271
cruciate ligaments see anterior cruciate

ligament (ACL); posterior cruciate
ligament (PCL)

cryotherapy 49, 51
CT scanning

Achilles tendon rupture repair
outcome 527

dual energy, osteoporosis diagnosis 268–9
low back pain 226
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patellofemoral joint disorders 377–8
spondylolysis 248–9, 250, 255, 256–7

cyclists, stretching before exercise 106

data analysis 12, 20–1
exercise in asthma management 167–9
shoulder pain treatment 292–3

database
citation 29, 35–6
commercial, disadvantages 37
contact-team sports 24–8
definition 29
design for team sport data collection

24, 24–8
“flat file” 37, 38
information searching on Internet 29–33
literature, searches for scientific

papers 33–5
low back pain management 220–1, 221
medical/scientific 35
non-English 35
off-the-shelf programs 40–1
professionally-designed program 40–1
PubMed and SPORTDiscus

comparison 33, 34
relational 38–40, 39
self-designed 36–40
software programs 38
structure and design 37, 39
use for research 29–42
see also individual databases

data collection/extraction 12
Achilles tendon rupture treatment 519–20
exercise in asthma management 167–9
factors considered (example) 27
fall prevention in elderly 133
format 15
ideal future study 23
patellar tendinopathy treatment 423
problems/limitations 14–15
recording, observed v expected injuries

20–1
shoulder pain treatment 292–3
see also research, sports medicine

deep water running (DWR) 497, 498
Delponte technique 531
descriptive studies 7
diabetes mellitus, type 2, exercise and

weight loss 202
diet

exercise with, for weight loss 202, 209
stress fracture risk factor 503–4

disabled athletes 126
discography, low back pain 226
dislocation arthropathy, shoulder 321
dislocations, shoulder see shoulder

dislocation
double blind study 8
dual energy computerised tomography

268–9

dual energy x ray absorptiometry (DEXA)
268, 268

dynamic aerobic training, benefits in
obesity 202

elbow, tennis see lateral epicondylosis
(tennis elbow)

elderly
exercise-related injuries 143
fall prevention see fall prevention in

elderly 
heel pain 546
muscle weakness 267

electrical stimulation, stress fracture
treatment 495

electromyography, low back pain 225
endurance exercise training, weight loss

and benefits 202
energy balance, negative, exercise for

weight loss 209
epicondylitis 351, 354

see also lateral epicondylosis
epicondylosis 351

see also lateral epicondylosis
epidemiological research 13

weaknesses/strengths 22
epidural haematoma 75
epidural injections, chronic low back

pain 229
Epstein–Barr virus (EBV) infection see

infectious mononucleosis
ethics, sport with single kidney/testis 124
evidence-based approach, concept 3–11
exercise

adverse effects on bone density
278–80, 279

aerobic see aerobic exercise capacity 
after myocarditis 87, 94
asthma management see asthma 
chronic low back pain treatment 228
effect on balance/strength and falls 136
effect on osteoarthritis of knee see

osteoarthritis, of knee 
fall prevention see fall prevention in

elderly 
fever/acute infections and see fever;

infections, acute 
intensity, definitions 200
patellar tendinopathy treatment 424
for physical fitness in obesity 199–201
recommendations, infectious

mononucleosis 90–2
stretching before see stretching 
weight loss in obesity see obesity 
see also physical training programmes

exercise-induced asthma (EIA) 165
exercise-related injuries, elderly 143
exposure/risk hours, calculation 20
extensor carpi radialis brevis 353–4

origin 352–3
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surgical treatment of tennis elbow 360–1
extensor carpi radialis longus 353
external rotation recurvatum test 376
extracorporeal shock wave therapy (ESWT)

552–3

facet joints
chronic low back pain due to 218, 228
injections 229

fall(s), in elderly
fractures due to 266
injuries due to 144
risk factors 266
see also osteoporotic fractures

fall prevention in elderly 132–61
advantages of exercise programmes 146
adverse effects of exercise 143
case studies 147
compliance with exercise programme 143
cost-effectiveness 140–1, 144, 146, 156–8
exercise as separate intervention 134–8

cost-effectiveness 140–1
home exercise programme 135, 137,

141, 145
randomised controlled trials 141,

149–53
stand up/step up routine 136, 141

exercise in multiple intervention trials
138–40

balance training 139, 140, 142, 145
calcium supplements 139
cognitive behavioural strategies 137
psychotropics withdrawal 135–6
randomised controlled trials 141, 154–5
strengthening exercises 140, 142

exercise programme
components 142
lack of effectiveness 143–4
osteoporotic fracture prevention 277–8
requirements 145–6

exercise-related injuries 143
literature search strategy 132–3
randomised controlled trials 133–4,

141–2, 149–55
false positives/negatives 8
fat, body see body fat
fatigue, viral infections 88, 89, 91
“female athlete triad” 278, 503
femoral anteversion 378
femoral epiphysis, slipped 395
femoral neck, stress fractures 395, 398
fever 84–5

aerobic exercise capacity reduced 84
exercising with 83–96

case studies 92–3
recommendations 85–6, 94

“flamingo view” 391, 392
“flat file” format 37, 38
flexibility 97

increased by stretching 97, 98, 99

analgesic effect 99–100, 111–12
inter-individual variation 99
PNF stretching effect 100
stress fracture risk factor 502

foot
arches 501, 543
dorsiflexion and plantarflexion 543, 545
structure, stress fractures risk 501

football, testicular trauma 120
footwear see shoes
forced expiratory volume in 1 s (FEV1),

asthma 173, 178
forced vital capacity (FVC), asthma 173, 178
fractures

Colle’s 272
hip 266
osteoporotic see osteoporotic fractures 
pars interarticularis 243
stress see stress fractures 
wrist 266

Frailty and Injuries: Cooperative Studies of
Intervention Techniques (FICSIT) 134,
136, 138, 139, 142

gait, abnormalities 545
glandular fever see infectious

mononucleosis
glenohumeral joint

degenerative arthritis 321
dislocation see shoulder dislocation 

glide tests, knee 378
glucose, blood, reduction by lifestyle

physical activity 203–4, 204, 206
“gold standard,” studies 16
groin pain, chronic 389–404

case study 400–1
causes 389, 391–5
diagnosis 391–6, 396
management 396–9

literature search methods 390
summary 399–400, 402

neurogenic 393
patterns 391
referred pain 394, 395
source/origin 391

haematoma
ankle injuries 446
epidural/subdural 75, 76

hamstring muscles, stretching effect 98
hamstring tendon, autograft 413–14, 417
hazards ratio, stretching before exercise

103–4, 105
head injury 68–9

life threatening, and return to sport 75
contraindications 75, 76

repeated 67
see also brain injury; concussion

health promotion, physical fitness 197,
198–9
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healthy eating habits 504
heart rate, in exercise 200

asthma management 173, 174
heel

anatomy 542–3
pain see plantar fasciitis 

heel cord stretching 549
heel cups 549
heel pads 549–50
“heel pain syndrome” 544
heel raise tests 526
heel spur 544
hepatitis, viral

exercising with 87–8, 94
fulminant 88

hepatitis A 87–8
hernia, sportsman’s (direct inguinal) 392
herniography 392
Hinton-Boswell method, ankle taping 452–3
hip

bone density increase by high impact
exercise 275–6

examination 395
exercise to increase bone density 272–7
flexion 98, 99
fractures 266
groin pain due to 395

management 399
injuries 395
synovitis 395, 399

home exercise programme
cost-effectiveness 141
fall prevention in elderly 135, 137, 145
weight loss in overweight 209

hormone replacement therapy (HRT)
267, 276–7

“hunting reflex” 50
hyaluronate, intra-articular 189
hyperflexibility, lumbar spine 106
hyperlordosis 219, 244
hypertension, diastolic, solitary kidney

and 121
hypoglycaemia, viral hepatitis predisposing

to 88
hypothalamic-pituitary-ovarian axis 279
hypoxic injury, tennis elbow 354, 355

ice packs 47, 49
ice therapy 45–65

adverse effects 49, 50–1
aims 50
animal studies 47–8
blood flow changes 50
burns due to 49
case study 52
clinical research 51
effect of barriers 49
forms/modalities of application 49
historical aspects 45
literature searches 46

skin/muscle temperature changes
47, 48–9

subcutaneous fat effect on 48, 52
summary of advice 54–61

iliohypogastric nerve, entrapment 394
iliopsoas bursitis 394, 398
iliopsoas muscle strain 394, 398
immobilisation

Achilles tendon rupture treatment 521
shoulder dislocation (first time)

328–9, 345
IMRAD acronym 6
incidence, definition 18, 20
incidence rate 17, 18, 20
infections, acute 84–5

exercising with 83–96
case studies 92–3
recommendations 85–6, 94
see also individual infections/conditions

infectious mononucleosis 88–92
case studies 92–3
clinical features 89, 89
complications 89–90

splenic rupture 89–92
diagnosis 89
recommendations for exercise 90–2, 94

information sources see Internet; journals;
literature

inguinal canal lesions, management 397
inguinal hernia, incipient direct 392
inhibition test, patellofemoral joint 374
injection therapy, chronic low back

pain 229
injuries see sports injuries; individual

injuries
Injury Tracker 40
insulin resistance, reduced by exercise 202
Internet

medicine-related websites 30
reliability of information 30
search engines 32
sports medicine gateways 30–1, 32
sports medicine information searching

29–33
advantages/disadvantages 32

tools for information retrieval 32
types of information (current) 30–2

intervertebral discs 219
degeneration 239, 242–3
protrusion, symptoms 222

iontophoresis 425, 552
isokinetic testing, low back pain 225
isotope bone scan see bone scans

jaundice 87
joints, stiffness 231
journals, sports medicine

inclusion in major databases 31
on Internet 30
references, storing/formatting 35–6
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submission of papers 36
see also literature (sports medicine)

kidney, solitary 117–31
advice/recommendations 126–7, 130
benefits of sport with 124–5
case studies 128
congenital 119
ethics of sport with 124
implications for sport 121
position 119
support for participation in sport 127
see also renal trauma

“kinetic chain” concept 224
knee

abnormal motion (subluxation) 375
constitutional laxity (OAK criteria)

375, 385
jumper’s 424
“locked” 409
osteoarthritis see osteoarthritis, of knee 
pain

anterior 377
meniscal lesions 379
patellar tendinopathy 424, 425, 426–7

sprains 462
knee injury diagnosis 371–88

ACL injury 382–3, 405, 408
see also anterior cruciate ligament (ACL) 

injuries 
arthroscopy v MRI, cost-benefit

analysis 380
lateral collateral ligament injuries 383–4
ligament and capsule assessment

method 380–1
literature searches 371–2
medial capsule injury 381–2
medial collateral ligament injury 381–2
meniscal lesions 378–80
patellofemoral disorders 377–8
physical examination 372–6

case studies 385–6
ligaments 375–6, 385
meniscus 374, 385
MRI comparison 378, 379–80
patellofemoral joint 373–4, 385
reliability of diagnosis 384–5
stress tests 375–6
validation 377–84

posterolateral capsule injury 383–4
knee ligaments 380, 381

cutting studies 381, 385
examination 375–6, 380–1, 385
function studies 381, 385
see also individual ligaments

Lachman test 375, 382, 383
laser therapy

lateral epicondylosis 358
stress fracture 494

lateral collateral ligament, injuries 383–4
lateral epicondylosis (tennis elbow)

anatomy, 352–354, 353
histopathology 354–6
Nirschl’s classification 355
pathogenesis 354–6
presenting symptoms 362
treatment 351–67

case study 364
evidence-based protocol 362–3
laser therapy 358
literature/textbook searches 351–2
modalities 356–62
muscle exercises 362–3
oral anti-inflammatory drugs

358–9, 362
physical therapy 357–8
steroid injections 359, 362
surgery 359–62, 363
ultrasound 358

lateral extensor release technique 360
lateral retinaculum, examination

373–4, 378
leg braces, pneumatic 504
leg length differences 230

stress fracture risk 501, 502
lifestyle physical activity

abdominal adiposity reduction 204,
204–5

assessment and types 203–4
blood glucose reduction 203–4, 204, 206
cardiometabolic benefits 203, 204, 204–5

long-term 207, 207, 208
case studies 211–12
chronic low back pain management 230
definition 200, 210
evidence supporting benefits 209–10
lipid-lipoprotein changes 205–6, 206
long-term benefits 207, 207–8, 208
in obesity 199–201, 203
as public health strategy 206–7
recommendations 205

ligaments 110
see also ankle ligaments; knee ligaments

L’Insalata Shoulder Evaluation 333,
335, 341

lipid profiles, exercise effect 202,
205–6, 206

lipoproteins, effect of lifestyle physical
activity 205–6, 206

literature (sports medicine)
copies of scientific papers 35
critical appraisal method 3–11
databases, searches for scientific papers

33–5
format for research papers 6–9
initial appraisal method 4–5
interpretation 13–14
quality 3
see also journals, sports medicine
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literature searches 33–5
bias, sources 175
pitfalls 175
strategies 33–5
see also individual conditions/injuries

litigation 72
lordosis 219, 244, 251
low back pain, chronic 216

anatomical aspects 218–19
causes 217, 217, 218
epidemiology 217
examination 224
history-taking 221–4
investigation 224–6
management 216–38

exercise therapy and types 228
goals of treatment 226
literature/database searches 219–21, 221
randomised controlled trials 220
summary of beneficial treatments

232, 234
treatment modalities 227–31

nerve root pain 222
prevalence and costs 217
prevention 230
referred/radiation 218, 222, 244
risk factors 216
simple pain 222
in specific sports 218

low back (“core”) stability 231–2
lower limb

alignment, stress fracture risk factor
499, 501–2

injuries 443–559
lumbar nerve roots 219

pain due to 219, 222
lumbar spine

anatomy 218–19
hyperflexibility, stretching before

exercise 106
radiography, in low back pain 225
repetitive loading effect 243
strength training to increase bone

density 274–5
lumbar supports, chronic low back pain 229
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advice/recommendations 126–7, 130
benefits of sport 124–5
case studies 128–9
sport with 117–31

ethics 124
see also testicular trauma

“three strike rule” 66
tibia, displacement, measures 375
tibial nerve, entrapment 547
tibial tubercle, lateralisation 377
tilt test 374
time lost from injuries 19

from participation 13, 18
from training 18
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validation 8
validity 16

exercise therapy in osteoarthritis of
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slip progression 241–2
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viral infections, acute 84
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