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Sport in Australia is ingrained in the national consciousness more widely, deeply and indelibly 

than almost anywhere else in the world. When a prominent sportsperson sustains a sporting 

injury, either traumatically or from overuse, becomes excessively fatigued, or fails to live up to 

expectations, this assumes national importance. It is even more relevant nowadays with greater 

individual participation in sporting activities. The same type of problems occur for recreational 

athletes, middle-aged people wanting to become fie, or older people wishing to sustain a higher 

level of activity in their lacer years. 

In Clinical Spores Medicine the authors cake sport and exercise medicine out of the realm of 

the elite athlete and place it fairly and squarely where it belongs- as a subspecialty to serve 

everyone in the community who wishes to be active. 

The book is organised in a manner that is sensible and usable. The chapters are arranged 

according to the anatomical region of the symptom rather than diagnostic categories. This 

results in a very usable text for the sports physician, general/family practitioner, physiotherapist, 

masseur, or athletic trainer whose practice contains many active individuals. 

Practical aspects of sports medicine are well covered- care of the sporting team and concerns 

that a clinician might have when travelling with a team. In all, this is an eminently usable text 

which is timely in its production and will find an important place among clinicians involved in 

the care of active individuals. 

JOHN R SUTTON MD, FRACP 

Professor of Medicine, Exercise Physiology and Spores Medicine 

Faculcy of Healch Sciences 

Uniuersicy of Sydney 

Pase Presidenc, American College of Spores Medicine 

This foreword was wricren by che lace Professor John Succon before his uncimely deach in 1996; we 

honour che memory of chis champion of che incegracion of science, physical acciuicy promocion and 

mulcidisciplinary pacienc care. 
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Twenty-four years after the publication of the first edition, the salient point made by Professor 

John Sutton in his foreword remains true- in Clinical Sports Medicine the authors take spores and 

exercise medicine out of the realm of the elite athlete and present it in the service of everyone 

in the community who wishes to remain active. 

A search for the fourth edition in our university library revealed very well used and even 

threadbare copies and illustrated how indispensable this resource is to students and practitioners 

alike. This fifth edition continues the clear focus of previous editions: 'helping clinicians help 

patients', transcending professional boundaries to enable best practice. 

The authors of Clinical Sports Medicine: Injuries include the very top names in sports and 

musculoskeletal physiotherapy, sports medicine and sport science from around the world- in 

short, the community that takes care of active people everywhere, including the recreational 

or competitive sportsperson. The truly interdisciplinary nature of professional practice in sports 

medicine is revealed in this book. Indeed, this fifth edition includes specific chapters on key but 

often overlooked aspects of professional development; namely working in collaborative teams and 

how to develop your career. To achieve this, it draws on real-life lessons from around the world. 

Clinical Sports Medicine: Injuries builds on the high-quality, evidence-based content of previous 

editions, with 15 new or substantially revised chapters. It is beautifully illustrated, combining 

aesthetics and evidence in a partnership that provides accessible learning to all readers. Practice 

pearls and step-by-step illustrations of physical activity for every joint are supported by more 

than 550 new and innovative illustrations, and line drawings superimposed on selected 

photographs to aid understanding. 

A striking feature of Clinical Sports Medicine has always been the authors' relentless commitment 

to 'clinical'. This is a useful book; one to be consulted between patients or even while the patient 

is with you. The colour-coded sections develop, one on another. Part A- Fundamental principles

has been completely rewritten and the cadre of expert authors added new chapters on Pain, Core 

stability, Patient-reported outcomes (for use in the clinic), Training and Return to spore. Each ofthe 

24 chapters in Pare B- Regional problems- stands alone, flowing logically from functional anatomy 

to the broader, expert clinical perspective on the specific management of more than 100 major 

conditions. These chapters include the key aspects of injury epidemiology, clinical risk factors and 

interventions across spores; they cover the common presentations but also provide commentary 

on the atypical. One aim and notable focus throughout the book is to make evidence accessible to 

busy practitioners to aid their decision making. Best available evidence, consensus statements and 

cautionary notes are provided throughout in an eye-catching and succinct way. Pare C- Practical 

spores medicine- closes out Volume 1 with five chapters for those working in various spore settings. 

This is a unique book. The variety of illustrations and their contribution to the understanding of form, 

function, concepts, intervention and management, in combination with decades of the cumulative 

wisdom of practitioners, teachers and researchers, ensures that this is an indispensable work. 

DR EMMA K. STOKES FTCD 

Associate Professor I Depury Head 

Department of Physiotherapy, School of Medicine, Trinity College, Dublin 

President, World Confederation for Physical Therapy 
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'Helping clinicians help patients' has been the clear focus of Clinical Spores Medicine from its 

inception. This edition brings you more authors, more artwork and more evidence. We are 

fortunate that many reading this will already have Clinical Spores Medicine in their library, so you 

are asking, 'What's new?' 

• The comp/ere focus on spores injuries for 1034 pages. So many advances, we had to make a 

volume just for injuries. We decided to call it Injuries. 

• The giancs of spores medicine and spores physiocherapy joining us on che fronc cover-our seven 

edicors. You know their work and now they have distilled their best for your benefit (see 

below and on the Editors page). 

• The arcwork. Vicky Earle's artwork is recognised the world over, the way Dr Frank Netter's was 

in the 1900s. You may not know the name, but you have seen the tendons, the groin entities 

and the BJSM covers. Five hundred new illustrations to clarify our field. 

• Fifteen new chapters. (See new content, below.) 

• More than 4000 references- the solid foundation. As Chapter 2 tells us, we do not yet have 

all the evidence we would like to have, and clinical advances can outpace the science, but 

ultimately the scientific method underpins quality care. 

• The unprecedenced complemencary social media- Facebook, Twitter, lnstagram and the www.clinical 

sportsmedicine.com website. This content will have shelf life until 2020 and we will continually 

update it with the existing digital methods and those that have not yet been invented. 

Editors and authors 
Volume I- Injuries reflects the generosity of seven sports physiotherapy and sports medicine 

editors. Ben Clarsen (senior editor), Jill Cook, Ann Cools, Kay Crossley, Mark Hutchinson, Paul 

Mccrory and Reaid Bahr share their passion for helping patients and educating clearly. Our 121 

chapter authors and contributors represent 19 countries. Recruited for their first edition, alongside 

editors Cools and Clarsen, are Rintje Agricola, Hamish Anderson, Sam Blanchard, Jeffrey Boyle, 

Darren Burgess, Phil Burt, Bojan Buvka, Graeme Close, Natalie Collins, Chad Cook, Adam Culvenor, 

Michael Davison, Stefano Della Villa, Pieter D'Hooghe, Paul Dijkstra, Sean Docking, Deborah Falla, 

Rodney French, Tim Gabbett, Phil Glasgow, Adam Gledhill, Alison Grimaldi, Fares Haddad, Toby 

Hall, Shona Halson, Roger Hawkes, Greg Hoy, Steven Kamper, Vasileios Korakakis, Alex Kountouris, 

Karl Landor[, Adam Meakins, Havard Moksnes, Grethe Myklebust, Andrew Nealon, Ian Needlman, 

Kieran O'Sullivan, Peter O'Sullivan, Jon Patricios, Noel Pollock, Nebojsa Popovic, Michael Rathleff, 

Ebonie Rio, Ewa Roos, Stephen Simons, Geoffrey St George, Raj Subbu, Stephen Targett, Kristian 

Thorborg, Elsbeth van Dorssen, Stuart Warden, Adam Weir, Liam West and Fiona Wilson. 

New content 
Five years is a long time in our field. Major advances, such as high quality evidence for physiotherapy 

rehabilitation in the management of acute knee injuries, new algorithms for the treatment of 

shoulder pain and fresh space for the biopsychosocial model are included. The shoulder and 

knee will remain the shoulder and knee for the next 100 years but chapters can be completely 

renovated between editions, by new authors. The following chapters have new authors with new 

diagnostic approaches and new treatments to benefit the clinician. 
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• Chapter 1: Paul Dijkstra and Stefano Della Villa outline the team approach to sports medicine. 

• Chapters 3 and 4: Stuart Warden shares the latest mechanistic understanding of acute and 

overuse injury. 
• Chapter 6: Ebonie Rio builds on Lorimer Moseley's chapter on pain (Chapter 5) for the clinician. 

• Chapter 9: Experts in their fields share decades each of experience in assessing patients for 
sport-specific biomechanical errors. 

• Chapter 10: Darren Burgess gives clinicians insight into the principles that underpin training 
at the very top level of sport and how these apply at the community level. 

• Chapter 11: Paul Hodges summarises 20 years of thinking about core stability. 

• Chapter 14: Chad Cook clarifies the numerical basis that should underpin clinical reasoning 

and assessment. 
• Chapter 15: Ali Guermazi partners with fellow radiologist Bruce Forster, and clinician Jon 

Patricios, to simplify accurate diagnosis including MRI interpretation for every clinician. 

• Chapter 16: Natalie Collins launches Clinical Sports Medicine squarely into the world of 
PROMs-patient-reported outcome measures. 

• Chapter 17: Ben Clarsen threw away the fourth edition chapter and built a new treatment 
chapter with international leaders in the different disciplines. 

• Chapter 19: Ian Shrier outlines the StARRT model for return to play. 
• Chapter 21: Toby Hall brings a very practical physiotherapy focus to headache. 
• Chapter 23: Together with Deborah Falla, Gwen Jull unravels neck pain and provides 

detailed treatment principles and tips. 

• Chapter 24: Ann Cools shares her 20 years' experience in assessing and managing shoulder pain. 
• Chapters 26 and 27: Greg Hoy led the extensive revision of the wrist pain and hand and 

finger injuries chapters, highlighting new treatments and new conditions. 

Chapter 29: Peter O'Sullivan incorporates the biopsychosocial approach to back pain 
assessment and management. See the very clinical patient triage outline in Figure 29.2. 

• Chapter 30: Adam Meakins describes and illustrates (5 1 images) how to treat buttock pain 
using exercises as the foundation. 

• Chapter 32: Adam Weir skilfully extracted the most useful clinical discoveries from the first 

world conference on groin pain. 
• Chapter 35: Sports knee surgeons and physiotherapists combine to highlight what is working 

and what is not working for patients in this rapidly changing field. 

• Chapter 43: Karl Landorf and Michael Rathleff are the world leaders on plantar fasciopathy. 

They provide a major new section inside the important foot pain chapter. 

• Chapter 46: Stephen Targett applies his vast experience of periodic medical assessment to 
issues such as cardiac clearance, and giving advice that influences contracts worth millions of 

dollars when doing professional athlete transfer medicals. 

• Chapter 4 7: Liam West hit the refresh button on working and travelling with teams and 

included essentials such as indemnity and emergency preparation. 

• Chapter 48: Michael Davison introduces the junior clinician to the global world of sports 
medicine and sports physiotherapy-A 'how to' on career development. (Spoiler alert: hard 

work is involved!) 

No single profession has all the answers required to treat every ill or injured athlete or 

enthusiast. Volume I-Injuries was created by a champion team. We are confident that, whatever 

your training, Clinical Sports Medicine fifth edition will reinforce and refine existing knowledge 

and techniques, and introduce useful new approaches for your clinical practice as well as for 

your teaching of our wonderful vocation. 
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Allow me co ehank you for being pare of ehis wonderful spores medical book family. I cherish ehe 

privilege co have parcnered wieh you co blend science wieh praceice. 

This page allows us to say 'thank you'. We open with a quote from one of our chapter authors 

because it captures the spirit of the large and diverse team that has created Volume 1 of this 

fifth edition of Clinical Spores Medicine. Every single colleague went beyond the call of duty 

during their busy lives at the peak of great careers. 

This highlights that the global spores medicine and spores physiotherapy community is 

generous and patient focused. Our community shares the wonderful compelling goal of making 

life better for athletes and for recreational individuals. We share a passion: the joy of physical 

activity, the love of sport, the conviction that these are elements of medicine at its very best. 

Here we say 'thank you' to every contributor for allowing us to guide your passion into these 

pages and the digital elements that complement them. 

On the topic of professions in our field, please indulge us a personal note from two medical 

doctors. To leaders in physiotherapy/physical therapy, we thank you for having embraced the 

value of physical activity and sport from your profession's beginnings. Physiotherapy/physical 

therapy has established a very substantial evidence base, along with other disciplines, so that our 

field- sport and exercise medicine- is recognised as a critical pillar in health. The PEDro database 

is just one example we can point to if people ask 'What is the scientific basis of the field?' Your 

profession has been generous to us personally by educating us, and by welcoming us to share 

our humble opinions with you. We are honoured and grateful to the President of the World 

Confederation for Physical Therapy for reading this edition and vouching for its value in the 

foreword and on the back cover. Dr Emma Stokes, we salute you and wish you every success as 

you execute a shared vision for a very proud, difference-making profession. 

Specific thanks for this edition of Volume 1- Injuries go to chapter co-authors listed, with 

their affiliations, on pages xxx-xxxv. We are both humbled and privileged to be sharing cover 

authorship with seven amazing colleagues and friends: Ben Clarsen, Jill Cook, Ann Cools, Kay 

Crossley, Mark Hutchinson, Paul Mccrory and Roald Bahr. Vicky Earle, our medical illustrator, is 

part of this book's DNA (three editions now). 

The University of British Columbia (Department of Family Practice- Faculty of Medicine, as 

well as the Faculty of Education- School of Kinesiology) provided essential support (KK), as did 

La Trobe University in establishing the Spore and Exercise Medicine Research Centre. 

We have passed the silver anniversary of McGraw-Hill writing a snail-mail letter to Peter 

Brukner in 1990 wondering if he thought a spores medicine book might be in order; we are very 

fortunate for more than 25 years of remarkable support. Nicole Meehan and Robert Ashworth 

are passionate about this book. Isabella Mead and Yani Silvana always reached out with offers of 

help. The copy-editing team have added great value for the reader. 

We dedicate this fifth edition to the Clinical Spores Medicine community. We are proud to be 

in a family of clinicians who are absolutely unwavering in prioritising patient care. Lastly, to our 

very, very patient friends and families, 'Yes, it is finished (for now)'. Diana and Heather, thank you 

for the many editions you have shared us with. Let's leave the conversation about the fifth edition 

of Volume 2- Exercise Medicine (for 2018 release) for another day. 
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The principal text in its field, this first volume of the fifth edition of Clinical Sports Medicine continues to provide 
readers with quality up-to-date content. The engaging material has been contributed by leading experts from 
around the world. Look out for these key features, which are designed to enhance your learning. 

Premium, up-to-date content 
Treatment and rehabilitation is emphasised. Part A-Fundamental Principles 
includes 12 chapters that are either brand new or written by new authors. 
The chapters in Part B, which address regional problems, provide clinica l 
solutions via clear text, abundant clinical photos (e.g. physical 
examination), relevant imaging and customised medical illustrations. 
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Chapter 1 

Sport and exercise medicine: 
the team approach 
with PAUL DIJKSTRA and STEFANO DELLA VILLA 

You may have the greatest bunch of individual scars in the world, 
bur if they don't play together, the club won't be worth a dime. 

Babe Ruth (1895- 1948) 

Sport and exercise medicine (SEM) is evolving as a 
specialist medical discipline that includes a variety of 
tasks and responsibilities.1-7 These include: 

• injury and illness prevention 
• injury diagnosis, treatment and rehabilitation 
• management of medical problems 
• performance enhancement through training 
• nutrition and psychology 
• exercise prescription in health and in chronic disease 

states 
• exercise prescription in special subpopulations 
• medical care of sporting teams and events 
• medical care in situations of altered physiology, such as 

at altitude, environmental extremes, or at depth 
• dealing with ethical issues, such as the problem of drug 

abuse in sport. 

SEM has been defined as the scope of medical practice 
that focuses on: 

1. prevention, diagnosis treatment and rehabilitation of 
injuries that occur during physical activity 

2. prevention, diagnosis, and management of medical 
conditions that occur during or after physical activity 

3. promotion and implementation of regular physical 
activity in the prevention, treatment and rehabilitation 
of chronic diseases of lifestyle.8 

Because of the growing breadth of content, SEM 
traditionally lends itself to being practised by a 
multidisciplinary team of professionals with specialised 
skills who provide optimal care for the athlete and improve 
each other's knowledge and skills. The sporting adage that 
a 'champion team' would always beat a 'team of champions' 
applies to sport and exercise medicine. This team approach 
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can be implemented in a multidisciplinary SEM clinic or by 
individual practitioners of different disciplines collaborating 
by cross-referral. However, the real-world application of this 
multiskilled team approach poses significant challenges
some of which are eloquently dealt with by the specialist 
SEM physician. SEM is now an official medical specialty in 
many countries and this has significantly changed the level 
of care to athletes and also patients suffering from chronic 
disease. 

THE SEM TEAM 
The most appropriate sports medicine team depends on 
the setting. Clubs and sporting bodies increasingly employ 
specialist SEM physicians, with the primary role being 
the comprehensive health management of the athlete 
to facilitate optimal performance. This includes the 
diagnosis and treatment of injuries and illnesses associated 
with exercise to ultimately improve performance. In an 
isolated rural community the sports medicine team may 
consist of a family physician or a physiotherapist/physical 
therapist alone. In a populous city, the team may consist 
of a number of clinicians and sports scientists working 
together and may include: 

• specialist SEM physician 
• family physician 
• physiotherapist/physical therapist 
• soft tissue therapist 
• exercise specialist for exercise prescription 
• other medical specialists with an interest in SEM 
• orthopaedic surgeon, rheumatologist, radiologist, 

cardiologist, etc. 
• podiatrist 
• dietitian/nutritionist 



• psychologist 
• spores trainer/athletic trainer 
• other professionals such as osteopaths, chiropractors, 

exercise physiologists, biomechanists, nurses, occupational 
therapists, orchotists, optomecriscs 

• coach 
• fitness adviser. 

In the Olympic polyclinic, an institution that aims to 

serve all 10 000 athletes at the games, the spores medicine 
team includes 160 practitioners (Table 1. 1). 

Multiskilling, roles, responsibilities 
and communication 
There are, of course, distinct differences in roles and 
responsibilities when clinicians are employed by sporting 
organisations or clubs as opposed to providing care in the 
form of a once-off expert opinion for a specific athlete's 
injury or illness. Equally, medical teams contracted by the 

Table 1.1 The cllnlcal team structure at the London 2012 
Olymplc Games polycllnlc 

• Chief Medical Officer 

• Deputy Chief Medical Officer and Chief Athlete Services 

(sports physician) 

• Director of Clinical Services-polyclinic (sports physician) 

• Director of Nursing 

• Director of Physiotherapy/Physical therapy 

• Director of Remedial Massage 

• Director of Podiatric Services 

• Director of Dental Services 

• Director of Emergency Services 

• Medical practitioners: sports physicians; orthopaedic 

surgeons; general practitioners; rehabilitation 

specialists; emergency medicine specialists; ear, nose 

and throat specialists; gynaecologists; dermatologists; 

ophthalmologists; ophthalmic surgeons; radiologists; 

amputee clinic physicians; spinal clinic physicians 

• Physiotherapists/Physical therapists 

• Soft tissue therapists 

• Podiatrists 

• Optometrists 

• Pharmacists 

• Dentists 

• Interpreters 

local orgamsmg committees (LOCs) of smaller or major 
events have very specific roles and skills depending on 
the size of the event. Multiskilling, where practitioners in 
the team each develop skills in a particular area of spores 
medicine, is important but may also pose challenges 
in areas of considerable amount of overlap between 
the different practitioners. The key is always effective 
teamwork with clear roles and responsibilities, leadership 
and communication. This 'multiskilling' might be of use if 
the practitioner is geographically isolated or is travelling 
alone with sporting teams. 

The concept of effective teamwork is best illustrated 
by example. When an athlete presents with an overuse 
injury of the lower limb, the specialist SEM (or other 
physician) will have the diagnostic responsibility but 
the spore-specific therapist, podiatrist or biomechanist 
might have a better knowledge of clinical biomechanical 
assessment, the functional relationship between abnormal 
biomechanics and the development of the injury and 
how to correct any biomechanical cause. However, 
it is essential that all the practitioners have a basic 
understanding of lower limb biomechanics and are able to 
perform a clinical assessment. 

Similarly, for the athlete who presents complaining of 
excessive fatigue and poor performance, the dietitian is 
best able to assess the nutritional state of the athlete and 
determine if a nutritional deficiency is responsible for the 
patient's symptoms. However, other practitioners such as 
the SEM physician, physiotherapist/ physical therapist or 
trainer must also be aware of the possibility of nutritional 
deficiency as a cause of tiredness and be able to perform a 
brief nutritional assessment. 

The sport and exercise 
medicine model 
The model for the delivery of effective healthcare is 
changing with an increased focus on individualised 
medical care and case managing. The traditional medical 
model (Fig. 1. 1) has the physician as the primary contact 
practitioner with subsequent referral to other medical 
and paramedical practitioners. The early SEM model 
(Fig. 1.2) is different. The athlete's primary professional 
contact is often with a physiotherapist/ physical therapist; 
however, it is just as likely to be a trainer, SEM physician 
or soft tissue therapist. It is essential that all practitioners 
in the healthcare team understand their own strengths 
and limitations and are aware of who else can improve 
management of the patient. 

This improved SEM model recognises the 
multidisciplinary nature of the athlete's 'primary 
professional contact' but still emphasises the reductionist 
approach, with each discipline potentially operating 
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Figure 1.1 The traditional medical model 

in its own specialist silo with little focus on holistic 
athlete health management, effective communication 
integration and understanding to facilitate decision 
making. The athlete and coach are often ill equipped to 
integrate the different contributions in these settings of 
increasing complexity and multispecialists. They often 
rely on expert case managers with a very good sport
specific understanding (in big teams the specialist SEM 
physician) to provide 'health leadership', effectively 
and efficiently communicating and integrating the 
contributions of all the key role players in the so-called 
integrated performance health management and coaching 
mode/.9 This new model emphasises the importance of an 
integrated approach in communication and management 
to athlete health problems. The focus is on operational 
integration of the health management and coaching 
to improve performance with one accountable 'case 
manager'. 

THE CHALLENGES OF MANAGEMENT 
The secret of success in SEM is to take a broad view 
of the patient and his or her problem. The narrow view 
may provide short-term amelioration of symptoms but 
will ultimately lead to failure. Examples of a narrow 
view may include a runner who presents with shin pain, 
is diagnosed as having a stress fracture of the tibia and 
is treated with rest until pain-free. 

Although it is likely that in the short term the athlete 
will improve and return to activity there remains a high 
likelihood of recurrence of the problem on resumption 
of activity. The clinician must always ask 'Why has this 
injury/illness occurred?' The cause may be obvious, for 
example, a recent sudden doubling of training load, or it 
may be subtle and, in many cases, multifactorial. 

The greatest challenge of SEM is to identify and 
correct the cause of the injury/illness. The runner with 
shin pain arising from a stress fracture may have abnormal 
biomechanics, inappropriate footwear, had a change in the 
training surface, or a change in the quantity or quality 
of training. In medicine, there are two main challenges: 
diagnosis and treatment. In SEM it is necessary to diagnose 
both the problem and the cause. Treatment then needs to 
be focused on both these areas. 

Diagnosis 
Every attempt should be made to diagnose the precise 
anatomical, pathological and functional cause of the 
presenting problem. Knowledge of anatomy (especially 
surface anatomy) and an understanding of the pathological 
and functional processes likely to occur in athletes often 
permits a precise diagnosis. Thus, instead of using a purely 
descriptive term such as 'shin splints', the practitioner 

~ Trainer ~ .. 1- P_h_y-si-c-ia-~....... I / .. P_h_y_s-io-t-he_r_a_p-is_t/_P_h_\ _si_c_a_l t-h-e-ra-p-is....,t 

Dietitian ( ) Athlete-Coach 4(,---)• Soft tissue therapist 

1,holog~ I ~ Ma</ 
~ Others ~ 

Figure 1.2 The SEM model. In professional sport the player's agent also features prominently in athlete-coach interaction 
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should attempt to diagnose which of the three underlying 
causes it could be- stress fracture, chronic compartment 
syndrome or periostitis- and use the specific term. 
Accurate diagnosis guides precise treatment. 

Some clinical situations do not allow a precise 
anatomical and pathological diagnosis. For example, in 
many cases of low back pain, it is clinically impossible 
to differentiate between potential sites of pathology. 
In situations such as these it is necessary to establish a 
functional diagnosis, monitor symptoms and signs through 
careful clinical assessment and correct any abnormalities 
present (e.g. hypomobility) using appropriate treatment 
techniques. 

As mentioned, diagnosis of the presenting problem 
should be followed by diagnosis of the cause of the 
problem. American orthopaedic surgeon Ben Kibler coined 
the term 'victim' for the presenting problem and 'culprit' 
for the cause. 10 Diagnosis of the cause often requires a 
good understanding of biomechanics, technique, training, 
nutrition and psychology. Just as there may be more than 
one pathological process contributing to the patient's 
symptoms, a combination of factors may cause the 
problem. 

As with any branch of medicine, diagnosis depends on 
careful clinical assessment, which consists of obtaining 
a history, physical examination and investigations. The 
most important of these is undoubtedly the history 
but, unfortunately, this is often neglected. It is essential 
that the sports clinician be a good listener and develop 
skills that enable him or her to elicit the appropriate 
information from the athlete. Once the history has been 
taken, an examination can be performed. It is essential 
to develop examination routines for each joint or region 
and to include in the examination an assessment of any 
potential causes. 

Investigations should be regarded as an adjunct 
to, rather than a substitute for, adequate history and 
examination. 11 The investigation must be appropriate to 
the athlete's problem, provide additional information and 
should only be performed if it will affect the diagnosis 
and/or treatment. 

Treatment 
Ideally, treatment has at least three components: 
discussing the planned treatment with the athlete, 
coach and key role players (also in the context of the 
immediate and future performance goals); treatment 
of the presenting injury/illness; and treatment 
to correct the cause. Generally, no single form of 
treatment will correct the majority of SEM problems. 
A combination of different forms of treatment will usually 
give the best results. 

Therefore, it is important for the clinician to be aware 
of the variety of treatments and to appreciate when their 
use may be appropriate. It is also important to develop 
as many treatment skills as possible or, alternatively, 
ensure access to others with particular skills. It is essential 
to evaluate the effectiveness of treatment constantly. 
If a particular treatment is not proving to be effective, 
it is important firstly to reconsider the diagnosis. If the 
diagnosis appears to be correct, other treatments should 
be considered. 

Meeting individual needs 
Every patient is a unique individual with specific needs. 
Without an understanding of this, it is not possible to 
manage the athlete appropriately. The patient may be 
an Olympic athlete whose selection depends on a peak 
performance at forthcoming trials. The patient may be a 
non-competitive business executive whose jogging is an 
important means of coping with the stress of everyday 
life. The patient may be a club tennis player whose 
weekly competitive game is as important as a Wimbledon 
final is to a professional. Alternatively, the patient may be 
someone to whom sport is not at all important but whose 
low back pain causes discomfort at work. 

The cost of treatment should also be considered. Does 
the athlete merely require a diagnosis and reassurance 
that he or she has no major injury? Or does the athlete 
want twice-daily treatment in order to be able to play in 
an important game? Treatment depends on the patient's 
situation, not purely on the diagnosis. 

THE COACH, THE ATHLETE 
AND THE CLINICIAN 
The relationship between the coach, the athlete and the 
clinician is shown in Figure 1.3. The clinician obviously 
needs to develop a good relationship with the athlete. 
A feeling of mutual trust and confidence would lead 
to the athlete feeling that he or she can confide in the 
clinician and the clinician feeling that the athlete will 
comply with advice. 

As the coach is directly responsible for the athlete's 
training and performance, it is essential to involve the 

Figure 1.3 The relationship between the coach, the athlete 

and the clinician 
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coach in clinical decision making. Involving the coach 
in the decision-making process is essential for athlete 
compliance. The coach will also be a valuable aid in 
supervising the recommended treatment or rehabilitation 
program. Discussion with the coach may help to establish 
a possible technique-related cause for the injury. 
Unfortunately, some coaches have a distrust of clinicians; 
however, it is essential for the coach to understand that 
the clinician is also aiming to maximise the performance 
and health of the athlete. When major injuries occur, 
professional athletes' agents will also be involved 
in discussions. It is therefore crucial that clinicians 
understand the performance environment and develop 
skills in communication and management to complement 
optimal decision making in challenging situations. 

The case manager approach 

The lsokinetic group of sports medicine clinics in Italy and 

the United Kingdom adopt the case manager approach 

to rehabilitation of the injured athlete. Here the group's 

founder, sports physician Dr Stefano della Villa, explains the 

lsokinetic philosophy. 

The final result of our job, as a sport physician, is when the 

athlete is able to play again; as fast, as strong and as powerful 

as before. Everything in the middle is just a ring in the chain . 

Despite everyone being aware of this, in real life the situation 

is completely different. 

Most of the time, sports physicians are unable to follow the 

patient during the long process from injury to return to play. A 

long list of practical issues may become obstacles along the 

way, including: 

• the length of the process, especially if it is post-surgery 

• the number of professionals involved, from the surgeon to 

the team coach and all those in the middle 

• logistical issues during the recovery process-the needs 

of the patient during recovery to use different facilities 

and environments such as consultation rooms, gyms, 

pools and pitches, all of which may well be located in 

different areas 

• pressure from the outside-family, friends, agent, 

manager, other players, coaches, fitness team, traditional 

media and social media. 

In my opinion, this long list is not the biggest obstacle to 

overcome. That obstacle is our way of thinking as doctors. 

The key is to change this paradigm: we need to forget the 

injury and to re-focus on the recovery from the first moment 

after the injury. We must do it, from the very beginning, when 

we explain the recovery process to the patient. 
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'LOVE THY SPORT' (AND PHYSICAL 
ACTIVITY!) 
To be a successful SEM clinician it is essential to be an 
advocate for physical activity. A good understanding 
of a sport confers two advantages. First, if the clinician 
understands the physical demands and technical aspects of 
a particular sport, this will improve his or her understanding 
of possible causes of injury and facilitate development of 
sport-specific rehabilitation programs. Second, it will result 
in the athlete having increased confidence in the clinician. 
The best way to understand the sport is to attend training 
and competition and ideally to participate in the sport. 
Thus, it is essential to be on site, not only to be available 
when injuries occur, but also to develop a thorough 
understanding of the sport and its culture. 

Medical training and its influence 

Studying at university does not help the sports physician to 

follow the approach described above. During our time at 

university we learn a lot about anatomy and symptoms of 

diseases. The real challenge for a student is to be prepared 

and ready to make the right diagnosis. However, the right 

diagnosis does not have value without a strategy to ensure 

the patient returns to sport. The right diagnosis is crucial, but it 

is only the first step. Then the process begins and the patient 

goes through different steps, such as in the following example 

of an injury that requires surgical treatment: 

• imaging 

• surgical procedure 

• pain management and prevention of deep venous 

thrombosis 

• post-surgical protocols 

• recovery of activities of daily living (ADL) 

• recovery of range of motion 

• recovery of strength 

• recovery of coordination and proprioception 

• recovery of match fitness 

• restoration of specific sports skills 

• prevention of re-injury. 

We believe the sports physician should always be in 

charge and control all of these steps (Fig. 1 .4). This, however, 

is not what happens in the sports medicine community. Apart 

from a few examples in professional sports, most of the time 

responsibility is shared during the recovery process, without 

central coordination. In the end this means that no one 

person is responsib le. Many professionals are involved in this 

process, as it must be, but each of them is focused only on 



Injury 

Diagnosis & surgery 

Post-surgical management 

Recovery of ADL 

Figure 1.4 From injury to return to play 

their sing le Job and there Is a need for a leader to coordinate 

all of them. 

The case manager concept 

We believe that the management of sports injuries can be 

visualised like a symphony. Many musicians are Involved, 

but they need a conductor-a director of the orchestra. This 

person is able to deal with the first violin and all the other 

elements. Based on our experience, our medical group has 

defined this role as that of the 'case manager'-the manager 

of each specific patient and their recovery from injury. 

We strongly believe in the concept 'patient first' and we put 

the patient at the centre of our attention. We also understand 

that after a bad injury the patient needs a project, a plan and 

a conductor who is able to drive them through the potentially 

long recovery process. 

The facilities for the sports recovery process 

Utilising this new approach, sports physicians should always 

be a step ahead in the process. During the diagnosis process 

they must look ahead to the next possible steps. They need 

to have a vision of the future for the patient and understand 

where there could be obstacles on the road to recovery. They 

need to anticipate problems but, more importantly, consider 

when there will be key decision points. This will Include the 

times when the path and speed of the recovery can change, 

such as the options for surgery and the surgeon. Both before, 

and at the time of, the surgery they must plan the post-surgical 

management, right up to completion of the final phase. This 

can include seeking activities that may ordinarily appear in a 

future phase of rehabilitation and bringing them forward to 

operate In parallel with earlier phase activities. An example 

might be using a pool early to maintain cardiorespiratory 

fitness, while working to regain strength In the injured limb. 

Therefore, having the appropriate facilities is a first and major 

step In planning effective rehabilitation. 

We believe for an athlete to fully complete their 

rehabilitation, they need access to a proper facility consisting 

of medical offices, rehabilitation gyms, rehabilitation pools and 

sports fields. The use of these specific areas at well-defined 

moments in the pathway is critical for the best functional 

outcome. For example, using a pool-based environment 

allows the early Introduction of sport-specific movement 

patterns, such as kicking or heading In football (Fig. 1.5). 

These exercises will be introduced again In the later 

phases, both in the gym and on the field, creating a type of 

continuum in the recovery process. It Is a form of stimulation 
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Figure 1.5 Neuroplasticity exercises in the pool. Heading a football with partial-body submersion allows safe football

specific movement patterns while in the early phases of rehabilitation 

and is thought to favour the re-education of motor skills. 

In fact, after the injury there may be a process of joint 

de-efferentation and central disorganisation. The early 

introduction of some complex stimuli is recommended to 

solve neuromuscular impairments. 

The rehabilitation gym is still considered the main 

rehabilitation area. Aside from the classical range of motion 

and strength exercises, it is useful and important to introduce 

more neuromuscular exercises. These exercises should not 

only consider the affected joint, but also the whole kinetic chain 

and the biomechanical connection among different joints. 

According to our philosophy, we progressively introduce 

sport-specific movements on a real sports field, to better 

restore players' self-confidence in a supervised environment. 

The on-field rehabilitation (OFR) offers three main advantages: 

the complete recovery of specific movement patterns, 

metabolic reconditioning and a real education of the athlete in 

prevention strategies. 

REFERENCES 

References for this chapter can be found at www.mhhe.com/au/CSM5e 
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Teamwork and communication 

With regard to the sports medicine team, we think it should 

at least consist of a sports medicine physician, a physical 

therapist and a conditioning specialist. Together they follow 

the player from injury to return to play. 

The final key point of a good strategy is to have a shared 

working method within the clinical team. Within our philosophy 

the physician should act as the case manager. He or she is 

in charge of controlling the process, from the beginning to 

the end, communicating regularly and coordinating the team 

around the patient, and planning a customised protocol. 

Having a strong and consistent communication model within 

the team is critical for success. Frequent clinical updates are 

important to constantly monitor patient's improvements and 

solve eventual complications. In fact, the strength of a sports 

medicine group has to be measured in the management of 

difficu lt cases, when both logistical considerations and clinical 

skills are required. 



Chapter 2 

Integrating evidence into shared 
decision making with patients 
with STEVEN J KAMPER and CATHERINE SHERRINGTON 

Incredibly, some scientifically educated medical school graduates still see evidence as inferior 
co intuition and experience: chose are the ones who give me chills. 

Dr Harriet Hall 

Case: introduction 

Your patient is Mrs J, a 55-year-old woman with knee pain. 

She complains of pain, stiffness and mechanical symptoms 

consistent with a meniscal tear. She has had an X-ray in 

which the radiologist notes degenerative changes consistent 

with osteoarthritis. 

Question 

Should you recommend surgical or non-surgical 

management? 

WHAT IS EVIDENCE-BASED PRACTICE? 
Evidence-based practice (EBP), also known as evidence
based medicine (EBM), is the dominant paradigm under 
which healthcare professionals across the world are now 
expected to practice. We use the term 'practice' to avoid 
the ambiguity in the word 'medicine' (which is sometimes 
used to refer only to the work of medical doctors). 
Clinicians and researchers from McMaster University in 
Canada in the 1980s and 90s are credited with developing 
the ideas behind EBP and championing the movement. 
The most commonly used definition comes from David 
Sackett 1 and it highlights the integration of three 
elements: best available evidence from well-conducted 
and relevant scientific research, clinical expertise, and 
patient values and preferences2 (Fig. 2.1). 

Evidence-based practice should provide better patient 
outcomes than so-called 'eminence-based practice' 
whereby the opinion of the clinician alone defines 
an optimal management decision. In the caricature of 
eminence-based practice, inappropriate and outdated 
methods and practices were perpetuated from senior 

to junior clinicians and personal clinical experience 
weighed more heavily than quality research evidence. We 
acknowledge that many clinicians provided wonderful 
evidence-based practice before the term 'evidence-based 
practice' was coined. 

Today, healthcare systems and consumers expect 
practice to be grounded in science. This mirrors the 
progression to today's technology-supported world from 
a society based on semi-mystical beliefs and paternalism. 
EBP, however, asks more than just acceptance of a 
scientific world view; it requires explicit understanding 
and integration of the three elements. 

'Evidence-based practice' is the integration of 
best research evidence with clinical expertise 

and patient values-David Sackett 

Figure 2.1 Schematic illustration of how clinical skills, 
evidence from research and patient desire should 
overlap to provide the 'quality decision' for the patient 
'evidence-based practice 
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WHY IS THE EVIDENCE-BASED PRACTICE 
CONCEPT CONTROVERSIAL? 
Superficially, the principles of EBP are straightforward 
and few argue that it represents a superior model to a 
paternalistic opinion-based medical model. In general, 
clinicians have positive attitudes towards EBP. Yet debate 
over the merit of EBP occupies space in numerous high
profile medical journals. In particular, there is contention 
when research evidence conflicts with clinical opinion 
that is based on observation and recall of patient outcomes. 

PRACTICE PEARL 

To accept the primacy of relevant high-quality 
research evidence requires acceptance of the flawed 
nature of one's own observations and recollections. 

Also, engagement with EBP requires the clinician to be 
continually up-to-date as new scientific evidence emerges. 
This represents a substantial, perpetual commitment 
when compared to the alternative of basing decisions only 
on one's clinical expertise and prior academic training. 

Many critics of EBP accuse its practitioners of focusing 
only on research results. This is an inappropriate criticism 
of EBP because EBP by definition integrates the best 
available research evidence with clinical expertise to 
guide treatment of individual patients. 

PRACTICE PEARL 

All three elements of EBP (not one alone), guide 
the final informed and shared decision about the 

treatment course. 

CHALLENGES TO EBP 
Four barriers facing clinicians who embrace EBP are: 
• lack of access to digestible evidence 
• inadequate skills to appraise and interpret published 

research3· 4 

• limited patient understanding of clinical issues- health 
literacy 

• lack of time to address the above. 
A lack of access to research, inadequate computer and 

internet services, and the inability to locate and retrieve 

Case: eminence-based practice 

You ask a senior colleague for advice regarding Mrs J . He 

has seen lots of these cases and says that Mrs J . needs to 

get her men iscus sorted out with an arthroscopy, the sooner 

the better. 
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articles may become less problematic with time. Clinicians' 
self-perceived inability to locate, appraise, synthesise and 
integrate research into practice reflects limitations in 
their training. As a newcomer to the curriculum, EBP is 
squeezed in behind the established curriculum. Of course, 
it should be naturally integrated into all clinical teaching 
and supplemented with formal training in technical issues 
such as performing or interpreting meta-analysis. As with 
all elements of clinical practice, 'time' limits clinicians in 
accessing evidence, synthesising evidence to plan best 
practice, and in sharing all the evidence with the patient 
in a 10, 20 or even 30-minute consultation. We stress that 
'shared decision making' means that patient scheduling 
must include time for the patient to truly engage, consider 
and discuss the options. 

IMPLEMENTING EBP 
Here we outline some first steps and resources2· 5• 6 for 
clinicians aiming to follow EBP guidelines. 

Accessing research 
Continuously updated and freely available databases 
including the Physiotherapy Evidence Database (PEDro), 
PubMed and the Cochrane Library index health and 
medical literature. Their search interfaces are intuitive. 
These resources can be accessed via personal computers as 
well as tablet and mobile devices. Designing and carrying 
out searches of these databases is a particular skill in itself, 
but one that is easily learned using these free websites 
and their 'help' resources. 

The PubMed database cites more than 24 million 
references in all areas of biomedicine and it provides free 
access to abstracts. Its 'clinical queries' feature can greatly 
assist in locating relevant articles (www.ncbi.nlm.nih.gov/ 
pubmed/ clinical). 

The Physiotherapy Evidence Database (PEDro) indexes 
more than 30 000 clinical practice guidelines, systematic 
reviews and randomised controlled trials (RCTs) relevant 
to physiotherapy.6 Two important features of PEDro are 
its specificity to physiotherapy research and study design, 
which means that searches are more likely to find relevant 
studies and the methodological quality rating of all RCTs 
via the PEDro scale. 

The Cochrane Library houses carefully conducted 
systematic reviews that provide the most robust evidence 
related to the effectiveness of interventions and diagnostic 
tests. Cochrane reviews are all conducted according to 
rigorous standards and processes to ensure maximum 
reliability of results. Cochrane reviews are freely accessible 
from all IP addresses within the countries that pay a 
subscription fee, as well as in developing countries. 



Integrating evidence into shared decision making with patients 

Retrieving articles 
While databases such as PEDro and PubMed provide 
the article abstract, this is rarely enough to appraise the 
reliability and applicability of a study so it is necessary 
to access the full text. A recent change in scientific 
publishing toward the 'open-access model', comes with 
a trend toward increasing availability of free, full-text 
versions of articles. This is likely to increase in the future. 
Currently, research articles are freely available from large 
general medical journals such as the British Medical Journal 
and specialty journals published by the BioMed Central 
(BMC) and Public Library of Science (PLoS) groups, among 
others. Some other individual journals make selected 
content or material greater than one year old freely 
available. An index of freely available journals can be found 
at www.freemedicaljournals.com. Clinicians working in 
universities or large hospitals will have access to the full 
text articles of journals for which their institution pays 
a subscription fee and some professional associations pay 
subscription fees to relevant journals so that content is 
available to members. 

Published appraisals 
In addition to complete reports of original research 
studies, some journals publish short summaries, including 
critical appraisal of studies published elsewhere. These 
include the British Journal of Sports Medicine, Euidence

based Medicine and the Journal of Physiotherapy. The 
Cochrane Library also includes lay-language summaries 
of their systematic reviews. The advantage of these short 
summaries is that the quality of the study and reliability 
of the evidence is appraised and reported along with the 
findings themselves. 

Interpreting research about 
treatment effects 
The top level of evidence for questions regarding the 
effectiveness of an intervention comes from a systematic 
review of RCTs; evidence from an individual RCT occupies 
the level underneath (Fig. 2.2). Systematic reviews ofRCTs 
provide the highest level of evidence 1· 2· 5 because a well
designed and conducted RCT design overcomes many 
of the sources of bias associated with other study types; 
appropriate synthesis of the findings of all available RCTs 
relevant to a particular question gives the most accurate 
estimate of the size of the treatment effect. However, the 
strength of the evidence depends on the number and 
quality of the RCTs in the systematic review. 

Why prioritise RCTs over case series or observational 
studies when it comes to determining the effect of 
treatment? The key issue with observational studies is that 

Cohort studies 

Case-controlled studies 
Case series/reports 

Background information/expert opinion 

Figure 2.2 Hierarchy of evidence about the effects of 

treatment 

we do not know what would have happened to patients if 
they received a different treatment or no treatment at all. 
It is also not enough to compare the response to treatment 
in one study with the response to another treatment (or 
no treatment) in another study, as there may be important 
unmeasured differences between the two samples. 

Risk of bias 
All research studies are not created equal; some are more 
likely to give a reliable answer to the question than others.5· 6 

All RCTs indexed on the PEDro database are rated for 

Case: initial search 

A search of the Cochrane Library using the words 'knee 

and arthritis' returns 33 records. One is a Cochrane 

systematic review titled 'Arthroscopic debridement for knee 

osteoarthritis' publ ished in 2008. The authors conclude that 

debridement is no different to sham surgery (based on one 

RCT) and no different to arthroscopic lavage (two RCTs). 

Case: second search 

You recognise that the systematic review is a bit old and 

not completely specific to patients w ith meniscal pa thology, 

so you look further. A search of PEDro using the keywords 

'arthritis and surgery' specifying the method 'clin ica l trial' and 

the body part 'lower leg or knee' returns 10 studies. One is 

an RCT ti tled 'Surgery versus physical therapy for a meniscal 

tear and osteoarthritis', from 2013. The authors found that 

there was no difference between the meniscectomy group 

and the physiotherapy group in terms of pain and disabi lity 

at 6 months. 
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methodological quality. In practice, this means that trained 
racers have gone through every trial and scored whether it 
satisfies each of a list of criteria (the PEDro scale) that are 
reported on the PEDro website. (www.pedro.org.au). 

The Cochrane risk of bias tool has many commonalities 
with the PEDro scale and is used to assess the quality of 
trials in many Cochrane reviews. Each item of the quality 
scale relates to an issue that could result in biased study 
results; for each criterion that is not met, the risk that the 
study results are biased is greater. Examples of items that 
might bias a study result include: 
1. whether the researcher deciding whether patients 

were included in the study knew to which group they 
would be assigned (concealed allocation) 

2. whether the intervention and control groups were 
comparable at baseline 

3. whether a large proportion of the patients who began 
in the study remained until follow-up was complete. 

Research about other types of clinical 
questions 
Not all clinical questions relate to the effectiveness of 
treatments. For example, there are also relevant clinical 
questions about predicting the likelihood of good or poor 
outcomes in a patient or about the accuracy of a diagnostic 
test. These types of questions are fundamentally different 
to those about the effect of treatment, so it makes sense 
that the study design is different. 

Questions about prediction or risk require that 
investigators recruit a large group of people who are at 
the same stage of the disease process. These participants 
are then followed over time to see who does well and 
who does not (i.e. a prospective cohort study). The 
investigators need to measure all the factors that might 
be relevant in determining the patients' future outcome 
(e.g. body weight in people with osteoarthritis) and make 
sure not too many of the participants drop out over the 
course of the study. A prospective cohort study can be 
useful to help a clinician provide evidence-based advice to 
patients about what to expect regarding their recovery. 

Questions about diagnosis should be addressed using 
a study that compares the results of a diagnostic test 
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Case: appraisal 

Looking at the PEDro scale score for the RCT you find that 

six of the 10 criteria were met. This indicates moderate 

quality, but there is the potential for bias due to certain 

factors, including the lack of blinding of outcome assessors 

and the fact that randomisation was not concealed . Further, 

a significant proportion of the patients randomised to the 

physical therapy intervention later crossed over and received 

surgery. 

Case: decision 

Based on the evidence from the review and the RCT, you 

are doubtful of the benefits of surgery for Mrs J. You note, 

however, the moderate quality of the RCT and the issue of 

crossover and following discussion with Mrs J decide to trial 

a 2-3 month program of physical therapy prior to reviewing 

her condition . 

(the index test) with the results of an accepted standard 
for the diagnosis (the reference standard or gold standard), 
at the same time. For example, a study might compare 
Lachman's test for anterior cruciate rupture (detailed in 
Chapter 35) with MRI assessment (reference standard) in 
the same patients. The accuracy of the reference standard 
is key to the quality of a diagnostic study. 

A second critical design feature of diagnostic studies is 
that the person performing the index test does not know 
the results of the reference standard. If the tester knows 
whether or not the patient has the condition it may bias 
their interpretation of the index test. So in the example, 
the person performing the Lachman's test should not 
know the results of the MRI assessment. 

A final important feature concerns how the patients in 
the study sample are assembled. Ideally, all the patients in 
the sample should represent those that present for care, 
which means that diagnosis is unknown before the test is 
performed. The Cochrane Library now includes systematic 
reviews of diagnostic test studies. 



Chapter 3 

Sports injuries: acute 

with STUART WARDEN 

After feeling discomfort in my hamstring after rhe first round lase night and then again 
in rhe semi-final tonight, I was examined by rhe Chief Doctor of rhe National 

Championships and diagnosed with a grade I rear. 

Usain Bolt, posted on Twitter 6 weeks before the Rio 2016 Olympic Games 

Participation in sports and athletic endeavours has well
known health and wellness benefits. Unfortunately, 
participation is also associated with a risk of injury. Sporting 
injuries can occur during either competition or training 
and can affect any type of musculoskeletal connective 
tissue (Table 3.1). Injury to these tissues may be categorised 
as being either acute or overuse, based on the mechanism 
of injury and rapidity of symptom onset. The current 
chapter discusses acute injuries, whereas overuse injuries 
are described in the subsequent chapter (Chapter 4). 

An acute injury refers to an injury that occurs during 
a single, identifiable traumatic event. They arise when 
the force applied to a tissue generates stresses and/or 
strains that are greater than the tissue can withstand. The 
net result is tissue failure which generates macroscopic 
damage and the rapid onset of symptoms, such as pain and 
loss of function. The severity of the symptoms depends on 
the tissue injured and the extent of the damage. 

Forces applied to a tissue can be derived from either 
extrinsic (i.e. from outside the body, such as from a direct 
blow or collision with an external object) or intrinsic (i.e. 
from inside the body, such as from muscle contractile 
forces, or joint and tissue biomechanics) sources. Thus, 
acute injuries are frequently categorised as having 
extrinsic or intrinsic causes. Knowing the cause of acute 
injury has implications with regard to injury prevention 
as extrinsically generated forces may be modified by 
altering equipment, playing surface or sport rules, while 
intrinsically generated forces require an individual athlete's 
characteristics and capabilities to be considered (such as 
muscle strength, endurance and flexibility, motor control, 
joint range, biomechanics and proprioception). However, 
as an acute injury always results in intrinsic changes, an 

individual athlete's characteristics and capabilities need to 
be considered in all instances of acute injury in order to 
facilitate return to participation and prevent re-injury. 

When a force is applied to a tissue, the nature of the 
force being applied (such as the direction, magnitude and 
rate of loading) and the mechanical properties of the tissue 
in the direction of loading determine whether the tissue 
fails. The latter is determined by a combination of innate 
(non-modifiable) and environmental (modifiable) factors. 
Modifiable factors alter the safety factor between usual and 
injurious loads by either increasing or decreasing genetically 
endowed tissue strength. Modifiable factors include: 

1. previous loading history and subsequent tissue adaptation 
2. the presence and degree of any underlying microscopic 

tissue damage (overuse injury) 
3. history of previous acute injury to the tissue and 

extent of mechanical strength recovery. 

PATHOPHYSIOLOGY 
AND INITIAL MANAGEMENT 
An acute injury initiates a common sequence of 
preliminary processes, irrespective of the specific tissue 
injured. Haematoma formation from damaged blood 
vessels gives way to an acute inflammatory response 
involving fluid exudation and phagocytosis. Fluid 
exudation contributes to oedema formation (i.e. swelling) 
and the delivery of white blood cells to the injured site, 
while phagocytosis aids the removal of damaged tissue 
and cellular debris. Swelling occurring within a joint is 
referred to as an 'effusion' and usually takes place slowly 
over the course of 12-24 hours. More rapidly occurring 
joint swelling (e.g. within the first 2-3 hours after injury) 
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Table 3.1 Classification of sporting injuries 

Bone 

Hyaline cartilage 

Fracture (including growth plate) 

Periosteal contusion 

Chondral/osteochondral injury 

. -
Stress injury (including stress reaction and stress 

fracture) 

Osteitis, periostitis 

Apophysitis, enthesopathy 

Osteophyte/bone spur 

Chondropathy (e.g. softening, fibrillation, fissuring, 

chondromalacia) 

Fibrocartilage Acute tear (including meniscal, labral , and intra

articular and intervertebral discs) 

Degenerative tear 

Herniation of nucleus pulposus from 

intervertebral disc 

Joint 

Ligament 

Muscle 

Tendon 

Fascia 

Bursa 

Nerve 

Fat pad 

Skin 

Herniation of nucleus pulposus from 

intervertebral disc 

Dislocation 

Subluxation 

Sprain/tear (grades 1-111) 

Strain/tear 

Contusion 

Cramp 

Acute compartment syndrome 

Tear (partial or complete) 

Tear (partial or complete) 

Traumatic bursitis 

Neuropraxia 

Bruise/contusion 

Laceration 

Abrasion 

Puncture wound 

indicates the effusion contains blood (i.e. haemarthrosis) 
and that an intra-articular structure has been damaged. 

The acute inflammatory response to injury stimulates 
nociceptors to activate pain pathways. Pain is the body's 
way of protecting the injured site from further damage 
and leads to muscle inhibition and functional limitation. 
Muscle inhibition is also influenced by swelling. 
Reactive muscle spasm serves as an additional protective 
mechanism to further reduce potentially injurious loading, 
but also contributes to pain. 

The acute inflammatory phase has the goals of protecting 
the damaged tissue from further injury, preparing the 
injured site for repair and stimulating the recruitment 
and activation of reparative cells. The inflammatory phase 
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Chondropathy (e.g. softening, fibrillation, fissuring, 

chondromalacia) 

Synovitis 

Osteoarthritis/osteoarthrosis 

Instability 

Inflammation 

Chronic compartment syndrome 

Delayed onset muscle soreness 

Focal tissue thickening/fibrosis 

Tendinopathy (includes paratenonitis, tenosynovitis, 

tendinosis and tendinitis) 

Fasciopathy (includes fasciitis and fasciosis) 

Bursitis/bursosis 

Entrapment 

Minor nerve injury/irritation 

Adverse neural tension 

Impingement/irritation 

Blister 

Callus 

is generally thought to persist for 48-72 hours; however, 
the duration within a particular individual can vary, and 
can be influenced by the tissue damaged, the severity 
of the damage and early management. Signs that acute 
inflammation is persistent include ongoing pain at rest 
and/or night, prolonged (>30 minutes) morning pain and 
stiffness and ongoing swelling that changes in volume 
according to recent activity. 

Early management of acute mJuries has historically 
centred on the PRICE acronym, which stands for 
protection, rest, ice, compression and elevation. Ice, 
compression and elevation are universally accepted, 
despite a lack of strong evidence for their efficacy, 1 and 
are introduced to reduce pain, decrease blood flow and 



swelling and slow cellular metabolism to reduce risk of 
secondary injury (e.g. cell death due to hypoxia). 

Similarly, there is general consensus for some degree of 
protection and rest immediately after injury; however, there 
is increasing acknowledgement that their duration should be 
limited due to the known detrimental effects of prolonged 
immobilisation and unloading of connective tissues. Instead, 
early loading is being increasingly advocated and shown as 
an important component of the early management of acute 
injuries. As a result, there are calls for the PRICE acronym to 
be changed to POLICE whereby 'rest' is replaced by 'optimal 
loading' (see Chapter 17).2 

Optimal loading aims to take advantage of the 
responsiveness of musculoskeletal tissues to mechanical 
stimuli. It involves introducing progressive functional 
loading to stimulate connective tissue synthesis and 
promote healing, but without causing further damage. 
Optimal loading is principally guided by pain, with the 
induction of pain during loading indicating that tissue
level forces are too great for the current level of healing 
and that the load should be reduced to a pain-free level. 

BONE 
Fracture 
There is a large safety factor between the forces bone is 
exposed to during athletic activities and the forces required 
to generate a fracture. In the absence of a bone pathology 
that is causing generalised or localised bone fragility, large 
forces are required to fracture a bone. Such forces can result 
from direct trauma such as a blow or indirect trauma such 
as an awkward fall or twisting motion. 

Traumatic fractures can be dichotomised as either 
closed (simple) or open (compound). The skin is intact 
over the fracture site in closed fractures, whereas in open 
fractures skin integrity is lost, often due to penetration 
from within by the fractured bone. The presence of a 
skin wound in open fractures that is continuous with the 
fracture site enables pathogens to enter and contribute to 
bone infection. Thus, individuals with an open fracture 
should be treated with prophylactic antibiotic therapy. 

Within the dichotomy of open and closed fractures, 
fractures can be further classified according to their 
fracture pattern (Fig. 3.1), location in terms of both 
the affected bone and the location within that bone, 
amount and type of displacement of the fractured ends 
of the bone, and/ or the specific name of the fracture. For 
instance, a Colles' fracture refers to a fracture of the distal 
radius with dorsal (posterior) and radial displacement of 
the distal fracture segment, whereas a Smith's fracture also 
refers to a fracture of the distal radius, but with ventral 
(anterior) displacement of the distal segment. 

The immature skeleton presents some unique fractures 
because of its lower mineralisation and presence of unfused 

(a) (b) 

(c) (d) 

Figure 3.1 Types of fracture (a) Transverse (b) Oblique 

(c) Spiral (d) Comminuted 

secondary ossification centres with interposed growth 
plates. The lower mineralisation of the immature skeleton 
makes it more flexible than the adult skeleton and, 
consequently, susceptible to buckling. When a sufficient 
bending force is applied to an immature bone the cortex 
on the side that the bone is bending toward is exposed 
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to compressive forces and buckles, while the cortex on 
the opposite side cracks open due to tensile forces. The 
resultant greenstick fracture is named according to how a 
green (i.e. fresh) stick buckles and cracks when bent. When 
the injurious force causes axial compressive loading of an 
immature bone as opposed to bending, the result can be 
the development of a torus or buckle fracture characterised 
by buckling and bulging of the cortex on all sides. 

Growth plate fractures in children and adolescents 
present a particular problem and are discussed in detail in 
Chapter 43. The most common growth plate fracture is an 
avulsion fracture. Unfused secondary ossification centres 
represent an area of relative weakness in the young 
skeleton. They serve to develop bony prominences, such 
as tubercles and epicondyles, upon which tendons and 
ligaments attach. With an appropriate tensile pull from 
a tendon or ligament, a secondary ossification centre can 
be pulled away from the rest of the bone at its growth 
plate resulting in the development of an avulsion fracture. 
Avulsion fractures can also occur in the adult skeleton 
when extreme tensile forces at the insertion site of a 
tendon or ligament pull off a portion of bone. 

The primary aim of fracture management is to allow the 
fracture to heal in the most anatomical position possible so 
that the mechanical function of the bone can be restored. 
If the fracture is displaced, it should be reduced to realign 
the bone fragments back to their anatomical position. 
A fracture that heals in an abnormal position (i.e. mal
united fracture) can lead to the long-term development of 
secondary complications, such as osteoarthritis. 

Reduction is typically extremely painful and resisted 
by muscle spasm. Thus, it is usually performed under a 
short-acting anaesthetic, sedative or nerve block and 
with muscle relaxants. Once the fragments are reduced, 
the fracture needs to be held in place to permit fracture 
gap bridging. The method of stabilisation depends on the 
stability of the fracture. Stable fractures may be managed 
with a simple sling, cast or fracture brace, whereas more 
rigid stabilisation is required for unstable fractures that 
do not readily maintain their reduced position. Rigid 
stabilisation may consist of open reduction and internal 
fixation (ORIF) wherein the fracture site is opened 
surgically, reduced and fixed using metal plates, rods, 
screws, pins, and/or wires. ORIF has the advantage of 
allowing earlier introduction of forces across the fracture 
site. However, the trade-offs include: 

• potential hardware loosening, failure and irritation 
• opening the fracture site to the possibility for infection 
• excessive stabilisation of the fracture leading to insufficient 

fragment micromotion and atrophic non-union 
• peri-implant fracture resulting from regional osteoporosis 

due to stress shielding. 
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In addition to reducing a fracture and providing an 
environment that is permissive of bone regeneration, 
it is necessary to assess and monitor for other possible 
complications of fracture. Infection and mal-union have 
already been mentioned. Other acute complications that 
need consideration include acute compartment syndrome 
(discussed later), associated injuries (e.g. nerve, vessel), 
deep venous thrombosis/pulmonary embolism, and 
delayed or non-union. 

Soft tissue injury, such as ligament or muscle damage, 
is often associated with a fracture and may cause more 
long-term problems than the fracture itself. Thus, it is 
important to address any concomitant soft tissue injury. 
Occasionally, deep venous thrombosis and pulmonary 
embolism may occur after a fracture, especially a 
lower limb fracture. This should be prevented by early 
movement and active muscle contraction. 

Delayed or non-union of a fracture causes persistent 
pain and disability, and can be caused by excessive 
or insufficient fracture site stabilisation, presence of a 
complicated fracture type (e.g. open or highly comminuted 
fractures), insufficient or disrupted blood supply (e.g. 
due to abnormal regional anatomy or the presence of 
comorbid conditions such as diabetes) and lifesryle factors 
(e.g. smoking, excessive alcohol intake and poor nutrition), 
to name a few. Management options for delayed or non
united fractures include non-surgical treatments, such 
as low-intensity pulsed ultrasound and electromagnetic 
therapies (Chapter 16), as well as surgical treatments, 
such as bone graft or bone graft substitute, internal 
fixation and/or external fixation. In the future, biological 
compounds and small molecule pharmaceuticals may 
become available. Specific fractures that are common in 
athletes are discussed in Part B chapters. 

Periosteal contusion 
The periosteum is a dense, fibrous tissue that is firmly 
attached to the outer surface of bones and is both highly 
vascular and innervated. At subcutaneous skeletal sites 
(such as the medial surface of the tibia and iliac crest), 
the periosteum is susceptible to acute trauma from 
a direct blow with an external object, such as a ball, 
stick, opponent or playing surface. The blow damages 
periosteal blood vessels resulting in the development of a 
subperiosteal haematoma, otherwise known as a periosteal 
contusion. The confined space beneath the periosteum 
limits the spread of the haematoma, occasionally 
leading to the development of a palpable lump. The 
raised periosteum is tensed and inflamed/irritated, 
stimulating its plentiful nociceptive nerve endings to 
cause considerable pain, especially upon palpation and 
on contraction of muscles attaching to the injured region. 



A periosteal contusion at the iliac crest, often referred to 
as a 'hip pointer' injury, can be extremely painful because 
of involvement of the cluneal nerve which runs along the 
iliac crest. Management of periosteal contusions focuses 
initially on minimising the extent of the haematoma using 
conventional first aid approaches followed by a gradual 
return to activity. Protective equipment (such as shin 
guards and padding) should be considered for future 
prevention. 

HYALINE CARTILAGE 
Chondral and osteochondral injuries 
Hyaline, or articular, cartilage lines the articular surface of 
bone regions forming synovial joints. It provides a smooth, 
lubricated surface allowing for low-friction gliding and 
possesses unique viscoelastic properties which facilitate 
the absorption and distribution of loads to the underlying 
subchondral bone. In fulfilling these roles, hyaline cartilage 
is principally exposed to compressive loads. Acute joint 
subluxation or dislocation (discussed below) and acute 
ligament sprain or rupture (discussed later) can lead to 
locally high compressive forces and the superimposition of 
shearing forces due to excessive joint translation. The net 
result can be development of an acute chondral (cartilage), 
as shown in Figure 3.2a and b, or osteochondral injury, 
with the latter involving both the articular cartilage and 
underlying (subchondral) bone (Fig. 3.2c). 

Articular cartilage is radiolucent and therefore 
most chondral injuries are not visible on conventional 
radiology. As a result, these injuries have historically been 
underdiagnosed. With the advent of magnetic resonance 
imaging and direct visualisation via arthroscopy, it has 
become clear that chondral injuries are far more common 
than previously realised. Clinicians must maintain a 
high index of suspicion for chondral involvement if an 
apparently 'simple joint sprain' remains painful and 
swollen for longer than expected, despite the presence 
of normal X-rays. Common sites for chondral and 
osteochondral injuries are the femoral condyles, superior 
articular surface of the talus, capitellum of the humerus 
and patella. 

Chondral injuries are a concern due to their poor healing 
and their contribution to the development of premature 
osteoarthritis. Articular cartilage has limited regenerative 
and repair capacity due to its avascular nature. As larger 
lesions or defects have lower probability of healing, 
classification systems have been developed to quantify 
the severity of chondral damage and guide prognosis. 
Chondral lesion severity is determined by the depth the 
injury extends towards the underlying bone and the size 
of cartilage affected, whereas osteochondral lesion severity 
is determined by the continuity of the overlying cartilage 

(b) 

(c) 

d isruption 
of deep articular 
cartilage 

disruption 
of articular 
surface only 

disruption of 
articu lar cartilage 
and subchondral 
bone 

Figure 3.2 The three types of articular cartilage injury 

and stability of the lesion. Scales generally extend from O 
(normal) to a high score of 4 (exposed bone for chondral 
injuries; fragment displacement for osteochondral lesions), 
with higher scores indicating greater damage and a worse 
prognosis. 

Chondral and osteochondral injuries in young active 
individuals represent a therapeutic challenge. The goal of 
treatment is to restore the structural integrity and function 
of the affected surface so that it can withstand the significant 
stresses associated with athletic endeavours. The hope is to 
permit a return to participation while minimising cartilage 
degeneration and the need for early arthroplasty (joint 
replacement). Treatment options for chondral injuries range 
from palliative techniques (such as chondroplasty to smooth 
loose edges of damaged cartilage and arthroscopic washout 
to remove debris) to techniques aimed at stimulating 
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cartilage repair or restoration. Reparative techniques include 
bone marrow stimulation techniques such as abrasion 
arthroplasty, drilling and microfracture, whereas restorative 
approaches include autologous osteochondral mosaicplasty, 
osteochondral allograft transplantation, and chondrocyte 
and mesenchymal stem cell-based therapies wherein cells 
are implanted into the cartilage lesion and covered with a 
periosteal or collagen-membrane cover. Treatment choice 
depends upon the size of the chondral or osteochondral 
lesion, with great debate continuing as to the most effective 
approach. Ultimately, return to sport depends on a range 
of factors, including athlete age, duration of symptoms, 
level of play, repair tissue morphology, lesion size, type 
and location, and the number of surgeries and concomitant 
procedures.3 

FIBROCARTILAGE 
Acute tear 
Fibrocartilage consists of a mixture of fibrous and 
cartilaginous tissue in varying proportions, which provide 
it with both toughness and elasticity. Fibrocartilage 
forms a range of structures in different joints with 
varying functions, but roles generally include enhancing 
joint stability, contributing to shock absorption and 
distribution and promoting joint lubrication. Example 
fibrocartilage structures include the knee menisci, glenoid 
and acetabular labrums, triangular fibrocartilage complex 
(TFCC) at the radio-carpal joint, volar plates of the digits, 
and articular discs within the acromioclavicular and 
sternoclavicular joints. 

Given the predominantly mechanical roles of 
fibrocartilage structures in enhancing joint congruency 
and distributing stresses, it is not surprising that they are at 
risk of acute injury when excessive forces are introduced. 
For instance, the knee menisci are at risk when rotation 
is superimposed onto a flexed and loaded knee, whereas a 
fall onto an outstretched hand can acutely injure the TFCC 
at the radio-carpal joint. Joint fibrocartilage structures 
can be injured in isolation; however, simultaneous injury 
with associated joint structures (e.g. ligaments and joint 
capsule) is common due to their close anatomical and 
mechanical relationships. For instance, it is common 
for a knee meniscus and the anterior cruciate ligament 
to be simultaneously injured as they share a common 
mechanism of injury (i.e. rotating on a flexed and loaded 
knee). Similarly, during shoulder dislocation it is common 
for the anterior glenoid labrum to be simultaneously 
injured with the glenohumeral ligaments and joint 
capsule due to their anatomical connections and forces 
being introduced. 

Signs and symptoms of acute fibrocartilage injury are 
region- and injury-specific, but generally include pain and 
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swelling in the affected joint combined with joint clicking, 
catching or locking. The latter joint events are often 
delayed in their presentation, occurring once the initial 
acute symptoms have subsided and normal use of the joint 
has recommenced. Joint clicking, catching or locking can 
contribute to reflex muscle inhibition and the sensation of 
the joint 'giving way' during load bearing. 

Management of acute fibrocartilage injuries depends 
on the type, size and location of damage. Management 
options are dichotomised into conservative and surgical, 
with surgical options including repair, removal and 
replacement of the damaged fibrocartilaginous structure. 
Surgery is an option for individuals who have failed to 
respond to conservative management, but is also frequently 
used as a first-line management approach, particularly for 
injuries in regions that have limited healing potential. The 
latter regions include the relatively avascular zones within 
the inner two-thirds of the menisci and the central region 
of the TFCC. 

Herniation of nucleus pulposus 
from intervertebral disc 
Herniation of the nucleus pulposus in athletes most 
commonly occurs secondary to damage accumulation 
within the disc in response to repetitive flexion and/ 
or rotational loading. Thus, the vast majority of disc 
herniations are overuse injuries, despite the onset of 
symptoms often occurring relatively spontaneously and in 
response to an apparently trivial loading event. However, 
it is possible to acutely prolapse or herniate an otherwise 
healthy intervertebral disc with sufficient compressive 
and flexion force. This can occur during contact sports 
when the spine is axially loaded while in a flexed position, 
such as when driven into the ground when being tackled. 
The disc may protrude or herniate radially beyond the 
usual margins of the annulus fibrosis or herniate through 
the vertebral body endplate into the vertebral body to 
form a Schmorl's node. 

JOINT 
Dislocation/subluxation 
Joint stability depends on the interaction between the 
passive, active and neural subsystems. Muscles and tendons 
combine to form the active subsystem, which is controlled 
by the neural subsystem, to provide dynamic joint stability. 
When the force applied to a joint exceeds the capabilities 
of the active subsystem or when the active and/or neural 
subsystems are compromised, loads are transferred to the 
passive subsystem. The passive subsystem consists of non
contractile connective tissues, which includes the bony 
anatomy, joint capsule, ligaments and fibrocartilage joint 
structures (e.g. labrum, volar plates, menisci). 



Excessive load placed on the passive subsystem can 
cause the bones forming a joint to abnormally translate or 
luxate relative to one another. When the bones are forced 
to completely separate so that the articulating surfaces 
are no longer in contact it is referred to as dislocation 
(Fig. 3.3a). Subluxation (partial dislocation) refers to when 
the bones shift relative to one another, but the articulating 
surfaces remain partially in contact (Fig. 3.3b). 

Luxation of a joint invariably results in damage to 
passive subsystem structures. The structures damaged 
and extent of damage depends on the direction and 
magnitude of the luxation force and the inherent stability 
of the joint created by the passive subsystem. The hip 
joint is inherently stable because the large ball shape of 
the femoral head is well encased in a reciprocating socket
shaped acetabulum and the bones are supported by a 
strong joint capsule that is reinforced by robust ligaments. 
Thus, considerably more force is required to luxate the hip 
joint compared to a less stable joint, such as the shoulder. 

The shoulder lacks inherent stability because the 
large humeral head outsizes the small, shallow glenoid 
fossa and the joint possesses a thin, loose capsule that 
is minimally supported by ligaments. The heightened 
force required to luxate inherently stable joints (such 
as the hip, elbow, ankle and subtalar joints) means that 
subluxation or dislocation of these joints is more likely 
to be associated with damage beyond that to the joint 
capsule and ligaments, including fractures and damage to 
cartilage, vessels and nerves. 

A dislocated joint is readily identifiable by gross deformity 
with complete loss of joint function. The individual presents 
with significant, acute pain and often has the afflicted limb 
cradled or held. Following a neurovascular screen to assess 
for nerve and blood vessel damage, the dislocated joint 
should be reduced as quickly as possible. In most cases, 
this can be performed by applying gradual and controlled 

(a) 

(b) 

Figure 3.3 Acute joint injury (a) Dislocation (b) Subluxation 

distraction of the joint while simultaneously moving the 
joint through a passive range of motion. When distraction 
is unable to overcome the opposing muscle spasm and the 
joint does not readily reduce, use of an injected muscle 
relaxant or general anaesthetic may be required. 

After reduction, all dislocated joints should be X-rayed 
for the presence of an accompanying fracture and the 
joint should be protected to allow the joint capsule 
and ligaments time to heal. However, early protected 
mobilisation is encouraged to promote functional healing, 
and training of the active and neural subsystems should 
commence as early as possible and progress to functional 
activities so that these subsystems may compensate for 
the reduced stability afforded by the damage to the 
passive subsystem. Unfortunately, in some joints (such 
as the shoulder), active and neural subsystem training 
is often insufficient to prevent re-dislocation or chronic 
subluxation, necessitating eventual surgical reconstruction 
of the damaged capsule and ligaments. 

LIGAMENT 
Sprain/tear 
Ligaments typically span Jomts to connect articulating 
bones, and present as either discrete extra-articular 
structures or thickenings of the joint capsule. Their 
structure consisting of tightly packed bundles of collagen 
arranged nearly in parallel along the longitudinal axis of 
the ligament is designed to resist tensile loads. Ligaments 
function to provide passive stability and guide what 
directions of motion are available at a joint. When force 
is applied to a joint that attempts to move the bones in a 
direction they are not designed to move, passive tension 
rises in ligaments on the side of the joint being gapped 
open. When the load is sufficient, and dynamic joint 
stabilisation afforded by the active and neural subsystems 
is insufficient, collagen fibres within ligaments begin to 
yield resulting in an acute ligament injury (commonly 
referred to as a 'sprain'). 

Ligament sprains range in severity from mild injuries 
involving tearing of only a few fibres to complete tears of 
the ligament where ligament continuity and its stabilising 
role is completely lost. Based on the number of fibres torn 
and the subsequent degree of joint instability, ligament 
sprains are classified into three grades (Fig. 3.4), each 
representing an increase in injury severity (Table 3.2). 

Management of acute ligament sprains is summarised in 
Figure 3.5. Initial management consists of first aid techniques 
to minimise bleeding and swelling (Chapter 17). For grade 
I and II sprains, subsequent treatment aims to promote 
tissue healing, prevent joint stiffness, protect against further 
damage and strengthen muscle to provide dynamic joint 
stability. Return to sport usually takes place before tissue 
level healing is complete, with healing of collagen in a partial 
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Figure 3.4 Ligament sprains (a) Grade I (b) Grade II (c) Grade Ill 

ligament tear taking several months.4• 5 Earlier return to sport 
is facilitated by the use of bracing or taping to help protect 
against re-injury. Rehabilitation (especially neuromuscular 
training) should continue in some form following return 
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Table 3.2 Classification of ligament injuries 

Ill 

Disruption of some 

collagen fibres 

Disruption of 

considerable 

proportion of 

collagen fibres 

• Localised tenderness on 

palpation 

• Minimal inflammation 

(swelling) 

• Normal range and end feel 

on ligament stress test, but 

test may be painful 

• Little functional deficit 

• Significant tenderness on 

palpation 

• Can be cons iderable 

inflammation (swelling) 

involving the whole joint 

(effusion) 

• Increased joint play 

on ligament stress test 

(increased ligament laxity), 

but a definite end point is 

present 

• Moderate functional deficit 

Complete disruption • Audible 'pop' may have been 

of all collagen fibres heard at the time of injury 

• Often immediately painful , 

but may become pain-free a 

short time after the injurious 

event due to simultaneous 

disruption of nociceptors 

(pain returns thereafter due 

to effusion and inflammatory 

mediators activating 

alternative nociceptors) 

• Can be considerable swelling 

which may occur rapidly due 

to bleeding into the joint 

(haemarthrosis) 

• Significantly increased joint 

play on ligament stress test 

with no discernible end point 

• Significant functional deficit 

to sport as injury risk is heightened, and individuals often 
have ongoing objective mechanical laxity and subjective 
instability. For instance, as much as one-third of individuals 
report ongoing pain and subjective instability one year 
following acute ankle sprain, while up to a third report at 
least one re-sprain within a period of 3 years.6 

The treatment of a grade III sprain may be either 
conservative or surgical. For example, the tom medial 
collateral ligament of the knee and the torn lateral 
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Figure 3.5 Management of acute ligament sprains 

ligament of the ankle may be treated conservatively with 
full or partial immobilisation. Alternatively, the two ends 
of a torn ligament can be reattached surgically and the 
joint then fully or partially immobilised for approximately 
6 weeks. In certain instances (e.g. anterior cruciate ligament 
rupture), torn ligament tissue is not amenable to primary 
repair and surgical ligament reconstruction may be required 
(Chapter 35). 

During the past few decades, there have been mounting 
efforts to develop tissue engineering strategies that 
encourage ligament regeneration (as opposed to repair) so 
that the final product matches that of native ligament. 
Strategies have included the use of growth factors, cell
based therapies, gene transfer and therapy, and the use 
of scaffolding materials of varying origin.7 While these 
approaches have shown promise in preclinical studies, 
translation to clinical populations remains lacking and is 
required before clinical utility. 

MUSCLE 
Muscle injuries are among the most common injuries in 
sports, accounting for up to half of all sport-related injuries 
at the elite level. They result from either intrinsic or 
extrinsic causes, with the former contributing to muscle 
strains/tears and the later resulting in contusions. 

Strain/tear 
A muscle is strained or torn when excessive tensile and/ 
or shear forces within the muscle cause muscle fibres and 
their surrounding connective tissue to fail. Muscles consist 
of a hierarchy of active contractile elements and passive 
non-contractile connective tissue. The actin and myosin 
machinery responsible for producing active contractile 
forces form myofibrils which are housed in elongated, rod
shaped cells called muscle fibres. The cell membrane of the 

muscle fibre (i.e. sarcolemma) attaches to a basal membrane 
surrounded by a connective tissue sheath called the 
endomysium. Groups of muscle fibres bundle together to 
form fascicles encased in a connective tissue sheath called 
the perimysium. The fascicles in turn combine to form 
the muscle which is surrounded by a final dense sheath of 
connective tissue called the epimysium. 

During muscle contraction, actin and myosin form 
cross-bridges to generate force, which is transmitted 
either via the surrounding connective tissue or directly 
to an attached tendon and subsequently the skeleton, 
to produce motion. In muscle strains, excessive tensile 
force results in muscle fibre failure, which ruptures its 
cell membrane and the basal membrane to which the 
membrane attaches, damages the surrounding connective 
tissue sheaths and tears blood vessels contained within the 
connective tissue sheaths. Depending on the severity of 
the injury, the net result can be pain on active contraction 
and passive stretch of the muscle, a reduction in strength 
due to pain-inhibition, decreased range of motion due to 
muscle spasm and loss of function. 

Muscle strains most commonly occur within the 
hamstring, quadriceps and gastrocnemius muscles, as 
these muscles are exposed to the highest amounts of total 
tension. Total tension is the sum of active tension generated 
by muscle fibre contractile forces and passive tension due 
to stretch on the connective tissue components. Active 
tension can be high in the hamstring, quadriceps and 
gastrocnemius muscles as these muscles often contract 
eccentrically and they contain a high proportion of type-II 
(fast-twitch) muscle fibres- both factors associated with the 
generation of greater active tension. Passive tension is also 
often high in these muscles as they are biarthrodial (cross 
two joints) and are often required to contract while on 
passive stretch over more than one joint. 

To guide prognosis, muscle strains have historically 
been graded using a three-tiered system, with increasing 
grade suggesting a greater severity of injury requiring 
longer recovery.8 A minor strain causing localised pain but 
no or minimal loss of strength is referred to as a grade I 
injury and suggests the involvement of a small number of 
muscle fibres. A grade II strain involves a greater number 
of muscle fibres and is clinically evident by greater pain, 
swelling and loss of strength, while a complete tear of the 
muscle is classified as a grade III injury. In addition to these 
three grades, a grade O injury has been described wherein 
an athlete presents with a clinical syndrome of muscle 
abnormality, but without imaging evidence of pathology. 

Grading systems provide an indication of the severity or 
extent of muscle damage; however, the variable recovery 
time for individuals with similarly graded injuries suggest 
that other factors influence prognosis. With advances 
in magnetic resonance imaging and ultrasonography, it 
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is now possible to also classify or categorise injuries in 
terms of their anatomical location and the type/ s of tissue 
involved. The role of imaging in predicting recovery time 
from muscle strains remains unclear.9 However, there 
is increasing recognition of the benefits of combining 
clinical and radiological findings, which has resulted in the 
generation of a number of'new' muscle injury grading and 
classification systems (Table 3.3 and Fig. 3.6).8• 10- 12 These 
systems have yet to be convincingly validated, 13 but may 
represent a new era in understanding and establishing 
prognosis for muscle strains. 

Common to the new muscle strain grading systems is the 
recognition that strains involving tendinous components 
of the muscle have a worse prognosis. Muscle strains 
most commonly occur at or near the musculotendinous 
junction, which appears as an area of relative weakness in 
skeletally mature individuals. The traditional view of the 
muscle-tendon unit involved a relatively distinct separation 
between the muscle belly and the free tendon at the end 
via which active contractile forces are transmitted to the 
bone. However, advanced imaging and anatomical dissection 
studies have clearly shown that tendinous structures extend 

deeply into the muscle belly and that some muscles also 
have isolated central tendinous structures within the 
muscle belly itself. 

It is well established that muscle strains involving 
concomitant damage to the free tendon (e.g. proximal 
hamstring tendon) require a longer recovery time than 
strains isolated to the musculoskeletal junction. However, 
the presence of and damage to intramuscular and 
central tendons may explain why some individuals with 
historically labelled 'muscle belly strains' have a slower 
than expected recovery. The presence of intramuscular and 
central tendinous structures means that musculotendinous 
junctions occur throughout a greater length of a muscle 
and that 'muscle belly strains' still represent an injury 
occurring at one or more of these junctions. As tendinous 
structures have a slower healing rate than muscle tissue, a 
muscle strain that also involves damage to intramuscular 
or central tendinous structures has the potential to delay 
healing and return to play. 13 Indeed, a recent cohort study 
reported that strains of the biceps femoris muscle with and 
without central tendon disruption required contrasting 
median recovery times of 72 and 21 days, respectively. 14 

Table 3.3 Comparison of classification systems for acute muscle injuries 

1. Mild 

No appreciable tissue 

tearing, no loss of 

function or strength , 

only a low-grade 

inflammatory response 

2. Moderate 

Tissue damage, 

strength of the 

musculotendinous unit 

reduced, some residual 

function 

3. Severe 

22 

Complete tear of 

musculotendinous 

unit, complete loss of 

function 

1. Proxim al 

musculotendinous 

junction 

2. Muscle 

A. Proxima l 

B. Middle 

C. Distal 

a. Intramuscu lar 

b. Myofascial 

c. Myofascial/ 

perifascial 

d. Myotendinous 

e. Combined 

3. Distal musculotendinous 

junction 

A. 

B. 

Indirect muscle disorder/injury 

Functional muscle disorder 

Type 1: Overexertion-related 

muscle disorder 

1 A: Fatigue-induced muscle 

disorder 

1 B: Delayed onset muscle 

soreness (DOMS) 

Type 2: Neuromuscular muscle 

disorder 

2A: Spine-related 

neuromuscular 

2B: Muscle-related 

neuromuscular 

Structural muscle injury 

Type 3: Partial muscle tear 

3A: Minor partial muscle tear 

3B: Moderate partial muscle 

tear 

Type 4: (Sub)total tear 

Subtotal or complete muscle 

tear 

Tendinous avu lsion 

Direct muscle injury 

Contusion 

Laceration 

Ca .Focal neuromuscular 

injury with norma l 

MRI 

0b.Genera lised muscle 

soreness (DOMS) 

with normal MRI 

1. Smal l injuries (tears) 

2. Moderate injuries (tears) 

3 . Extensive tears 

4. Complete tears 

a. Myofascial injury 

b. Within muscle 

usually at 

musculotendinous 

junction 

c. Extends into tendon 
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intratendinous 
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Figure 3.6 Letter classification based on the anatomical 

site of muscle injury within the British Athletics Classification 

system described by Pollock et al.12 (a) Myofascial 

(b) Musculotendinous (c) lntratendinous 

The goal of management of an acute muscle strain 
is to return the athlete to activity at the prior level of 
performance and with minimal risk for re-injury. This 
requires the underlying pathology and the changes it 
introduces (i.e. pain, swelling, weakness, reduced range 
of motion), be addressed. It also requires causative risk 
factors be addressed, with a previous muscle injury being 
the single largest risk factor for a future strain. 

Acute management of muscle strains focuses 
on minimisation of pain and oedema, restoration of 
neuromuscular control at slow speeds and prevention 
of excessive scar formation while protecting the healing 
fibres from excessive lengthening. Recommended early 
techniques include: 1) ice and compression; 2) mobilisation 
and motion, within pain limits and while avoiding 
aggressive stretching techniques; and 3) gentle massage of 
the affected muscle peripheral to the lesion.15 

Subsequent management allows for increased exercise 
intensity, neuromuscular training at faster speeds and 
larger amplitudes and the initiation of eccentric resistance 
training. The final stage of recovery progresses to high
speed neuromuscular training and eccentric resistance 
training in a lengthened position in preparation for return 
to sport. 16 

Contusion 
Muscle contusion is the medical term for a muscle 
bruise, and refers to bleeding and subsequent haematoma 
formation within a muscle and its surrounding connective 
tissue sheaths. Contusions occur when a muscle is 
compressed against the underlying bone by a blunt, 
external force. The force can result from a direct blow 
or collision with an external object, such as an opposing 
player, teammate or piece of equipment. Thus, they are 
common in contact sports and sports involving the use of 
rapidly moving hard objects (e.g. sticks and balls). 

The most common site for muscle contusion is the 
quadriceps, with contusions at this site being referred 
to as a 'corked thigh', 'charley horse' or 'dead leg'. Other 
common sites for contusion include the gastrocnemius 
and gluteal muscles; however, a contusion can occur in 
any muscle exposed to a blunt compressive force. 

Muscle compression causes muscle fibre damage 
and rupture of microvessels. The released blood clots to 
form a haematoma that initiates an acute inflammatory 
reaction aimed at removing the haematoma and damaged 
tissue and initiating a repair response. The haematoma 
may form either within (i.e. intramuscular) or between 
(i.e. intermuscular) the fascia! coverings of the muscle. 
Intramuscular contusions are more self-limiting as the rise 
in pressure within the confines of the fascia! compartment 
reduces blood flow, but they are also generally more 
painful and more restrictive because muscle contraction 
results in further rises in compartment pressure and 
stimulation of nociceptors. 

In contrast, intermuscular contusions are generally less 
painful as the fascia! sheath is damaged which allows the 
haematoma to spread to relieve compartment pressure. 
lntermuscular haematomas are generally more evident 
externally as the blood is able to travel distally due to 
gravity and into the subcutaneous tissues resulting in a 
visible bruise. 

Initial management of a muscle contusion involves 
assessing for presence of an acute compartment syndrome 
(discussed below), controlling bleeding to reduce 
secondary injury (i.e. muscle fibre hypoxia) and protecting 
the injured site from further injury. Techniques include 
compression and ice with the muscle placed in a pain-free 
stretched position to help stop the bleeding and reduce 
muscle spasm. Techniques such as heat, alcohol and 
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vigorous massage, which have the potential to increase 
blood flow and/or cause a rebleed, should be avoided in 
the acute and subacute stages. Subsequent management 
focuses on restoring muscle function via progressive 
stretching and strengthening. The use of protective 
equipment in the form of force dissipating and dispersing 
padding should be considered to prevent re-injury upon 
return to activity. However, the reduction in injury risk 
gained by using protective equipment will need to be 
weighed against any associated reduction in athlete 
mobility and performance. 

Myositis ossificans 
Myositis ossificans is a form of heterotrophic ossification 
and refers to the formation of bone within a muscle. It is 
an infrequent complication of a contusion injury wherein 
bone-forming osteoblasts invade the haematoma and 
begin to lay down bone. The cause remains unknown; 
however, risk factors include severe contusions that 
limit joint range of motion (e.g. thigh contusions that 
limit knee flexion to <45°), repeat contusion injury and 
inappropriate initial management that causes a rebleed. 

Myositis ossificans should be suspected in muscle 
contusions that do not resolve in the expected time. 
Particular signs and symptoms include initial improvements 
in range and pain followed by subsequent deterioration 

(a) (b) 

and ongoing or reappearance of inflammatory symptoms 
(i.e. resting, morning and night pain). The bone grows from 
~-~~~~HW~~an=~~~~ 
may be visible on X-ray (Fig. 3.7a) or ultrasound (Fig. 3.7b) 
and a firm lump may be felt. Once active bone formation 
ceases the area of calcification gets slowly reabsorbed. As 
myositis ossificans is self-limiting, management is typically 
conservative and consists of anti-inflammatory approaches 
and non-painful stretching and strengthening. 

Acute compartment syndrome 
Muscles in the extremities are surrounded by a strong, 
thick connective tissue called fascia. The fascia serves as 
an attachment site for muscle, aids in force transmission 
and forms non-distensible compartments that facilitate 
muscle-pump mediated venous return. Injury leading to 
swelling or bleeding into one of the fascia! compartments 
(usually the flexor compartment of the forearm or 
anterior compartment of the lower leg) can result in the 
development of acute compartment syndrome. 

Acute compartment syndrome occurs when interstitial 
pressure within a compartment exceeds perfusion pressure 
leading to the onset of ischaemia and, ultimately, cellular 
anoxia and death. It is characterised by pain that is out of 
proportion to the inciting injury, pain on passive stretch 
and at rest, paraesthesia and pulselessness (although the 

Figure 3.7 Myositis ossificans (a) X-ray appearance (b) Ultrasound appearance: yellow arrow points to haematoma within 
gluteal muscle; blue arrows to calcification within gluteal muscle; green arrow to acoustic shadowing, characteristic of 
calcification. Red arrow is skin and then subcutaneous fat, and below it are layers of gluteal muscles 
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latter is a late finding as the interstitial pressure needs to be 
high enough to occlude arterial flow). Acute compartment 
syndrome represents a medical emergency that may require 
urgent fasciotomy (i.e. release of the fascia surrounding 
the muscle compartment) in order to prevent permanent, 
irreversible damage. 17 Hence, referral to an onhopaedic 
emergency specialist is recommended. 

Cramp 
Muscle cramps are sudden, painful, involuntary contractions 
characterised by repetitive firing of motor unit action 
potentials. When they occur during or immediately 
after exercise in healthy individuals with no underlying 
metabolic, neurological or endocrine pathology, they are 
referred to as 'exercise associated muscle cramps' (EAMC). 18 

EAMC are usually temporary (lasting <60 seconds), but 
are often incapacitating and tend to recur if activity at 
the same exercise intensity level is continued without an 
adequate recovery period. Thus, EAMC can significantly 
impair athletic performance. The most common sites for 
EAMC are in the calf and foot muscles, followed by the 
hamstring and quadriceps muscles. 

EAMC were historically thought to be due to 
dehydration and/or electrolyte depletion, but this 
hypothesis has not been supported by scientific evidence. 
As EAMC most commonly occur towards the end of 
or after fatiguing exercise, or following a rapid increase 
in exercise intensity, fatigue appears to be a significant 
contributing factor. The current leading theory is that 
EAMC result from abnormal neuromuscular control at the 
spinal level in response to fatiguing exercise. 18 This theory 
ascribes EAMC to increased excitatory and decreased 
inhibitory afferent inputs to motor neurons during fatigue. 
The net result is sustained motor neuron activity and the 
production of a cramp-inducing discharge. 

Immediate treatment of EAMC aims to reduce motor 
neuron activity, with the most popular and effective 
technique being passive stretching. Passive stretching 
increases the Golgi tendon organ's inhibitory activity to 
reduce muscle electromyographic activity within 10-20 

seconds and provide symptomatic relief. Ideally, passive 
tension should be maintained to the affected muscle for 
up to 20 minutes or until fasciculation ceases.19 If the 
EAMC were particularly intense or prolonged, icing while 
the muscle is on stretch may be considered to offset 
any potential delayed onset muscle soreness resulting 
from microscopic muscle fibre damage. Other potential 
methods of reducing motor neuron activity during EAMC 
include electrical stimulation of tendon afferents and 
antagonist contraction to induce reciprocal inhibition. 

The incomplete knowledge of the aetiology of EAMC 
has limited the development of preventative strategies. 

Fluid and electrolyte replacement has not been shown to be 
beneficial, consistent with the now debunked dehydration
electrolyte imbalance theory. In contrast, strategies aimed at 
modulating fatigabiliry and altering neuromuscular control 
may be beneficial. Fatigability may be modified by improving 
generalised conditioning and endurance, and ensuring and 
maintaining adequate carbohydrate reserves. Neuromuscular 
control may be targeted by performing plyometric and 
eccentric exercises, which may elicit changes in muscle 
spindle and Golgi tendon organ firing to enhance efficiency 
and sensitivity of reflexive and descending pathways 
used for neuromuscular control. Regular stretching is also 
recommended as EAMC frequently occur when the muscle 
is in its shortened position, while massage and treatment 
of myofascial trigger points may improve muscle efficiency 
and reduce fatigability. 

TENDON 
Tear/rupture 
Tendons connect muscle to bone and function to transmit 
muscle contractile forces necessary for motion. They 
consist of parallel collagen fibres that are more tightly 
packed than in ligaments, which endow tendons with the 
consummate ability to resist tensile loading. The tensile 
strength of tendon is so great that acute tear or rupture 
of a normal, healthy tendon is relatively rare, with forces 
more likely to cause an avulsion fracture or failure at the 
musculotendinous junction (i.e. muscle strain). 

Tendons that do acutely fail usually have some form 
of underlying pathology (i.e. tendinosis). The pathology 
is usually asymptomatic, such that the tendon failure 
appears to occur without warning. As the presence of 
pathology increases with age, tendon ruptures most 
frequently occur in middle-aged and older athletes. The 
two most commonly ruptured tendons are the Achilles 
and supraspinatus tendons, with ruptures involving 
either a portion (partial rupture) or the full thickness 
(complete rupture) of the respective tendon (Fig. 3.8). 
Partial ruptures are characterised by the sudden onset of 
pain, localised tenderness and a loss of tendon function 
that is inversely related to the size of the tear. In contrast, 
complete ruptures are associated with total loss of tendon 
function and acute pain, but the pain often settles quickly 
due to concomitant damage of nociceptor afferents. 

Diagnosis of tendon ruptures can be confirmed using 
imaging, with both ultrasonography and magnetic 
resonance imaging being useful at distinguishing between 
partial and complete rupture. Partial tendon ruptures may 
be managed conservatively using progressive rehabilitation; 
however, complete ruptures may be treated by surgical 
repair to restore tendon continuity and function, followed 
by rehabilitation or by rehabilitation alone. 
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Figure 3.8 Tendon rupture (a) Partial (b) Complete 

FASCIA 
Tear/rupture 
Fascia is a dense, regular connective tissue consisting of 
closely packed bundles of collagen fibres. It divides muscles 
into compartments and forms specific force-transmitting 
structures, such as the iliotibial band (1TB) and plantar 
fascia. Most injuries to fascia are associated with overuse, 
with prominent conditions being 1TB syndrome (Chapter 
37) and plantar fasciopathy (Chapter 43). Acute sprain or 
rupture of fascia is rare, but has been reported. 

BURSA 
Traumatic bursitis 
Bursae are small, synovial membrane-lined sacs that 
are filled with an inner layer of viscous fluid. They are 
frequently found between bone and overlying connective 
tissues (such as tendon, muscle and skin) where they 
function to provide cushioning and facilitate movement 
by reducing friction. Most injuries to bursae are associated 
with overuse (Chapter 4), but occasionally a direct fall 
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onto a bursa may result in acute traumatic bursitis due 
to bleeding into the bursa. The management of acute 
haemorrhagic bursitis involves the application of ice 
and compression. Aspiration may be considered if the 
condition does not resolve, but corticosteroid injection is 
rarely indicated. 

NERVE 
Neuropraxia 
Major acute nerve injuries are unusual in athletes. Specific 
nerves are susceptible to compression injury because of 
their subcutaneous location, including the ulnar nerve at 
the elbow and common peroneal nerve at the neck of 
the fibula. Similarly, some nerves are vulnerable to being 
co-injured with other tissues, such as axillary nerve injury 
during shoulder dislocation and radial nerve injury with 
humeral shaft fracture. 

The most common acute nerve injury in athletes is a 
'stinger' or 'burner'. A stinger or burner results from an 
overstretching injury to the brachia) plexus that conveys 
the nerve supply to the arm. Overstretching can occur 
when the head is forcibly bent away from the shoulder 
while the shoulder is simultaneously depressed. This can 
occur when an athlete is driven into the playing surface 
during a high-contact sport, such as ice hockey, rugby, 
wrestling and various football codes. 

Symptoms are a stinging or burning sensation that 
spreads from the shoulder to the hand, which may be 
associated with numbness in the sensory distribution of 
the involved nerves. The paraesthesia is often temporary, 
disappearing in minutes and usually within hours; 
however, injuries that are more serious can result in 
longer lasting symptoms involving the loss of both sensory 
and motor function due to blockage of nerve conduction. 
The later type of injury, known as 'neuropraxia', usually 
resolves spontaneously but slowly. 

FAT PAD 
Bruise/contusion 
Fat pads consist of closely packed adipose cells surrounded 
by fibrous septa, which commonly divide the fat pad into 
separate compartments. The function of fat pads is not 
well established and may vary according to anatomical 
location. However, they appear to have roles in cushioning 
and facilitating joint lubrication. It is in their cushioning 
role that fat pads are susceptible to acute compression 
injury. In particular, the calcaneal fat pad under the heel 
and the infrapatellar fat pad located behind the patellar 
tendon can be acutely injured. The plantar fat pad can 
be injured during landing onto the heel from a height, 
while the infrapatellar fat pad can be injured by landing 
on the knees or pinching the fat pad between the femoral 



condyles, proximal tibia and inferior pole of the patella 
during knee hyperextension. The infrapatellar fat pad is 
also often acutely injured when creating portals during 
knee arthroscopic surgery. 

Fat pads are well vascularised and innervated. The 
blood supply contributes to haematoma formation 
(contusion) in response to acute injury, but also enables 
fat pad injuries to readily heal. The rich innervation of fat 
pads means that they can be a significant source of pain, 
with the infrapatellar fat pad being reported to be the 
most pain evoking structure in the knee.20 The integrity 
and function of the calcaneal fat pad may be compromised 
if its organised compartments are disrupted; however, this 
is rare, with compression injuries sufficient to fracture the 
calcaneus not damaging the fibrous septa.21 Management 

Table 3.4 Principles of treatment of all open wounds 

of fat pad injuries, beyond acute care techniques, includes 
externally padding using heel cups or knee pads and using 
tape to limit radial expansion of the calcaneal fat pad or 
unload the infrapatellar fat pad. These injuries can take 
considerable time to heal. 

SKIN 
Acute skin mJuries are common in athletes, particularly 
those competing in contact sports and cycling. Open 
wounds may be caused by a scraping (abrasion), cutting 
(laceration) or piercing (puncture) force. Possible damage 
to underlying structures, such as tendons, muscles, blood 
vessels and nerves, should always be considered. The 
principles of treatment of all open wounds are shown in 
Table 3.4. 

1. Stop any associated bleeding Apply a pressure bandage directly to the injured part and elevate it. If the wound is 

open and clean, bring the wound edges together using adhesive strips or sutures. A 

contaminated wound should not be closed. 

2. Prevent infection 

3. Immobilisation (where needed) 

4. Check tetanus status 

REFERENCES 

Remove all dirt and contamination by simple irrigation. Extensively wash and scrub with 

antiseptic solution as required as soon as possible. If the wound is severely contaminated, 

prophylactic antibiotic therapy should be commenced (e.g . flucloxacillin, 500 mg orally four 

times a day). If anerobic organisms are suspected (e.g. wound inflicted by a bite), add an 

antibiotic such as metronidazole (400 mg orally three times a day). 

This applies when the wound is over a constantly moving part, for example, the anterior 

aspect of the knee. Certain lacerations, such as pretibial lacerations, require particular care 

and strict immobilisation to encourage healing . 

Al l contaminated wounds, especially penetrating wounds, have the potential to become 

infected with C/ostridium tetani. Tetanus immunisation consists of a course of three 

injections over 6 months given during childhood. Further tetanus toxoid boosters should 

be given at 5 to 10 year intervals. In the case of a possible contaminated wound, a booster 

should be given if none has been administered within the previous 5 years. 

References for this chapter can be found at www.mhhe.com/au/ CSM5e 
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Chapter 4 

Sports injuries: overuse 

with STUART WARDEN 

During training, I suffered a stress fracture. It was madness char I carried on and ran the 
800 metres and 1500 metres, bur because it's the Olympics, you run through the pain. 

You never know if you'll have another chance at the Olympics, so unless you can't 
actually walk you carry on, because you don't want co be asking yourself, 'What if?' 
Dame Kelly Holmes, MBE, DBE, 800 and 1500 m gold medallist, Athens 2004 Olympic Games 

Overuse injuries present three distinct challenges to the 
clinician- diagnosis, understanding of why the injury 
occurred and treatment. Diagnosis requires taking a 
comprehensive history of the onset, nature and site of 
the pain along with a thorough assessment of potential 
risk factors, for example training and technique. Careful 
examination may reveal which anatomical structure is 
affected. It is often helpful to ask patients to perform the 
manoeuvre that produces their pain. 

The skilled clinician must seek a cause for every 
overuse injury. The cause may be quite evident, such as 
a sudden doubling of training quantity, poor footwear 
or an obvious biomechanical abnormality, or it may be 
more subtle, such as running on a cambered surface, 
muscle imbalance or leg length discrepancy. The causes 
of overuse injuries are usually divided into extrinsic 
factors, such as training, surfaces, shoes, equipment and 
environmental conditions, and intrinsic factors, such as 
age, gender, malalignment, leg length discrepancy, muscle 
imbalance, muscle weakness, lack of flexibility and body 
composition. Possible factors in the development of 
overuse injuries are shown in Table 4.1. 

Treatment of overuse injuries will usually require 
addressing of the cause as well as specific additional 
elements such as activity modification, specific exercises 
to promote tissue repair, soft tissue therapy and 
pharmacologic agents where appropriate (Chapter 17). 

BONE STRESS INJURY 

Table 4 .1 Overuse injuries: predisposing factors 

Training errors 

• excessive volume 

• excessive intensity 

• rapid increase 

• sudden change in type 

• excessive fatigue 

• inadequate recovery 

• faulty technique 

Surfaces 

• hard 

• soft 

• cambered 

Shoes 

• inappropriate 

• worn out 

Equipment 

• inappropriate 

Environmental conditions 

• hot 

• cold 

• humid 

Psychological factors 

Inadequate nutrition 

Malalignment 

• pes planus 

• pes cavus 

• rearfoot varus 

• tibia vara 

• genu valgum 

• genu varum 

• patella alta 

• femoral neck anteversion 

• tibial tors ion 

Leg length discrepancy 

Muscle imbalance 

Muscle weakness 

Lack of f lexibility 

• generalised muscle 

tightness 

• focal areas of muscle 

thickening 

• restricted joint range of 

motion 

Sex, size, body composition 

Other 

• genetic factors 

• endocrine factors 

• metabolic conditions 

A bone stress injury (BSI) represents the inability of 
bone to withstand repetitive mechanical loading, which 
results in structural fatigue and localised bone pain 

and tenderness. It occurs along a pathology continuum 
beginning with a stress reaction, which can progress to 
a stress fracture and ultimately a complete bone fracture. 
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Pathophysiology 
BS!s result from an imbalance between the formation and 
removal of load-induced damage. A theoretical model 
is presented in Figure 4.1. Bones deform in response to 
loading, with the amount of deformation (expressed in 
terms of strain) depending on the magnitude of load applied 
and the ability of bone to resist deformation. While the 
safety factor between exercise-induced strains and those 
required for complete bone fracture is large, exercise
induced strains can generate microscopic damage (termed 
'microdamage'). 1 The threshold for microdamage formation 
depends on the interaction between the number of bone
loading/-strain cycles, the load/strain magnitude and the 
speed at which load/strain is introduced (strain rate). 

Microdamage serves as a stimulus for targeted 
remodelling.2 Targeted remodelling involves activation of 
remodelling units consisting of advancing front-of-bone
resorbing osteoclasts which remove the damage, followed 
by rows of bone-forming osteoblasts which deposit layers 
of new bone. Targeted remodelling maintains homeostasis 
between damage formation and its removal to preserve 
bone mechanical properties and enable a bone to adapt 

Bone loading 

over time to meet changing demands. The adaptation 
decreases bone strain for a given load,3· 4 which means 
greater loads can be tolerated before the threshold for 
microdamage formation is surpassed. 

Remodelling normally removes damage approximately 
as fast as it occurs and a reserve exists whereby additional 
remodelling units can be activated in response to increased 
microdamage formation. Thus, changes in loading are 
generally well tolerated. However, remodelling is time 
dependent and, if insufficient time is given to adapt to a 
new mechanical stimulus, progressively more damage may 
form as a result of feedforward between remodelling and 
damage formation. Feedforward results from resorption 
preceding formation in remodelling so that an increase in 
the number of active remodelling units locally reduces 
bone mass and the energy absorbing capacity of the bone, 
which potentiates further damage formation. 

Accumulating microdamage may combine to initiate 
the BSI pathology continuum, which includes stress 
reactions, stress fractures and ultimately complete fracture 
(Fig. 4.1). Stress reactions are characterised by increased 
bone turnover associated with periosteal and/or marrow 

Infl uenced by ske letal factors 
Feedback to 
positively influence 
ske letal factors 

Bone strain 

Determined by strain magnitude and 
rate, and number of loading cycles 

Feedback to 
positively influence 

ske letal factors 

Bone damage No damage 

Damage-related remodelling Strain-related remodelling 

Damage repair 

Altered skeletal properties 
(bone geometry and/or 

material properties) 

Asymptomatic 

Imbalance between damage 
and remodeling 

Accumulation of damage 

Stress reaction 

Stress fracture 

Complete bone fracture 

Pathology 
continuum 

Figure 4.1 A theoretical model of bone stress injury 
REPRINTED WITH KIND PERMISSION FROM SPRINGER SCIENCE+BUSINESS MEDIA, CURRENT OSTEOPOROSIS REPORTS 2006;4(3):103-9 
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oedema, whereas stress fractures have the addition of a 
discernible fracture line. 

Epidemiology 
As BS!s develop in response to repeuuve mechanical 
loading, it is not surprising they frequently occur in 
athletes. In athletes, BS!s cause a considerable loss 
of participation time and are a significant source of 
frustration, particularly when they occur in the lead up 
to a major event or competition. Between one- and two
thirds of runners have a history of a BSI,5• 6 while the one
year cumulative incidence of BS!s in cross-country and 
crack and field athletes ranges between 5% and 21%.7· 8 

Also of note is the high recurrence rate of BS!s, with half 
of track and field athletes reporting a history of BS!s on 
more than one occasion and 10- 13% of cross-country and 
crack and field athletes with a history of a BSI sustaining a 
subsequent BSI when followed for 1- 2 years.6· 7 

BS!s are site specific, occurring at sites exposed to 
repetitive mechanical loading. Given their association with 
mechanical loading, BS!s predominantly occur at weight
bearing sites, with the most common sites being the tibia, 
the metatarsals and the fibula. The exact location depends 
on how the skeleton is loaded, with different activities 
resulting in different loading patterns within different 

Site of stress fracture Associated sport/activity 

Coracoid process of scapula Trapshooting 

Scapula Running with hand weights 

Humerus Throwing ; racquet sports 

Olecranon Throwing; pitching 

bones. For example, long distance runners typically use 
a rearfoot strike pattern to preferentially load long bones 
(tibia, fibula, femur), whereas sprinters use a forefoot strike 
pattern to introduce relatively greater loads to the bones 
of the feet. As a result of the differential bone loading, 
distance runners are at a greater risk of developing long 
BS!s, whereas sprinters are more prone to BS!s of the 
tarsals and metatarsals? 

Although BS!s predominantly occur at weight-bearing 
sites, they also occur in response to repetitive loading at non 
weight-bearing sites.9 For instance, rowers repetitively load 
their rib cage during the drive phase of the rowing stroke 
and, consequently, are at heightened risk of generating BS!s 
in their ribs (see Chapter 9). 10 Similarly, throwing athletes 
are at risk of developing humeral diaphysis BS!s as they 
repetitively expose their humerus to significant loads during 
the throwing motion.4• 11 As BS!s can occur at both weight
bearing and non weight-bearing sites, they can occur in 
virtually any bone (Fig. 4.2). Thus, they need to be considered 
in the differential diagnosis of all presenting injuries. 

Risk factors 
BS!s can be viewed as occurring when the mechanical 
stimulus at a specific bone site repetitively exceeds 
the threshold for microdamage formation. As the bone 

Ulna Racquet sports (esp. tennis); gymnastics; 
volleyball; swimming ; softball; wheelchair 
sports 

Ribs-1st Th rowing; pitching 

Ribs-2nd-10th Rowing; kayaking 

Pars intera rticularis Gymnastics; ballet; cricket fast bowling; 
volleyball; springboard diving 

Pubic ramus· Distance running; ballet 

Femur-neck Distance running; jumping; ballet 

Femur-shaft Distance running 

Patella Running; hurdling 

Tibia-plateau Running 

Tibia- shaft Running; ballet 

Fibula Running; aerobics; race-walking; ballet 

Medial malleolus' Running; basketball 

Calcaneus Long-distance military marching 

Talus Pole vaulting 

Navicular Sprinting; middle-distance running; 
hurdling; long jump; triple jump; football 

Metatarsal- general Running; ballet; marching 

Ballet ---- Tennis; ballet 

Running; ballet; basketball; skating 

Figure 4.2 Stress fracture site and common associated activity 
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mechanical stimulus is dependent on the interaction 
between the applied load and the ability of the bone to 
resist deformation, risk factors for BS!s can be grouped 
into two categories: 
1. factors modifying the load being applied to a bone 
2. factors modifying the ability of a bone to resist load 

without damage accumulation (Fig. 4.3). 

Factors modifying the load applied to a bone 
The load applied to a bone during athletic activities 
represents the summation of external and internal 
forces, and has magnitude, rate, frequency, duration and 
direction components. These components influence bone 
strain magnitude, rate, frequency, duration and location, 
respectively. Factors modifying the load applied to a bone 
include biomechanical. training and muscle factors, playing 
surface and shoes and inserts (orthoses and insoles). 

Biomechanical factors 
Faulty biomechanics can contribute to BSI risk, and can 
be dichotomised into those related to abnormal forces 
and abnormal motions. Increased forces on a normally 
aligned skeleton can result in abnormal bone loading, 
with athletes exhibiting high ground reaction force (GRF) 

Acute 
load 

training 

magnitudes and rates, and high accelerations during the 
early stance phase of running gait being proposed to be at 
heightened BSI risk. Alternatively, normal forces applied 
to a malaligned skeleton can also abnormally load bone. 
Altered movement patterns have the potential to alter the 
magnitude and/or rate of bone loading, and also alter the 
direction a bone is loaded and the subsequent distribution 
of strain within the bone. 

The net result may be increased loading of a less 
accustomed bone site. Statically assessed biomechanical 
variables that have been implicated in BSI development 
include external rotation range of motion of the hip, 13 

leg length discrepancy, 14 and both pes planus15 and 
cavus. 16 Dynamically assessed variables implicated in 
BSI development include greater peak hip adduction, 
knee internal rotation and peak rearfoot eversion in the 
frontal plane during running 17- 19 and less knee flexion in 
the sagittal plane.20 Having the combination of abnormal 
forces coupled with a malaligned lower limb is thought to 
further amplify BSI risk. 

Training factors 
Chronic introduction of high absolute load magnitudes, rates 
and accelerations may reduce bone fatigue life, particularly 

Gait 
mechanics 

Nutrition 

Muscle 
capacity 

Bone 
Loading 

Genetics 

Training 
surfaces 

Footwear 
& 

equipment 

( 

Impact 
Attenuation 

Normal 
remodelling 

Figure 4.3 Risk factors for bone stress injuries12 
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when the number of loading cycles is high (i.e. running long 
distances). However, the influence of these variables may 
be most prominent when an athlete attempts to progress 
their training. Increases in running speed increase GRFs and 
their rates ofintroduction,21 while increases in the duration 
and/or frequency of training sessions increase the total 
number of bone-loading cycles. In the absence of a change 
in the load-bearing capacity of a bone, altered loading 
associated with large changes in training may contribute 
to microdamage accumulation and the generation of a BSL 

Evidence from military studies confirms that individuals 
exposed to large changes in physical activity have a 
heightened BSI risk. For instance, recruits with a lesser history 
of regular physical activity prior to the commencement of 
standardised basic training (i.e. those with larger changes in 
physical activity levels) are at a greater risk of developing 
a BSI.22-24 While most athletes do not introduce changes 
in their bone-loading environment to the same extremes as 
many military recruits, change is a frequent and required 
means of inducing adaptation. Incrementing training too 
rapidly or frequently relative to an athlete's usual activities 
is thought to be central to disrupting the balance between 
bone microdamage formation and removal. 

Muscle factors 
Training changes may independently contribute to 
BSI development, but the relative risk associated with 
the change may be compounded by muscle factors. An 
intimate mechanical relationship exists between muscle 
and bone and the general hypothesis is that muscle is 
generally protective of BSis, particularly those occurring 
in the lower extremity. During impact loading, muscle 
acts as an active shock attenuator helping to reduce loads 
as they are transmitted proximally. 

When muscles are dysfunctional (weakened, fatigued 
or altered in their activation patterns) their ability 
to attenuate loads becomes compromised leading to 
increased loading of the skeleton. For instance, fatigue 
results in a decrease in shock attenuation,25• 26 increase 
in GRF loading rates and peak accelerations,27• 28 and 
increase in bone strain magnitude and rate.29• 30 In 
addition, fatigue can lead to altered kinematics, which 
may alter the direction a bone is loaded resulting in 
increased bone strain at less accustomed bone sites.31 

Further support for a protective role of muscle in stress 
fracture development comes from prospective clinical 
studies which demonstrated that BSI susceptibility was 
directly related to muscle size14• 32• 33 and strength.34 

Playing surface 
Playing surface has historically been considered a 
contributor to BSI risk, with participation on harder 
surfaces such as asphalt hypothesised to increase loading 

compared to participating on softer surfaces such as grass, 
rubber and sand. However, the interaction between 
playing surface and injury risk is complex. Athletes alter 
their leg stiffness when running on surfaces of differing 
compliance apparently to maintain a constant vertical 
excursion of their centre of mass.35 Leg stiffness decreases 
when running on stiffer surfaces to normalise to some 
extent GRF magnitude; however, GRF loading rates do 
appear to be systematically increased when running on 
surfaces that are less compliant.36 

Ultimately, what may be important with regards to BSI 
risk is whether there has been a recent change in running 
surface that an athlete has yet to become accustomed to. 
Changes may include increased participation on: 

1. less compliant surfaces, which may increase bone strain 
magnitudes and rate37 

2. very compliant surfaces (such as sand), which may 
increase energy expenditure and influence muscle
related risk factors and kinematics38• 39 

3. downhill slopes, which may decrease shock attenuation 40 

and increase loading magnitudes and rates41 

4. altered terrain, which may alter kinematics to load less 
accustomed skeletal sites.42 

Shoes and inserts 
The role of shoes and inserts (orthoses and insoles) on 
bone loading and BSI risk is a topic of ongoing debate. 
Located at the foot-ground interface, shoes and inserts 
act as filters that theoretically attenuate ground impact 
forces. In addition, they have the potential to influence 
motion of the foot and ankle and the subsequent 
mechanics proximally in the kinetic chain. Via these 
two mechanisms, shoes and inserts may influence bone 
loading and have an effect on BSI risk. 

Factors influencing the ability of the bone to 
resist load without damage accumulation 
The amount and rate of strain engendered when a load 
is applied to a bone is dependent upon the ability of the 
bone to resist deformation in the direction of loading. For 
a given applied load, less rigid bones experience greater 
strain and at a faster rate than more rigid bones and, thus, 
are more susceptible to microdamage and BSI formation. 
Skeletal features that influence bone rigidity include the 
amount of bone material present (mass) and its distribution 
(structure). There is strong evidence that both contribute 
to BSI risk14• 23• 33• 43• 44 and therefore it is important to 
consider modifiable factors that may contribute to these 
skeletal characteristics. Three modifiable factors in athletes 
that may impact the ability of bone to resist loading and 
contribute to BSI risk are physical activity history, energy 
availability, and calcium and vitamin D status. 
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Physical activity history 
A longer history of physical acnv1ty appears to be 
protective against the development of a ssI.22-24, 45• 46 

An improved ability of the skeleton to resist loading 
likely contributes to the reduced BSI risk in individuals 
with a prior history of physical activity. The skeleton 
responds and adapts to mechanical loading in a site
specific manner to increase its rigidity in the direction 
of loading. It principally does this during the growing 
years by preferentially depositing small amounts of new 
bone on the outer periosteal surface at a distance from 
the bending axes. As the rigidity of a unit area of bone 
is proportional to the fourth power of its distance from 
a bending axis, the addition of a small amount of mass to 
the outer surface of a bone results in a disproportionate 
increase in bone strength. The net result is a decrease in 
the bone strain engendered in response to a given load 
and increase in bone fatigue life.3 

Energy availability 
Gender factors contribute to BSI susceptibility, with 
females being at greater risk.4 7 The cause for the higher 
incidence of BS!s in females appears to relate to the 
interrelationships between energy availability, menstrual 
function and bone mass- otherwise known as the female 
athlete triad. While athletes can have one or more 
components of the triad, low energy availability appears 
to be the central factor.48 Low energy availability results 
from insufficient dietary intake to meet exercise energy 
expenditure. It can result from low dietary energy intake 
(whether inadvertent, intentional or psychopathological) 
and/or excessive exercise energy expenditure. The 
menstrual and skeletal changes associated with low 
energy availability reduce the ability of bone to resist load 
and/or impair its ability to repair microdamage. The net 
result is heightened BSI risk, particularly in elite female 
long distance runners where the difference between 
dietary energy intake and exercise energy expenditure is 
often small and the incidence of menstrual dysfunction 
is elevated. 

Calcium and vitamin D status 
Calcium combines with phosphate to form hydroxyapatite 
crystals to endow bone with rigidity, while vitamin D 
contributes by promoting calcium absorption in the 
gut and reabsorption in the kidneys. Prospective studies 
provide evidence for roles of both low calcium and 
vitamin D in BS!s,49• 50 and a large randomised controlled 
trial demonstrated a 20% reduction in BSI incidence in 
female Navy recruits with suboptimal baseline daily 
calcium intake when they were supplemented with daily 
calcium and vitamin D.51 Overall, the data suggest that 
athletes should ensure sufficient calcium and vitamin D 
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intakes to meet or exceed the current recommended 
dietary allowances of 1000- 1300 mg and 600 JU (for 
individuals aged 14-50 years), respectively.52 

Diagnosis 
BS!s often present with a history consistent with an 
overuse injury- the gradual onset of activity-related pain. 
As BS!s occur along a pathology continuum, signs and 
symptoms may vary depending upon what point along the 
continuum the athlete presents. An astute clinician may 
be able to diagnose the pathology at the stress reaction 
stage. However, some patients may not present until 
the pathology has progressed to a stress fracture where 
there is actual cortical disruption. The earlier within the 
continuum an athlete presents and a diagnosis is made, 
the more likely the pathology may respond quickly and 
favourably to management. Thus, bone as the tissue of 
origin of an athlete's symptoms needs to be considered 
at all times during differential diagnosis to ensure prompt 
diagnosis and management. 

The diagnostic features of a stress fracture are shown 
in Table 4.2. 

History 
A thorough history is the first step to the diagnosis of a BSI. 
In most instances, individuals with a BSI have a consistent 
and predictable history that centres on pain. At the start 
of the pathology continuum, pain is usually described as 
a mild diffuse ache that occurs after a specific amount of 
activity and at specific times (depending on which bone is 
afflicted and when loaded during activity). The pain does 
not tend to resolve or 'warm-up' as activity is continued 
and only abates once activity (i.e. bone loading) is ceased. 

As the initial pain often subsides soon after activity 
completion and is not present during rest it is often 
ignored at first. However, with continued training and 
progression of the pathology the pain may become more 
severe and localised and occur at an earlier stage. It may 
also persist for longer periods following the completion 
of activity and begin to be present during activities that 
involve lower levels of bone loading, such as walking. 
Eventually, the pain can result in activity restriction or the 

Table 4.2 Diagnostic features of a stress fracture 

• Localised pain and tenderness over the fracture site. 

• A history of a recent change in training or taking up a new 

activity. 

• X-ray appearance often normal or there may be a 

periosteal reaction (Fig . 4.4). 

• Abnormal appearance on MRI (Fig. 4 .5), radioisotopic bone 

scan (scintigraphy) (Fig . 4.7) or CT scan (Fig . 4 .8). 



need to cease training altogether. At this more advanced 
stage, any associated inflammatory response to the injury 
may also occasionally contribute to resting and night pain. 

Examination 
On physical examination, the most obvious feature of a BSI 
is localised bony tenderness. Certain bones (such as the tibia, 
fibula and metatarsals) lend themselves well to palpation 
because of their well-defined anatomical boundaries 
and the absence of overlying muscle. In these relatively 
subcutaneous bones, precise and thorough palpation is 
required as tenderness may be localised with adjacent 
areas being completely pain-free. Occasionally redness, 
swelling and warmth from an associated inflammatory 
reaction may also be felt, along with periosteal thickening 
and callus formation in longer-standing BS!s. 

Direct palpation is obviously not possible at deeper 
sites (such as the femur and pars interarticularis of the 
spine), with symptoms at these sites possibly being 
provoked by specific bone-loading tests, such as hopping,53 

the fulcrum test for the femoral shaft,54 or the one
legged hyperextension test for the pars interarticularis.55 

However, the sensitivity and specificity of these bone
loading tests have either not been investigated or 
disputed.56 Likewise, the application of a vibrating tuning 
fork or therapeutic ultrasound for the clinical diagnosis of 
BS!s is not supponed.57 

Imaging 
Imaging plays a significant role in the diagnosis. Imaging 
options include plain radiography, bone scan, computed 
tomography (CT), magnetic resonance imaging (MRI) and, 
more recently, ultrasound. 

Plain radiographs have poor sensitivity and may not 
detect stress injury until the injury has developed along 
the bone stress continuum.58• 59 Although some old 
textbooks suggested that stress fractures become visible 
on plain radiographs after 2-6 weeks, prospective studies 
prove that some stress fractures remain invisible on plain 
radiography. Radiographic changes, when present, include 
subtle focal periosteal bone formation (Fig. 4.4), or, later, 
frank conical defects. 

In countries where physicians have ready access to MRI, 
this is generally the first line investigation of bone stress 
injuries. MRI is sensitive in detecting pathophysiological 
changes in soft tissue, bone and marrow associated with 
bone related stress injuries. It can reveal abnormalities in 
these structures before plain radiographic changes and has 
comparable sensitivity to a bone scan.58 Other advantages 
of MRI for bone imaging are its multiplanar capability 
(which helps the clinician precisely define the location and 
extent of injury), lack of exposure to ionising radiation and 
significantly less imaging time than a three-phase bone scan. 

Figure 4.4 X-ray showing periosteal new bone formation 

indicative of a stress fracture 

The typical MRI appearance of a stress fracture shows 
periosteal and marrow oedema plus or minus the actual 
fracture line (Fig. 4.5). Several fat-suppression techniques 
such as short tau inversion recovery are used to maximise 
the sensitivity of MRI in bone stress injuries.60 

Various grading systems for stress fractures based 
on MRI appearances have been suggested.61 The most 
commonly used systems 62-64 are shown in Table 4.3. 

Attempts have been made to use the MRI appearance 
to predict return to play (RTP). In a prospective study 
involving 34 fractures among 211 college athletes, MRI 
grading severity, lower bone mineral density (BMD) and the 
fracture site (trabecular > conical bone) were important 
variables associated with time to return to spon.64 The 
mean time to full return to sport for grade 4 BS!s (31. 7 + /-
3. 7 weeks) was significantly higher compared with grade 
3 (18.8 +/- 2.9 weeks), grade 2 (13.S +/- 2.1 weeks) and 
grade 1 injuries (11.4 +/- 4.5 weeks). Among grade 3 and 4 
injuries, the mean time to return to sport was significantly 
longer for those at sites high in trabecular versus conical 
bone (38.1 +/- 6.4 vs 18.8 +/- 2.1 weeks, respectively).64 
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It should be recognised that the above values are based 
on the average time taken to return to sport. However, 
as illustrated in Figure 4.6, this fails to reflect the wide 
variation among individuals- particularly those with 
higher MRI-grade injuries or injuries located in high-risk 
sites (covered in the section 'Classification of bone stress 
injuries').65 Care should therefore be taken in making 
definitive return-to-sport predictions based on imaging 
alone, except perhaps in the case of mild stress reactions 
in low-risk sites. 
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Figure 4.5 MRI of a stress fracture showing bony 

oedema (white) 

Figure 4.6 Return-to-sport times for BSls grouped according 

to a combination of their location (low risk/high risk) and MRI 

grade (low: grades 1 and 2; high: grades 3 and 4)66 

Table 4.3 MRI grading scales for BSls 

Mild to moderate periosteal oedema Positive signal change on STIR 

on T2 

Normal marrow on T2 and T1 

Moderate to severe periosteal 

oedema on T2 

Marrow oedema on T2 but not T1 

Moderate to severe periosteal 

oedema on T2 

Marrow oedema on T2 and T1 

Moderate to severe periosteal 

oedema on T2 

Marrow oedema on T2 and T1 

Fracture line present 

STIR: short T1 inversion recovery 

Positive STIR plus positive T2 

Positive STIR plus positive T2 and T1 

Fracture line present on T2 or T1 

Mild marrow or periosteal oedema 

on T2 

T1 normal* 

Moderate marrow or periosteal oedema 

plus positive T2 

T1 normal 

Severe marrow or periosteal oedema 

on T2 and T1 

Severe marrow or periosteal oedema 

on T2 and T1 

Fracture line present on 

T2 or T1 

' Radiograph results are often negative at all grades; they may be normal, or a periosteal reaction may be evident 
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Beck and colleagues in their study included grading 
systems for radiography, isotope bone scan, CT scan, as 
well as MRI and found that only the MRI grading system 
had any relationship to clinical severity.67 

A radioisotopic bone scan was the most important 
diagnostic test for athletic stress fractures in the l 990s.60 

The technical aspects of this modality are outlined in 
Chapter 15. The appearance of a BSI on a bone scan is a 
focal area of increased uptake (Fig. 4.7). 

Note that bone scans lack specificity for stress fractures
bony abnormalities such as tumours, especially osteoid 
osteoma and osteomyelitis, have similar appearances. It 
may also be difficult to precisely localise the site of the 
area of increased uptake. Increased uptake can occur 
in non-painful sites, indicating subclinical accelerated 
remodelling. As with plain film, CT and MR imaging, 
imaging appearance returns to normal after clinical 
resolution because of ongoing bony remodelling.60 

CT is less sensitive than a bone scan or MRI in the early 
detection of a BSI.58• 59 However, it is more sensitive than 
both radiographs and MRI for the detection of cortical 
fracture lines. CT is thus well suited to demonstrate 
stress fractures of the sacrum, pars interarticularis, tarsal 
navicular and longitudinal stress fractures of the tibia.58 

A CT scan will clearly image the fracture (Fig. 4.8) 
and differentiate between a stress fracture (positive bone 
scan, clear fracture line) and a stress reaction (positive 
bone scan and negative CT scan). CT can also distinguish 
a BSI and other causes of hot bone scans such as osteoid 
osteoma and osteomyelitis. 

Figure 4.7 Radioisotopic bone scan of a stress fracture 
COURTESY OF ZS KISS 

Figure 4.8 CT scan of a stress fracture showing a cortical 

defect (arrowed) 

Ultrasound has some potential in the diagnosis of stress 
fractures but it is not ready for routine clinical use.59 

Ultimately, athletes who display clinical signs and 
symptoms of a possible BSI require imaging to confirm 
suspicions and make a definitive diagnosis. Briefly, in most 
clinical settings, plain radiographs remain the first line 
of imaging for BS!s because of their low cost and wide 
availability; however, radiographs are limited by their 
planar nature and low spatial resolution, which contribute 
to extremely low sensitivity. CT also lacks sensitivity, but 
may be utilised in specific cases where demonstration 
of a fracture line may affect treatment. In contrast, bone 
scintigraphy has high sensitivity, but is limited by low 
specificity and the use of extremely high ionising radiation 
doses. Of the imaging modalities currently available, MRI 
is the modality of choice because of its superior contrast 
resolution, lack of exposure to ionising radiation, and its 
combined high sensitivity and specificity. 

The different imaging appearances of the various stages 
of the BSI continuum are shown in Table 4.4. 

Classification of bone stress injuries 
BS!s can be dichotomised into either low or high-risk 
groups according to their location (Table 4.5).68 Low
risk BS!s predominantly occur on the compression side 
of a bone's bending axis, and have a favourable natural 
history in that recovery occurs with a low incidence 
of complications and without the need for aggressive 
intervention (such as surgery and/or prolonged modified 
weight-bearing). In contrast, high-risk BS!s often occur 
on the tension side of a bone's bending axis, and present 
treatment challenges demanding specific attention 
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Table 4.4 Imaging findings with different phases of the BSI continuum 

Local pain 

Local tenderness 

X-ray appearance 

Radioisotopic bone scan 

appearance 

CT scan appearance 

MRI appearance 

Nil 

Nil 

Normal 

Increased uptake 

Normal 

May show increased 

high signal 

Usually 

Usually, if superficial 

Normal 

Increased uptake 

Normal 

Increased high signal 

Always 

Usually, if superficial 

May be abnormal (periosteal 

reaction or cortical defect 

in cortical bone, sclerosis in 

trabecular bone) 

Increased uptake 

Features of stress fracture (as 

for X-ray) 

Increased high signal ± cortical 

defect 

Table 4 .5 Low-risk and high-risk BSls because they are prone to delayed or non-union and/ or 
are at high risk for progression to complete fracture. 

Posteromedial tibia Femoral neck 
Management 
This section focuses on general management principles for 
a low-risk BSI, such as one occurring at the posteromedial 
border of the tibia. The management of specific high-risk 
BS!s is summarised in Table 4.6 and detailed management 
is included in chapters covering different regions of the 
body. 

Fibula/lateral malleolus Anterior cortex of the tibia 

Femoral shaft Medial malleolus 

Pelvis Talus (lateral process) 

Calcaneus Navicular 

Diaphysis of second to fourth Proximal diaphysis of the fifth 
Low-risk BS!s represent relatively straightforward 

management problems in the sense that they readily heal 
without complication. A two-phase approach consisting 
of modified activity followed by a gradual resumption 
of activity forms the cornerstone of management. While 
the overarching goal is to return the athlete to his or her 

metatarsals metatarsal 

Base of second metatarsal 

Great-toe sesamoids 

Table 4.6 Stress fractures that require specific treatment other than rest 

Femoral neck 

Anterior tibial cortex 

Medial malleolus 

Talus (lateral process) 

Navicular 

Metatarsal-2nd base 

Metatarsal-5 th base 

Sesamoid bone of the foot 
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Non-displaced: initial bed rest for 1 week, then gradual weight-bearing 

Displaced: surgical fixation 

Non weight-bearing on crutches for 6-8 weeks or intramedullary screw fixation 

Non weight-bearing cast immobilisation for 6 weeks or surgical fixation 

Non weight-bearing cast immobilisation for 6 weeks or surgical excision of fragment 

Non weight-bearing cast immobilisation for 6-8 weeks or surgery 

Non weight-bearing for 2 weeks; partial weight-bearing for 2 weeks 

Cast immobilisation or percutaneous screw fixation 

Non weight-bearing for 4 weeks 



pre-injury level of function in the shortest time possible 
without compromising tissue level healing, it is generally 
acknowledged that there is more to the successful 
management of athletes with a BSL The high recurrence 
rate of BSis indicates that a central goal for clinicians when 
managing low-risk BSis should be to identify and modify 
potential risk factors for future BSis. Using the concept 
that BSis occur when the load being applied exceeds a 
bone's ability to resist the load without microdamage 
accumulation, runners with a BSI require strategies to 
either reduce the load being introduced or increase the 
load-bearing capacity of their skeleton. 

Phase 1. Initial management 
Activity modification 
There is no question that temporary discontinuation of usual 
activity and the introduction of a variable period of modified 
activity is required in the initial management of low-risk 
BSis in order to permit tissue-level healing and prevent 
pathology progression. However, the duration and extent 
of activity modification is highly variable and is decided 
upon on an individual basis using pain as the principal 
guiding variable. The presence of pain either during or 
after an activity indicates that the pathological site is being 
excessively loaded for the current stage of healing and that 
loading needs to be titrated. 

In the initial stages of BSI management, the goal is for 
the athlete to be pain-free during and after usual activities 
of daily living (ADLs). Cushioned shoes and/or insoles 
may provide assistance with dissipating impact forces 
during ADLs in athletes with a rearfoot or leg BSI,67• 68 

whereas athletes with a BSI within the mid or forefoot 
may consider wearing a stiff soled shoe to reduce bending 
forces and symptoms.69 

Walking should be minimised to that essential to perform 
ADLs and must use a normal gait pattern. If a normal gait 
pattern cannot be used or symptoms are produced either 
during or after walking, partial weight-bearing via the use 
of assistive gait devices should be considered. Alternatively, 
a pneumatic leg brace may be introduced to promote pain
free gait in the case of BSis of the fibula or posteromedial 
border of the tibia.70 If a pain-free normal gait pattern 
cannot be achieved, a short period in a walking boot or of 
non weight-bearing may be considered. However, in each 
scenario progression to unassisted pain-free gait should be 
sought as soon as possible. 

Athletes need to be pain-free not only during, but 
also after activities. The presence of resting and/or night 
pain is a sign that the underlying pathology may have 
an inflammatory component. While resting pain does 
not typically require specific intervention as it is usually 
short term and abates with activity modification, some 

athletes may consider non-steroidal anti-inflammatory 
drugs (NSAIDs) or other analgesics. The use of these 
agents should be discouraged beyond a few days because 
of their ability to mask pain and subsequently influence 
activity progression and their potential to impede tissue
level healing when taken for prolonged periods.71 

Identification and initial management of potential 
risk factors 
The initial period following BSI diagnosis is a useful time 
to evaluate and begin addressing potential contributing 
factors as it is often the time when an athlete gives 
most attention. A detailed activity history is important. 
Consider not only usual and recent changes in activity 
frequency, duration and intensity, but also unusual or 
new participation in physical activities beyond running. 
BSI risk reflects the sum of all bone loading and loading 
from non-running activities may be enough to push an 
athlete beyond their injury threshold. Note should also be 
taken of any recent changes in running surfaces, shoes/ 
inserts or technique. By combining knowledge of recent 
running progressions with knowledge of lifelong physical 
activity history, it may be possible to provide a runner 
returning from a BSI with advice with regards to future 
running program design. For instance, novice runners 
with a minimal physical activity history may need to 
progress their training program at a slower rate so as to 
not overload the skeleton and disrupt the homeostasis 
between microdamage formation and removal. 

History taking in an injured athlete should also assess 
factors influencing the ability of their skeleton to resist 
loading. It is essential to obtain a history of the patient's 
general health, medications and personal habits to ensure 
that there are no factors that may influence bone health. A 
past history of BSis (and other bone injuries) and current 
body mass index of less than 1 9 are strong risk factors for 
BSis that require assessment and thorough exploration.6• 8 

A full dietary history should be taken with particular 
attention paid towards the possible presence of deficits 
in energy intake and/or eating disorders, and calcium 
and vitamin D intake. A maternal family history of 
osteoporosis or low bone mineral density should be 
explored and a detailed menstrual history should be taken 
in female runners including their age of menarche and 
subsequent menstrual status. Identification of any issues 
of concern warrants appropriate referral when indicated, 
remembering that consultation for a BSI may be the first 
time that an athlete's issues associated with their relative 
energy deficiency are identified. 

In addition to history taking, initial assessment and 
management of potential factors influencing bone loading 
can be explored. To guide the interventions and formulate 
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an initial biomechanical impression of the athlete, it is 
imponant to gather as much circumstantial evidence as 
possible. Such evidence may come from recent videos of 
the athlete running, assessment of their shoe wear pattern, 
their history of overuse injuries and whether there is a 
unilateral predominance, static posture and alignment, 
and hip, knee and foot mechanics during non-painful 
activities such as walking or single-leg squats. 

Depending on the individual athlete and the 
preliminary examination findings, initial biomechanical 
interventions can be introduced to maintain what the 
athlete already has or address suspected deficits. Activities 
can include muscle strength, endurance and control 
training and interventions for muscle length and joint 
mobility. Key areas to consider include control, endurance 
and strength at the hip, knee and ankle, core stability, 
and strength of the intrinsic and extrinsic muscles of the 
foot. The activities may need to be modified in order to 
be pain-free, and are often performed in non or partial 
weight-bearing. 

Maintenance of physical conditioning 
Maintaining conditioning during recovery is important for 
as seamless a return to activity as the athlete's pathology 
permits. Conditioning activities should be introduced 
early and can include cycling, swimming, deep-water 
running and anti-gravity treadmill training. The latter two 
methods may be most specific in running athletes as they 
more closely reproduce the neuromuscular recruitment 
patterns involved in running. Anti-gravity treadmill 
training is not introduced until a runner is pain-free 
during both walking and ADLs. In the interim, deep-water 
running can be introduced as long as the athlete is pain
free both during and after sessions. 

Accelerating tissue healing 
It would be beneficial to provide an athlete with a means 
of accelerating healing of their BSL While there are no 
proven methods of accelerating BSI healing, a number of 
candidate methods have been proposed. Low intensity 
(<1.0 W/cm2} pulsed ultrasound (LIPUS) therapy currently 
has the greatest support given its observed beneficial 
effects on complete bone fractures.72 LIPUS has been 
effective in stimulating union in 98% and 94% of BSls 
displaying delayed and non-union, respectively.73 However, 
the benefits of LIPUS on uncomplicated BSis currently 
remain unclear. Extracorporeal shock wave therapy and 
electromagnetic and capacitive coupled electric fields 
have also been considered as modalities for promoting 
BSI repair, but studies of their effects have principally 
been limited to recalcitrant BSis. At this stage, the use of 
electrotherapeutic agents to accelerate BSI healing cannot 
be recommended. 
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A number of pharmaceutical agents may facilitate 
BSI healing but currently none are accepted as standard 
treatment. They include bisphosphonates74 and the 
anabolic therapies parathyroid hormone and anti
sclerostin antibody therapy. Parathyroid hormone, when 
administered intermittently, promotes osteoblastogenesis 
and osteoblast survival. Anti-sclerostin antibody therapy 
inhibits osteocyte-secretion of sclerostin to facilitate 
Wm signalling and subsequently promote osteoblast 
proliferation and function. Both agents stimulate bone 
formation and accelerate fracture healing in preclinical 
models. Whether the same fracture healing benefits carry 
over to humans and to BSis currently remains unknown.75 

Phase 2. Return to running 
Beginning and progressing initial running 
A graduated running program can be used in low-risk 
BSis to introduce controlled loading and facilitate a 
return to activity in a timely, yet safe manner. While 
loading is central to the development of low-risk BSis, 
recovery is best met by a balance between rest from 
aggravating activities and performance of appropriate 
loading. Appropriate loading can be defined as loading 
that does not provoke BSI symptoms either during or after 
completion of an activity. Once an athlete with a low-risk 
BSI becomes pain-free during unassisted walking, they can 
start reintroducing running-related loads. While there is 
no established protocol for returning to running during 
recovery from a low-risk BSI, a prescriptive program to 
facilitate the return of a recreational athlete to 30 minutes 
of running is provided in Table 4.7. The program consists 
of a pre-entry stage and three running stages. 

Once the athlete is completely pain-free for five 
consecutive days during usual activities, they leave the pre
entry stage (stage 0) and commence deliberate progressive 
loading. Stage 1 introduces loading in 30-minute sessions 
separated by rest days. Sessions in this stage consist of 
increasing durations of jogging (defined as running at 50% of 
normal pace) and decreasing durations of walking. The pace 
of running is progressed in stage 2 until the athlete can run 
for 30 minutes at their usual pace, with stage 3 consisting 
of running on two consecutive days followed by a rest day. 
The last stage incorporates individualised running until 
there is complete return to desired running activities. 

Progress through each stage of the graduated running 
program is determined by BSI provocation. If an athlete 
is able to complete a session with no BSI symptoms 
and they do not experience latent symptoms, they can 
progress to the next level during the ensuing session. 
However, if BSI symptoms are experienced during or after 
a session, the athlete must stop the session and at the 
next session return to the last level they were able to 
successfully complete. 



Table 4.7 Graduated running program to return a runner 
to 30 minutes of pain-free running12 

Pain during walking in normal ADLs 

Stage 1 Initial loading and jogging (50% normal pace) 

with increasing duration 

Level A Walk 30 minutes 

B Rest 

C Walk 9 minutes and jog 1 minute (x3) 

D Rest 

E Walk 8 minutes and jog 2 minutes (x3) 

F Rest 

G Walk 7 minutes and jog 3 minutes (x3) 

H Rest 

Walk 6 minutes and jog 4 minutes (x3) 

J Rest 

K Walk 4 minutes and jog 6 minutes (x3) 

L Rest 

M Walk 2 minutes and jog 8 minutes (x3) 

N Rest 

Stage 2 Running with increasing intensity 

Level A Jog 30 minutes 

B Rest 

C Run 30 minutes at 60% normal pace 

D Rest 

E Run 30 minutes at 60% normal pace 

F Rest 

G Run 30 minutes at 70% normal pace 

H Rest 

Run 30 minutes at 80% normal pace 

J Rest 

K Run 30 minutes at 90% normal pace 

L Rest 

M Run 30 minutes at full pace 

N Rest 

Stage 3 Running on consecutive days 

Level A Run 30 minutes at full pace 

B Run 30 minutes at full pace 

C Rest 

D Run 30 minutes at full pace 

E Run 30 minutes at full pace 

F Rest 

G Run 30 minutes at full pace 

Using a graduated loading program that is strictly 
guided by pain, the athlete and clinician can facilitate 
recovery while being relatively confident that there 
is no pathology progression. This requires the full 
understanding of the athlete regarding the appropriate 
progression through the program and adherence to the 
set pain levels. Patients with lower grade BS!s may be able 
to progress more quickly through a graduated loading 
program and the total duration of their program may be 
reduced from that outlined. Program duration should be 
based on the expected time course for recovery and, thus, 
all patients should perform individualised programs. 

Anti-gravity treadmill training 
When available, an anti-gravity treadmill may initially be 
used in the place of overground running as anti-gravity 
treadmill training may allow an athlete to run at higher 
intensities earlier during recovery, but with lower bone 
loading. Thereby, anti-gravity treadmill training can be 
used to maintain fitness while protecting the BSI site. 
Ami-gravity treadmills consist of a treadmill with an air
filled pressure-controlled chamber that surrounds the 
lower half of the body from the waist down. Pressure in 
the chamber is modulated to unweight the runner in 1 % 

increments so that they are running with between 100% 

and 20% body weight. 
Runners with a low-risk BSI can start anti-gravity 

treadmill training once they are pain-free during walking 
and ADLs for at least a week. A typical starting point is 
to jog every other day three times for five minutes with 
between 50% and 70% body weight and one-minute 
recovery between repetitions. This is performed for 
an initial week to acclimatise to anti-gravity treadmill 
training while symptoms are monitored for provocation. 
How to progress from this initial stage is currently 
somewhat of an an rather than a science; however, a 
proposed progression is, over the next 2 weeks, to increase 
the duration of each run to a total of 20-30 minutes, 
the body weight percentage by 5- 10% and the running 
speed.76 The progression continues thereafter as long as 
there are no BSI symptoms until the athlete is running 
at their usual speed and duration with 90% body weight. 
Once this is achieved, ground running is introduced and 
relatively quickly progressed over a couple of weeks to 
normal durations and intensities. 

Running gait retraining 
Despite a slow, progressive return to a running program, 
the persistence of faulty mechanics may hinder the 
healing process or contribute to elevated risk for a repeat 
injury. Therefore, it is important to identify and address 
any underlying mechanics when treating a runner with 
a BSI. Using the hypothesis that bone loading is directly 
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related to GRF and acceleration parameters, interventions 
that reduce GRFs and shock during running gait may 
represent a means of decreasing BSI risk. By reducing the 
magnitude and rate of bone loading, the number of loading 
cycles until microdamage accumulation and fatigue failure 
may be increased. A number of gait retraining techniques 
are currently being investigated to reduce bone loading 
during running, including: 

• the use of accelerometer-based biofeedback to encourage 
reductions in loading magnitude and rate77· 78 

• increasing stride rate to reduce stride length and, 
subsequently, vertical excursion and velocity of the 
centre of mass, and GRFs and tibia! accelerations79-8 1 

• modifying initial contact to encourage a more forefoot, 
rather than heel or rearfoot, strike pattern.82• 83 

These gait retraining techniques should not be taken 
lightly. Athletes have typically been running with 
their particular gait pattern for many years and the 
ability of an athlete's musculoskeletal system to adapt 
to the nuances of their particular gait should not be 
underestimated. However, a history of repeat BS!s and 
the accumulating loss of running time is a sign that gait 
retraining should be considered. In doing so, it must 
be remembered that, when inducing a change in gait, 
there is always the potential of altering injury risk at an 
alternative site. Thus, transitioning to a new running gait 
should be performed slowly and may be benefited by a 
preconditioning program. 

Running program design 
Incrementing a training program too rapidly or frequently 
relative to an athlete's usual activities can contribute 
to the generation of a BSI by upsetting the balance 
between bone microdamage formation and its removal. 
Unfortunately, there is no accepted algorithm for how 
much an individual can modify their training program 
before excessively heightening their BSI risk. The historical 
rule of thumb has been to change a training program 
by no more than 10% per week to reduce injury risk. 
However, this 'rule' is not generalisable on an individual 
basis, with different runners being able to tolerate more or 
less change before development of an injury.84 

In order to provide an athlete returning from a BSI 
with appropriate advice regarding the design and 
advancement of their running program, it is important 
that they recall as much as they can of their pre-injury 
training regime. This should include information on 
changes in any feature that may have altered the load 
being introduced to the skeleton, including training 
intensity, duration, frequency, type, surface, technique, 
shoes and so on. In addition, recovering athletes should be 
encouraged to maintain a training diary containing these 
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data, to not only track their training progress, but also to 
provide reliable data regarding their training program for 
future reference. 

In addition to the obvious limiting of the magnitude 
and number of training variables changed at any one 
given time, the use of cyclic training methods should be 
encouraged. Cyclic training may involve the introduction 
of rest periods into a training program, or the replacement 
of overground training sessions with lower bone-loading 
activities such as deep-water running or anti-gravity 
treadmill training. This may involve a monthly regime 
of 3 weeks of training and 1 week of rest or low-load 
activities. 

Healing of bone stress injuries 
Healing is assessed clinically by the absence of local 
tenderness and functionally by the ability to perform 
the precipitating activity without pain. It is not useful to 
attempt to monitor healing with X-ray or radioisotopic 
bone scan.85 CT scan appearances of healing stress 
fractures can be deceptive as in some cases the fracture 
is still visible well after clinical healing has occurred.86 

Figure 4.9 shows the relationship between imaging 
appearance and the various stages of bone stress. 

Osteitis and periostitis 
Osteitis (impaction trauma or primary inflammation of 
bone) and periostitis (abnormal histological appearance of 
periosteal collagen) are also considered overuse injuries. 
The condition known as osteitis pubis occurs in the 
pubic bones of the pelvis and is characterised by deep
seated pain and tenderness of the symphysis pubis with 
generalised increased uptake on the radioisotopic bone 
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scan. The exact pathogenesis of this injury remains in 
debate (Chapter 32). 

Periostitis occurs commonly, mainly at the medial 
border of the tibia, a condition often known as 'shin 
splints'. In this condition, tenderness along the medial 
border of the tibia at the interface between the muscles 
and their bony attachments corresponds with an area of 
increased uptake on the bone scan. 

The treatment of periostitis consists of local 
symptomatic therapy as well as unloading the muscle 
contraction on the periosteum. In the shin, strain may be 
reduced by altering the biomechanics through controlling 
excessive pronation. Soft tissue therapy and stretching 
may also be effective. 

Apophysitis 
Bony injury may occur at the attachment of the strong, 
large tendons to the growth areas. This condition is 
called 'apophysitis' and the most common examples are 
Osgood-Schlatter disease at the attachment of the patellar 
tendon to the tibial tuberosity and Severs disease at the 
attachment of the Achilles tendon to the calcaneus. A full 
description of apophysitis is given in Chapter 44. 

ARTICULAR CARTILAGE 
Overuse injury can affect the anicular canilage lining 
of joints, panicularly in osteoarthritis. Changes range 
from microscopic inflammatory changes to softening, 
fibrillation, fissuring and, ultimately, to gross visible 
changes. In younger people, this pathology can arise at 
the patella (patellofemoral syndrome}, but it is important 
to note that the pain of patellofemoral syndrome can 
occur in the presence of normal joint surfaces. This very 
common condition is discussed in Chapter 36. 

JOINT 
Inflammatory changes in JOmts associated with overuse 
are classified as synovitis or capsulitis. Examples of these 
problems are the sinus tarsi syndrome of the subtalar joint 
and synovitis of the hip joint. 

Impingement syndromes occur when a bony 
abnormality, either congenital or acquired, causes two 
bony surfaces to impinge on each other (e.g. femoro
acetabular impingement at hip, posterior impingement at 
ankle) or impinge on a structure passing between them 
(e.g. supraspinatus tendon in shoulder) causing damage to 
that structure. Treatment requires either removal of the 
structural abnormality or modification of biomechanics to 
relieve the impingement. 

LIGAMENT 
Overuse injuries of ligaments are uncommon, but may 
occur as a result of excessive load. 

Injury to the medial ulnar collateral ligament of 
the elbow in baseball pitchers is the most common 
ligamentous overuse injury.87 

MUSCLE 
Muscle may respond to overuse in a number of ways, 
including myofascial pain, chronic compartment 
syndromes and exercise-induced muscle soreness. 

Myofascial pain: trigger points or just sore 
spots of unknown origin? 
The clinical phenomenon of localised palpatory muscle 
pain is one that is well known to spons medicine 
practitioners. The concept of myofascial pain caused by 
trigger points is a popular explanatory model with several 
putative pathophysiological mechanisms having been 
proposed to explain these findings. 

The trigger point model 
The myofascial trigger point theory was pioneered 
by Travell and Simons over 30 years ago.88 The theory 
postulated by Travell and Simons has, until recent times, 
had widespread acceptance. Trigger points are classified 
as either active or latent, with only active trigger points 
being symptomatic. Active trigger points are thought to 
be tender to palpation, generate a local twitch response 
on stimulation and create a predictable pattern of referred 
pain on compression. 

The term myofascial pain syndrome is commonly used 
to describe the clinical signs thought to represent active 
trigger points. As per Travell's original description, this is 
characterised by: 

1. localised areas of deep muscle tenderness or 
hyperirritability, referred to as 'trigger points'-palpable 
taut bands within the muscle associated with muscle 
inhibition, intolerance to stretch, as well as autonomic 
symptoms such as vasoconstriction or dilation 

2. a predictable, discrete reference zone of deep aching 
pain which is worsened by palpation of the trigger 
point. This may be located in the immediate region of 
or remote from, the trigger point. 

Dommerholt expanded on Travell's theory, postulating 
a role for excessive release of acetylcholine from 
dysfunctional neuromuscular endplates, causing taut 
bands and subsequent muscle ischaemia. This muscle 
ischaemia was thought to precipitate an energy crisis 
in the muscle, causing the release of pro-inflammatory 
molecules, thereby activating nociceptive neurons.89 

Newer theories currently subject to research include 
the principle of neurogenic inflammation leading to 
sensitisation of innervated muscle,90 secondary allodynia 
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secondary to irritation of deeper structures such as 
ligament or bone (central sensitisation),91 descending 
inhibitory pain modulation,92 and diffuse noxious 
inhibitory control.93 

Despite the abundance of hypothesised theories 
regarding the pathophysiology of myofascial trigger 
points, their existence is not widely accepted in the 
medical literature. Furthermore, much of the research 
to date is limited by significant methodological flaws.90 

Consequently, despite many years of research endeavour, 
the diagnosis, treatment and pathophysiological 
mechanisms underlying localised palpatory muscle pain 
remains an area of vigorous debate.90• 94 Despite this, the 
lack of definitive anatomical or biochemical evidence 
has not prevented the concept of trigger points from 
achieving popularity among sports and musculoskeletal 
medicine clinicians. 

While many alternative hypotheses of myofascial 
trigger points have been proposed since Travell's 
original description, none have been widely accepted. 
Consequently, there are no generally accepted diagnostic 
criteria for myofascial trigger points.95 Meakins articulated 
a key component of this controversy by coining the term 
'sore spots of unknown origin'.92 This reflects the unreli
ability of identifying taut bands in skeletal muscle96-99 

while acknowledging the acceptable reliability of 
localising muscle tenderness based on patient feedback, 
presumably through the removal of the subjective 
phenomenon of palpatory pareidolia. 100 

A diagnosis of trigger points causing pain must only be 
made following the appropriate exclusion of alternative 
diagnoses. Failure to respond to appropriate treatment 
should necessitate a review of the diagnosis. 

Pain from trigger points 
The onset of pain from trigger points may follow either an 
acute or subacute pattern. Some patients may be able to 
recall the onset of pain, often noting a precipitating event, 
while others will report a gradual onset of pain over 
time. Where a precipitating event is recalled, the initial 
amplitude of pain is often only minor, with a subsequent 
progressive increase over time. 

In contrast, the onset of pain due to acute mechanical 
tissue trauma, as with a ruptured ankle ligament, 
displays a very rapid onset to near maximal severity 
(though exceptions such as meniscal tears do exist). Sub
acute onset trigger point pain may be more difficult to 
identify on history, as patients often present following 
many months of pain. In this situation, identification of 
aetiological or exacerbating factors, such as inappropriate 
loads or sustained postures, is useful. 

Fluctuations in pain, over the course of a day or longer 
periods, are typical of trigger points and suggestive that 
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acute tissue trauma is not involved. Fluctuations usually 
follow particular events, such as lying on a particular side 
in bed or computer-based work. This is quite distinct from 
the diurnal variation as seen in inflammatory conditions. 
While the pain of trigger points has a different temporal 
pattern to that of tissue trauma, it is important to note 
that trigger points are often secondary to and therefore 
frequently coexist with acute tissue trauma. 

The spatial distribution of pain also differs between 
that of trigger points and localised tissue trauma. Travell 
describes predictable referred pain patterns attributed to 
myofascial trigger points,97 derived from the injection of 
hypertonic saline into muscle. As referred pain tends to 
be poorly localised, patients often indicate the location of 
referred pain with a wave of the hand. Direct stimulation 
of tissue nociceptors in contrast, as may occur with a 
ligament rupture, typically results in more precisely 
located pain, able to be indicated with a pointed finger. 

Clinical features 
Recent years have seen attempts to utilise medical 
imaging techniques in the detection of myofascial 
trigger points. Unique features of localised elliptical 
hypoechogenicity corresponding to palpable findings have 
been demonstrated with sonoelastography,98- 100 while 
magnetic resonance elastography has demonstrated the 
ability to identify increased tissue stiffness in muscle. 101• 102 

A lack of control groups in this research, however, limits 
the ability to draw firm conclusions regarding the role of 
myofascial trigger points in these findings. 

While Travell describes palpable taut bands in 
muscle as a diagnostic feature of trigger points,97 several 
controlled studies have found this finding to be unreliable 
and therefore not recommended. 103- 106 

In contrast, the identification of localised muscle 
tenderness based on patient feedback has shown 
acceptable inter-examiner reliability,96 presumably by 
removing the subjective phenomenon of palpatory 
pareidolia. Thus, on the basis of existing research, the 
clinical identification of trigger points should be based 
primarily on localisation of maximally tender points 
within muscle. Consideration also may be given to the 
reproduction of any referred pain patterns. 

Treatment 
Evidence for the effectiveness of trigger point treatments 
is inconclusive. 107 Despite widespread anecdotal reports 
of effectiveness, systematic reviews and blinded 
randomised placebo-controlled studies show no clinical 
worthwhile effect of these treatments over sham, standard 
care or exercise therapy. 108- 110 The apparent contradiction 
between the anecdotal experience of many clinicians and 
research findings may be explained by the phenomenon 



of the localised twitch response, an involuntary localised 
transient contraction within the muscle being treated. 
Many experienced practitioners elicit multiple twitch 
responses when treating a muscle. In contrast, much of 
the research conducted on trigger point therapy has not 
placed any emphasis on the localised twitch response, 
failing to account for its presence or absence in findings 
of efficacy. 

A variety of methods of treating trigger points have been 
described in the literature, with the most effective method 
unclear. These include spray and stretch, digital ischaemic 
pressuring, dry needling, wet needling, proprioceptive 
neuromuscular facilitation and muscular 'stripping'. 
Published research on these methods is frequently sparse, 
confounded by methodological limitations or both. 

The most rigorously researched of the above methods 
are dry needling, wet needling and digital ischaemic 
pressure. Wet needling is generally considered to be at 
least equal to alternative methods. In many jurisdictions, 
however, injection therapy is limited to appropriately 
qualified medical practitioners. The application of dry 
needling has been shown to be a reasonable alternative. 
Subsequent digital ischaemic pressure applied immediately 
following needling therapy may further improve efficacy. 

Dry needling and other techniques used in the 
treatment of trigger points are discussed in Chapter 17. 

Chronic compartment syndrome 
Chronic compartment syndrome (CCS) refers to the 
intermittent and reversible pathologic elevation of 
compartment pressures following exertion.111 The 
condition usually affects the lower leg but may also occur 
in the forearm in the sports of tennis, rock climbing and 
weightlifting.112 

The muscles of the lower leg are divided into a 
number of compartments by fascial sheaths, which are 
relatively inelastic thickenings of collagenous tissue. 
Exercise raises the intracompartmental pressure and 
may cause local muscle swelling and accumulation of 
fluid in the interstitial spaces. The tight fascia prevents 
expansion. This impairs the blood supply and causes pain 
with exertion. Compression of neurological structures 
may also contribute to the clinical presentation. Muscle 
hypertrophy may also precipitate CCS. 

The main symptom of CCS is pain that commences 
during activity and ceases with rest. This differs from 
other overuse injuries such as tendinopathies, where pain 
may be present with initial exercise, then diminish as the 
affected area warms up, only to return following cessation 
of activity. The role of imaging in the diagnosis of CCS is 
unclear. 113 

The gold standard for diagnosis of CCS has always been 
measurement of compartment pressures at rest and during 

pain-provoking exercise. Compartment pressure testing is 
described in Chapter 15. In recent years, various authors 
have expressed reservations regarding the reliability and 
validity of these tests. 114- 116 

Surgical treatment-fasciotomy (release of the fascia) 
or fasciectomy (removal of the fascia)-has always been 
the mainstay of treatment of compartment syndromes. 
Results of surgery are often disappointing with a high 
incidence of recurrence of exercise-related leg pain. The 
role of surgery is now being questioned. 117 

A biomechanical basis of the exercise-related leg pain 
has been suggested by Franklyn-Miller, 118 and changes 
in running gait has shown promising initial results in the 
management of these patients. 119 

Exercise-induced muscle soreness 
Exercise-induced muscle soreness is a common complaint 
during or immediately following vigorous unaccustomed 
exercise. Muscle soreness that develops 24-48 hours after 
unaccustomed high-intensity activity is known as delayed 
onset muscle soreness (DOMS). DOMS appears to be 
more severe after activities that involve eccentric muscle 
contractions; that is, when muscle contracts whilst 
simultaneously lengthening. Activities that involve both 
high muscle forces and eccentric muscle contractions, 
such as skiing and downhill running, are a common cause 
of DOMS in untrained individuals. 

The exact cause of acute exercise-induced muscle 
soreness and DOMS is unclear. Although debate in the 
literature about the mechanism of muscle soreness is 
ongoing, the general consensus is that the soreness is 
caused by microtrauma of muscle cells and connective 
tissue. Microtrauma is followed by a local inflammatory 
process within the extracellular space which sensitises 
nerve endings via mechanical, chemical or thermal 
stimulation.120-122 

Signs and symptoms 
Exercise-induced muscle soreness is often accompanied by 
muscle stiffness, ache and mild cramping. Symptoms can 
persist for several hours post exercise before resolving. 121 

DOMS is characterised by tenderness on palpation and a 
sense of stiffness with physical activity. Soreness can peak 
around 48 hours after exercise. Resolution of symptoms 
can take up to 10 days. 120 Soreness can vary from mild 
discomfort to incapacitating pain; this is largely dependent 
on the intensity and volume of training, as well as the 
actual inducing event. 

Importantly, DOMS can be associated with muscle 
strength deficits, which may affect physical performance. 
Strength deficits associated with DOMS are typically 
greatest between 24 and 48 hours after activity. 123• 124 

A reduction in muscle power and reduced joint range 
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of motion may also affect an athlete's performance. Local 
muscle swelling and intracellular proteins in the blood 
are also common signs. 120• 123- 125 Exercise-induced muscle 
soreness and DOMS are often associated with elevated 
levels of creatine kinase in the blood. However, given 
the self-limiting nature of acme muscle soreness and 
DOMS, blood tests are rarely warranted and the clinical 
interpretation of such tests is unclear. 125 

Management 
Management strategies in the treatment of DOMS focus 
on encouraging healing and recovery of the inflamed 
and damaged muscle tissue. Intense exercise during the 
symptomatic period can potentially cause more micro
trauma and muscle injury, particularly as strength, 
power and coordination of movement are compromised. 
Therefore, during the symptomatic period, training 
and competition performance should be modified 
accordingly. 

Common modalities used to treat exercise-induced 
muscle soreness and DOMS include massage, cryotherapy, 
stretching and active recovery. The management of DOMS 
is described in Chapter 13. 

Prevention of exercise-induced muscle 
soreness and delayed onset muscle soreness 
Prevention of exercise-induced muscle soreness should be 
centred on a properly planned training program, which 
adequately addresses strength, power, endurance and 
quality of movement. Adequate periods of training and 
conditioning are needed before individuals participate in 
strenuous activity to ensure the exercise-induced muscle 
soreness is minimised and more serious injuries are 
prevented. DOMS occurs less in those who train regularly, 
although even trained individuals may become sore after 
an unaccustomed exercise bout. There is little evidence 
to support the use of static stretching to prevent acme 
muscle soreness and DOMS. 121 Variable results have 
been shown with preventative approaches such as the 
use of vitamins C and E and protein supplements. 126 

Understanding an athlete's current training volume 
including exercise intensity, duration, rate of progression 
and recovery will provide a context for understanding 
and preventing future episodes of muscle soreness. 

TENDON 
Tendon overuse injury (tendinopathy) 

with JILL COOK, CRAIG PURDAM 

Tendon overuse injuries provide a major proportion of 
the sports clinician's workload. The clinical presentation 
is straightforward in many cases- the patient presents 
with tendon pain during or after activity (Table 4.8) 
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and loading tests demonstrate increased pain with 
increased load. 

In the 1980s, the underlying pathology was often 
referred to as 'tendinitis'-this was associated with a belief 
that cellular inflammation contributed to the pathological 
process. Histopathological studies in the 1990s indicated 
that inflammatory cells were absent in patients who 
underwent surgery for tendon pain. Recently, low 
levels of inflammatory cells and markers have been 
demonstrated, but it is unlikely that inflammation is a 
key driver of tendon pathology and a resident cell-driven 
process remains the best-supported pathoaetiology. 

The pathological findings at surgery are consistent with 
'tendinosis'. The boxed item illustrates tendon pathology
'tendinosis' - at the anatomical level (Fig. 4.10) and at two 
microscopic levels (Figs. 4.11 and 4.12). The pathology is 
also summarised in Table 4.9. 

A contemporary model of a continuum 
of tendon pathology 
Tendon authorities Jill Cook and Craig Purdam have 
proposed that tendon pathology should be considered 
as a continuum. 127 They contend that the dichotomy of 
'normal' and 'degenerative tendinosis' is too simplistic. 
Importantly, their three-pan classification has implications 
for treatment, and so it is summarised here and illustrated 
(Fig. 4.13). 

Stage 1. Reactive tendinopathy 
This refers to the non-inflammatory response of 
tendon cells and matrix proteins to an acute tensile or 
compressive overload. Tendon cells become activated 
and may proliferate in this stage- they become more 
prominent- consistent with the appearance of cells that 

Table 4.8 Clinical presentation of patients with overuse 

tendon pain (tendinosis) 

• Pain after exercise or, more frequently, the fo llowing 

morning upon rising . 

• It can be pain-free at rest and initially becomes more 

painful with use. 

• Ath letes can ' run through' the pain or the pain disappears 

when they warm up, only to return after exercise when they 

cool down. 

• Ath letes are able to continue to train fully in the early 

stages of the cond ition; this may interfere with the healing 

process. 

• Examination reveal s local tenderness and/or thickening. 

• Frank swelling and crepitus may be present, although 

crepitus is more usually a sign of associated tenosynovitis 

(it is not 'i nflammatory fluid'). 



Tendinosis: what is it? 

This box illustrates the pathology found at end-stage tendinopathy-when symptoms have been present for at least 3 months. 

The illustration (Fig. 4.10) is based on pathological specimens (Figs 4.11 and 4.12) obtained at surgery for chronic sports-related 

tendon pain. 

Increased cellularity 
(myofibroblasts) 

Figure 4.10 The contrasting features of normal tendon 

(left side) and tendinosis (right side). Characteristic 

features at this macroscopic level are the collagen fibres 

of different sizes in disarray, abnormal cell numbers 

(decreased and increased), abnormally prominent blood 

vessels and an increase in matrix proteins 

(a) (b) 

Figure 4.11 Under polarised light microscopy: (a) normal tendon has tightly bundled parallel collagen fibrils with a 

characteristic golden reflectivity; {b} a specimen from a patient with chronic patellar tendinopathy showing collagen 

fibril separation and frank discontinuity within some fibrils 

continued 
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(a) 

(c) 

Figure 4.12 Under light microscopy (haematoxylin and 

eosin [H&E] stain, hence pink) 

(a) normal tendon 

(b) collagen fibre disarray comparable with Figure 4 .11 (b) 

but under greater magnification and with this different 

colour stain; note the loss of parallel bundles of collagen 

and absent cell nuclei 

(c) other areas have increased prominence of cell nuclei 

(b) and excessive abnormal vascularity 

Table 4.9 Five elements of normal tendon compared with the characteristic elements of end-stage tendon 

overuse injury 

Cells-tenocytes 

Ground substance or 

'matrix' proteins 

Collagen 

Nerves 

Vessels 

Tendon cells are spindle-shaped and nuclei cluster Tissue has proliferation of cells with abnormally 

in longitudinal chains on microscopy rounded nuclei (Fig. 4.12c) and areas with fewer 

than normal cell numbers (Fig. 4.12b) 

The ground substance in the matrix is minimal and Increased amount of ground substance/matrix 

is not visible when stained for light microscopic proteins which stain and are visible under light 

viewing 

Linear and tightly bundled and has a characteristic 

crimp under polarised light 

Minimal intratendinous nerves, some innervation of 

connective tissue in and around the tendon 

Minimal vascularity when examined histologically or 

by using ultrasound 

microscopy 

Disrupted-both longitudinally and in its bundles 

(Fig. 4.12b) 

Abnormal ingrowth of nerves (mostly sympathetic) 

and a preponderance of neuropeptides 

Prominent vessels histologically or using ultrasound 

(Fig . 4.12c) 

are producing repair proteins, especially proteoglycans. 
This results in a short-term thickening of a portion of 
the tendon that reduces stress. This differs from the 
normal tendon adaptation to tensile load that generally 
occurs through tendon stiffening with little change 
in thickness. This is seen clinically in the acutely 
overloaded tendon and is more common in the younger 

person. It also arises when there is trauma to a tendon, 
such as a direct blow. 

At this stage, both ultrasound and MRI show mild 
fusiform swelling- greater tendon diameter with little 
disruption of the collagen fascicles. The change in imaging 
appearance is mainly derived from the increase in bound 
water within the matrix proteins (proteoglycans). 
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Figure 4.13 The Cook-Purdam model to help clinicians 

understand the relationship between loading/unloading and 

the several stages of tendon pathology 
REDRAWN FOR CLINICAL SPORTS MEDICINE. REPRODUCED WITH 
PERMISSION FROM BRITISH JOURNAL OF SPORTS MEDICINE'27 

Stage 2. Tendon dysrepair 
This describes a worsening tendon pathology with greater 
matrix breakdown. Tendon cells are more prominent and 
take on a rounded appearance (chondrocytic). Protein 
production increases- both matrix proteoglycans and 
collagen. As a result of these changes, collagen separates 
and the matrix becomes somewhat disorganised. The 
disruption of the matrix may allow for some ingrowth of 
vessels and nerves. 

This is seen clinically in overloaded tendons in the 
young, but it may appear across a spectrum of ages and 
loading environments. The transition from the previous 
stage may be difficult to detect clinically, but imaging 

will reveal more focal changes of hypoechogenicity on 
ultrasound. There may be a mild increase in vascularity 
on colour or Doppler ultrasound. MRI reveals a swollen 
tendon with increased signal. 

Stage 3. Degenerative tendinopathy 
This is the stage that is present in patients who undergo 
surgery for chronic tendon pain- it is the 'end stage' of 
tendon overuse injury. The matrix and cell changes 
described in stages 1 and 2 may progress so that areas of 
apoptosis (absent cell nuclei due to cell death) are evident. 
Large areas of matrix are disordered and filled with cells, 
vessels, matrix breakdown products and disordered 
type I, II and III collagen. The structure of the tendon is 
heterogeneous- degenerative pathology is interspersed 
between other stages of pathology and normal tendon. 

This pathology exists in the older person, or the 
younger person or elite athlete with long-term tendon 
overload. Typically, it is seen in a middle-aged, recreational 
athlete with focal tendon swelling and pain (e.g. mid
Achilles region). The tendon may have focal nodular areas 
with or without general thickening. This is the type of 
tendon that may rupture if the degenerative pathology is 
extensive. 

In this stage, compromised matrix and vascular changes 
are obvious on ultrasound scans as hypoechogenic regions 
with few reflections from collagen fascicles. Larger vessels 
are usually prominent on Doppler ultrasound. MRI 
shows increased tendon size and intratendinous signal. 
The changes are more focal than spread throughout the 
tendon. 

Reactive on degenerative tendon 
Degenerative tendinopathy exists in a tendon that has 
normal tissue. When these tendons are overloaded, the 
degenerative part of the tendon is unlikely to take load 
because of a lack of matrix structure, so the load is borne 
by the normal part of the tendon. Overload can induce 
a reactive change in this normal tendon, resulting in a 
reactive on degenerative tendon. 

Other terms associated with overuse tendon 
injuries 
Although the most-used clinical label for tendon overuse 
injuries is 'tendinopathy' as above and is used in specific 
chapters of this book (i.e. Achilles tendinopathy), the 
terms 'paratenonitis', 'partial tear' and 'tendinitis' need 
definition. 

Paratenonitis 
This term includes peritendinitis, 
(single layer of areolar tissue covering 
and tenovaginitis (double-layered tendon 

tenosynovitis 
the tendon) 
sheath). This 
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occurs in situations where the tendon rubs over a bony 
prominence and/or where repeated movement directly 
irritates the paratenon. Uncommonly, it can coexist with 
partial tears and tendinosis. 

Partial tears 
The term 'partial tear of a tendon' should be reserved for 
a macroscopically evident subcutaneous partial tear of a 
tendon, an uncommon acute, not overuse, injury, at least 
in the Achilles and patellar tendon (see Chapter 3). The 
distinction on imaging between tendon degeneration and 
partial tear is difficult because there are no definite signs 
that allow a clear distinction and diagnosis is reliant on 
radiologist expertise. 

Principles of rehabilitating lower limb 
tendinopathy 
Before starting 
Ensure that the diagnosis is correct and the pain is from 
the tendon. Tendon pain will respond best to the loading 
program described. 

ENERGY STORAGE 

Decide the start and end of the program 
Start at the functional level and capacity of the 
person. This can be determined from a comprehensive 
examination of function and its relationship to pain. The 
program should end at the functional level required for 
the person to return to their desired activity level. This 
can be determined from their history; both the sport that 
the person has been involved in as well as the sport or 
activity and level they want to return to. The sport and 
the level will determine how much endurance is required 
for the tendon, associated muscle and kinetic chain. 

A schematic of tendon rehabilitation, improving 
tendon capacity with progressive loads, is shown in 
Figure 4.14. 128 

Stages of rehabilitation 
Stage 1. Isometric exercise 
Isometrics are a great way to relieve tendon pain, hence 
a good spot to start as most clinical presentations are for 
tendon pain. Isometric exercises result in pain relief in 

ENERGY STORAGE 
&RELEASE 

Figure 4.14 Schematic of tendon rehabilitation, improving tendon capacity with progressive loads. Introduction and 

progression of endurance and compressive loads are critical within each stage. The start and end points of rehabilitation will 

vary between individuals 
WITH PERMISSION FROM BRITISH JOURNAL OF SPORTS MEDICINE'28 
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7- 10 days in a reactive on degenerative tendon, but can 
take up to 6-8 weeks in a purely reactive tendon. 

Isometrics have been shown to immediately relieve 
patellar tendon pain more than isotonic exercise and the 
pain relief was sustained for 45 minutes. 129 Rio et al. also 
showed in this study that isometric exercise normalised 
cortical inhibition that was excessive in patellar 
tendinopathy, whereas isotonic exercise had no effect on 
cortical inhibition.129 

Clinically, isometrics are therefore used to manage pain 
in the reactive or reactive on degenerative phase of tendon 
pathology. The research protocol in young, jumping 
men was four repetitions of 45 second holds at 70% of 
maximal voluntary contraction and this level of loading is 
appropriate for the painful athletic tendon. 129 This level of 
loading may be too much for the older person with clinical 
tendinopathy, and varying both the load and time held is 
necessary. Using body weight loads for longer holds is a 
simple place to start and adding weights often requires 
equipment. As isometrics may need to be done more than 
once a day, doing them at home is the best option. Hiring 
gym equipment such as a seated calf raise for a few months 
can help adherence to regular isometric exercise. 

Stage 2. Isotonic exercise 
Once the pain has settled and/or is stable at a low level, 
isotonic exercises can be started. These are slow and heavy 
concentric/ eccentric exercises directed at improving 
strength in the muscle tendon unit. These are best 
performed with a slightly longer eccentric component (e.g. 
three-second concentric, four-second eccentric) for brain 
plasticity. These should be performed for every muscle in 
the kinetic chain that has a functional deficit- most likely 
the anti-gravity muscles such as the calf (gastrocnemius 
and soleus), quadriceps and gluteal muscles. Hamstrings are 
clearly addressed as a priority in hamstring tendinopathy. 

Isotonic exercises should be continued until there is 
good strength in the affected musculotendinous unit and 
the agonists in kinetic chain function. This can take up to 
12 weeks in a profoundly unloaded limb. An endurance 
set is added if the person requires higher levels of 
endurance for their activity. Endurance can also be added 
with weight-bearing exercise, such as stair climbing for 
either Achilles or patellar tendinopathy. 

PRACTICE PEARL 

Performing a bout of isometrics before isotonic 

exercises increases maximum voluntary contraction , 

most likely due to cortical pain inhibition.129 

Stage 3. Energy storage exercise 
Once the muscles are stronger, the tendon can be loaded 
with energy storage exercises. To store energy in a tendon 
you need to do faster eccentric exercises, initially with a 
slower release (concentric phase), but building to stage 4 
with quick energy storage and faster release. As these 
exercises place high loads on the tendon they are best 
completed only 2-3 times a week. These faster exercises 
need to be controlled in terms of numbers and/ or time, 
started at a low level and gradually increased. 

PRACTICE PEARL 

It is essential to continue isotonic exercises at least 

two days a week throughout the entire rehabilitation 
program, as well as after the athlete has returned to 

full training and competition . Continued isometric 

loading before isotonic exercises may also be 

helpful throughout the whole program. 

Stage 4. Sport-specific energy storage and 
release exercise 
Once the tendon can tolerate high-energy storage 
loads, then functional activity-specific exercises can be 
introduced in a clinical setting. These will replace stage 3 
exercises and can only be completed 2-3 times a week. 
Once the tendon is tolerant to training numbers of high
level functional activities then the person can return to 
a controlled training environment and from there to a 
graduated return to competition. 

Enthesopathy 
Enthesopathies occur at the bone-tendon junction, such 
as the Achilles tendon insertion onto the calcaneus. 
Enthesopathies are similar to tendinopathies in that they 
are primarily degenerative in nature. Treatment principles 
are the same. 

BURSA 
The body contains many bursae situated usually between 
bony surfaces and overlying tendons. Their role is to 
facilitate movement of the tendon over the bony surface. 
All bursae are susceptible to injury. Typically, injuries 
to bursae are overuse injuries resulting from excessive 
shearing and/ or compressive forces.130 , 13 1 

Overuse injuries in bursae are quite common, 
particularly at the subacromial bursa, 132 the greater 
trochanteric bursa, 133 the bursa deep to the iliotibial band 
at the knee, 13 1· 133 and the retrocalcaneal bursa separating 
the Achilles tendon from the calcaneus. 134 Overuse 
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pathologies affecting bursae commonly couple with other 
local pathologies such as tendinopathies and impingement 
syndromes. 135• 136 Symptoms include localised pain and 
swelling and typically increase with activity. Conservative 
approaches to treatment are often trialled first. 

Treatment involves removal of irritating loads, 
reduction of inflammation and a progressive return to 
pain-free activity. Specific treatments including ice, 
electrical stimulation, iontophoresis and gentle stretching. 
Once initial inflammation subsides, a stretching and 
strengthening program for the surrounding tissues and 
muscles can commence. NSAIDs are widely prescribed 
for these conditions and conicosteroid injections, often 
guided by ultrasound, are considered where conservative 
approaches have failed. 

NERVE 
Nerve entrapment syndromes occur in athletes as a result 
of swelling in the surrounding soft tissues or anatomical 
abnormalities. These may affect the suprascapular nerve, 
the posterior interosseous, ulnar and median nerves in the 
forearm, the obturator nerve in the groin, the posterior 
tibial nerve at the tarsal tunnel on the medial aspect of 
the ankle and, most commonly, the interdigital nerves, 
especially between the third and founh toes, a condition 
known as Morton's neuroma. This condition is not a true 
neuroma but rather a nerve compression. These nerve 
entrapments occasionally require surgical decompression. 

Chronic mild irritation of a nerve may result in damage 
manifested by an increase in neural mechanosensitivity. 
These may be the primary cause of the patient's symptoms 
or may contribute to symptoms. This concept is discussed 
more fully in Chapters 5 and 6. 

SKIN 
The skin's integrity is constantly challenged by athletic 
activity, weather conditions and pathogenic organisms. 

Blisters 
The skin of many athletes is subjected to friction-related 
forces and compounded by perspiration.137• 138 Exposure 
to shearing and compressive forces can lead to mechanical 
separation of the epidermal cell layers. Hydrostatic 
pressure causes further separation and allows plasma-like 
fluid or sweat into the space to form a blister.137 The 
repair process starts 24 hours post incident and blisters 
generally heal in approximately five days. 137 Blisters may 
occur at any site of friction with an external source, such 
as shoes or sporting equipment. 

Blisters are common in marathon runners, rowers, race 
walkers, triathletes, hikers and in military populations. 
Foot blisters are painful and can have an impact on 
sporting performance. Sock type, race, previous hiking 
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or military experience and certain orthopaedic foot 
conditions predict the development of foot blisters in the 
military population. 138 

Foot blisters can be prevented by wearing-in new 
shoes, wearing socks and smearing petroleum jelly over 
the sock at sites of friction. Strategies to prevent blisters 
also serve to prevent callus. Symptomatic callus can 
be pared down with a scalpel blade, taking care not to 
lacerate the normal skin. 

At the first sign of a blister, the aggravating source 
should be removed and either adhesive tape applied over 
the blistered area or blister pads should be applied. Blister 
pads prevent blisters by acting as a barrier between skin 
and shoe. 

Treatment of blisters involves prevention of infection 
by the use of antiseptics and protection with sticking 
plaster. Fluid-filled blisters may be punctured and drained. 

Skin infections 
Almost any cutaneous infection can afflict athletes. 
However, their activities place these individuals at higher 
risk to develop and subsequently transmit their skin 
ailment to competitors. Athletes acquire infections as a 
result of their interaction with other athletes and with the 
environment in which they compete. An athlete's skin is 
often macerated from sweating which promotes common 
infections in spons including bacterial, fungal and viral 
infections, but parasites can also afflict the athlete. 139 

Dermatitis 
An athlete's skin suffers repeated exposure to trauma, 
heat, moisture and numerous allergens and chemicals. 
These factors combine with other unique and less well
defined genetically predisposing factors in the athlete's 
skin to cause both allergic contact dermatitis (ACD) and 
irritant contact dermatitis (ICD). As with other cases of 
contact dermatitis, these eruptions in athletes present as 
a spectrum of acute to subacute to chronic dermatitis. 
Recognising the unique environmental irritants and 
allergens encountered by athletes is paramount to 
facilitate appropriate therapy and prevention. 140 

Skin cancers 
Skin cancers are not true overuse injuries, but perhaps can 
be described as 'overexposure.' Nevenheless, athletes are 
panicularly vulnerable as many sports involve prolonged 
exposure to sun during training and games. 

The incidence of melanoma and non-melanoma skin 
cancers is increasing worldwide. Ultraviolet light exposure 
is the most important risk factor for cutaneous melanoma 
and non-melanoma skin cancers. Non-melanoma skin 
cancer includes basal cell carcinoma and squamous cell 
carcinoma. Constitutive skin colour and genetic factors, 



as well as immunological factors, play a role in the 
development of skin cancer. Ultraviolet light also causes 
sunburn and photoaging damage to the skin. Studies 
conducted within athletic populations have found that 
certain sports are associated with increased risk for skin 
cancers. 141 

Athletes should take care to avoid excessive exposure 
to ultraviolet light and in particular should avoid sunburn. 

BUT IT'S NOT THAT SIMPLE 
Although it is important to have a good understanding 
of the conditions outlined in this chapter and Chapter 3, 
three important additional components are necessary for 
successful management of patients with sporting injuries. 

Pain: where is it coming from? 
The pain your patient feels at a particular site may not 
necessarily be emanating from that site. It is essential to 
understand pain, which is the topic of Chapters 5 and 6. 

Masquerades 
There are many medical conditions whose presentation 
may mimic a sporting injury. While many of these 
conditions are relatively rare, it is nevertheless important 
to keep them at the back of your mind. If the clinical 
pattern does not seem to fit the obvious diagnosis, then 
think of the conditions that may masquerade as sporting 
injuries. These are described in Chapter 7. 

The kinetic chain 
Every athletic activity involves movements of joints 
and limbs in coordinated ways to perform a task. These 
activities include running, jumping, throwing, stopping 
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or kicking. The tasks may include throwing a ball, 
hitting a ball, kicking a ball, jumping over an object, 
or propelling the body through air or water. Individual 
body segments and joints, collectively called links, must 
be moved in certain specific sequences to allow efficient 
accomplishment of the tasks. 

The sequencing of the links is called the kinetic chain 
of an athletic activity. 142 Each kinetic chain has its own 
sequence but the basic organisation includes proximal to 
distal sequencing, a proximal base of support or stability, 
and successive activation of each segment of the link and 
each successive link. The net result is generation of force 
and energy in each link, summation of the developed 
force and energy through each of the links, and efficient 
transfer of the force and energy to the terminal link. 

Injuries or adaptations in some areas of the kinetic 
chain can cause problems not only locally but distantly, 
as distal links must compensate for the lack of force 
and energy delivered through the more proximal links. 
This phenomenon, called catch-up, is both inefficient 
in the kinetic chain and dangerous to the distal link 
because it may cause more load or stress than the link 
can safely handle. These changes may result in anatomical 
or biomechanical situations that increase injury risk, 
perpetuate injury patterns or decrease performance. For 
example, a tennis player with stiffness of the lumbar spine 
may overload the rotator cuff muscles while serving to 
generate sufficient power and, thus, develop a tear of the 
rotator cuff muscles. 

These deficits in the kinetic chain must be identified 
and corrected as part of the treatment and rehabilitation 
process. We will be constantly returning to the theme of 
the kinetic chain throughout the following chapters. 
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Chapter 5 

Pain: why and how does it hurt? 

by LORIMER MOSELEY 

.. . then, [Mr Hammerhead Shark] his shire covered in blood, spun around and hie 
his knee on the cable, at which point he swore and yelled 'My knee! My knee!', 

the whole rime unfussed about the hammer stuck in his neck. 
G Lorimer Moseley, Painful Yarns. Metaphors and scories co help understand the biology of pain 

Even the simplest biological organisms can protect 
themselves from threatening stimuli- by altering their path of 
movement away from the source of the threat.1 As evolution 
has honed us into more and more sophisticated creatures, 
we have also honed this fundamental capacity to protect 
ourselves from threat. Indeed, perhaps our most sophisticated 
protective strategy is pain. In this chapter, some of the 'fearful 
and wonderful complexity' of pain is conveyed, by: 
• outlining a contemporary definition of pain that 

is contrary to conventional definitions but which 
integrates the huge amount of research that has been 
undertaken since our conventional definitions were 
established 

• introducing the idea of nociception and describing 
some of what is known about the biological 
mechanisms that underpin nociception 

• providing a conceptual framework with which to make 
sense of pain within the context of clinical practice. 

WHAT IS PAIN? 
Almost everyone experiences pain. Those who do not 
experience pain, as the rest of us know it, are at a distinct 
disadvantage in life and are likely to die young without 
living fast. Pain is an unpleasant sensory and emotional 
experience that is felt in the body and motivates us to 

do something to escape it. These two characteristics of 
pain- its unpleasantness and its anatomical focus- are what 
makes it such an effective protector. 

Pain alerts us to tissue damage or the threat thereof. 
Pain makes us seek care. Pain stops us competing, keeps 
us seeking a cure, compels us to prioritise pain relief 
above almost everything else. That's the rub- pain changes 
our behaviour. In fact, if the brain concludes that there is 

COURTESY OF MALCOLM WILLETT 

something more important than protecting a body part 
then it makes the executive decision to not produce pain. 
Therein lies the key to really understanding pain; it is as 
simple and as difficult as this- if the brain concludes that 
a body part is in danger and needs protecting and you, 
the organism, ought to know about it, then the brain will 
make that body part hurt.2 

There is a critical caveat here, one that was overlooked 
in the fourth edition of this book. This convention to 
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ascribe pain to the brain is flawed, because a brain, on 
its own, almost certainly would not and probably could 
not, produce pain. This position has been criticised, with 
merit and additional pieces have been authored that 
critique it.3 The caveat, then, is this: to attribute it all to 
the brain is simplistic and denies the role of physiological 
mechanisms that extend beyond the brain. However, as 
much as we know now, networks of brain cells (neuronal 
and non-neuronal) are the most obvious 'last step' and the 
emergence of consciousness (and therefore pain) is likely 
to be most closely related to their activation. 

With that rather perplexing caveat out of the way, 
let's consider what is good about this concept of pain. This 
concept of pain integrates a vast body of basic, applied 
and clinical research. It differs greatly from conventional 
theories, which have changed little since the 17th century 
when Rene Descartes was ridiculed for suggesting that 
we were not made from four bodily humours.4 

PRACTICE PEARL 

The critical concept is that pain is not a measure 
of tissue damage, but an indicator of the brain's 
conviction about the need to protect certain tissue. 

To better understand pain as the protective output of 
the brain, not as a marker of tissue damage, let us consider 
several contrasts between the two models (Table 5.1). 

WHAT IS NOCICEPTION? CLUE
NOCICEPTION IS NOT PAIN! 
At the risk of sounding a bit repetitive, let us start by saying 
that nociception is not pain. Nociception refers to the 

detection, transmission and processing of noxious stimuli. 
A noxious stimulus is one that is actually or potentially 
damaging. The neurons that detect noxious stimuli and 
transmit a nociceptive message to the spinal cord are called 
nociceptors ('danger receptors'). 

Nociceptors are high threshold neurons, which means 
that they respond to stimuli that are approaching or 
surpassing that which is damaging to the tissue in which 
the neuron resides. Nociceptors are mostly thin neurons 
and many are not myelinated. They fall into three nerve 
fibre types: Abeta (P)(fast, myelinated neurons), Adelta 
(slow, myelinated neurons), C (very slow, unmyelinated 
neurons; see 5 for full review). 

Nociceptors are located in almost all the tissues 
of the body, with the notable exception of the brain. 
This network of neurons, can be considered a very 
thorough surveillance system. Of course, the surveillance 
function of the peripheral nervous system is much more 
comprehensive than nociceptors alone- it is just that 
nociceptors are always surveying the anatomical landscape 
for dangerous events. All such events fall into one or more 
of three categories: thermal, chemical or mechanical. 
Thus, nociceptors have specialised receptors in their cell 
walls that are cold-sensitive, hot-sensitive, chemosensitive 
or mechanosensitive. 

Humans have low-threshold neurons that are solely 
interested in one modality or another, such as thermo
sensitive AP fibres, which inform brainstem areas of even 
tiny fluctuations in tissue temperature- fluctuations 
that are well within a safe operating range. In contrast, 
nociceptors are most often bimodal or multimodal. 
That is, they are responsive to thermal and mechanical 
input, or to thermal, mechanical and chemical input. 
These nociceptors, which are situated in the tissues of 

Table 5.1 Contrasts between (a) pain as a protective output of the brain and (b) pain as a marker of tissue damage 

Pain is in consciousness. 

One cannot be in pain and not know about it. 

No bra in, no pain. 

Pain is affected by what e lse is at stake. 

Pain is affected by who is in the area. 

Pain is affected by beliefs. 

Pain can occur in a body part that does not exist. 

Pain can occur in a body part that is not damaged. 

Pain can occur without activation of nociceptors (see next 

section). 
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Damage is in the body. 

One can be severely damaged and not know about it. 

No body, no damage. 

Damage is not affected by what else is at stake. 

Damage is not affected by w ho is in the area. 

Damage is not (well , not directly). 

Damage cannot occur in a body part that does not exist. 

Damage can occur in a body part that is not painful. 

Damage cannot (excepting loca l anaesthetic or pre-injury 

nociceptor death). 



the body, are called primary nociceptors (see 6• 7 for 
review), 

Primary nociceptors are also different to other 
peripheral neurons in that they project to neurons 
in the dorsal horn of the spinal cord, not directly to 
thalamic or cortical structures, The neurons with which 
primary nociceptors synapse in the spinal cord are called 
secondary or spinal nociceptors and the synapse is open to 
modulatory input from other peripheral inputs and from 
descending neurons (see below), That the nociceptive 
system is polymodal and has a 'relay station' in the spinal 
cord raises two very important issues, 

That primary nociceptors are muhimodal and only 
project as far as the spinal cord clearly shows that the 
nociceptive system, per se, is not able to transmit 
information specific to each modality. That is, the 
nociceptive system does not tell the brain that something 
is 'dangerously hot', or 'dangerously cold' or 'dangerously 
squashed'. Rather, the nociceptive system has the 
apparently simple task of telling the brain that something 
is 'dangerous'. It is the non-nociceptive inputs (including 
non-somatosensory cues8) that provide critical information 
about the nature of the danger. 

The polymodal characteristic also means that if 
a stimulus is both dangerously hot and dangerously 
squashing, it evokes quicker firing of primary nociceptors, 
which effectively tells the spinal nociceptor that 
something is 'doubly dangerous'. To consider a clinical 
example, if a primary nociceptor is activated by chemicals 
released by an inflammatory event and the tissues are then 
poked and prodded, the addition of a mechanical input to 
the chemical input will increase firing of nociceptors to a 
greater extent than either would alone. 

That primary nociceptive input is open to modulation 
at the spinal 'relay station' (better conceptualised as a spinal 
'processing station') means that other peripheral input can 
decrease noxious input. Peripheral input at the spinal relay 
station is from interneurons that are activated by wide 
diameter peripheral neurons (AP fibres) from the same or 
adjacent area. This is why one can, for example, 'rub it better', 
or, in a more sophisticated way, put TENS on it. In fact, TENS 
was born from Melzack and Wall's famous gate control 
theory of 1965.9 Moreover, the spinal relay station can be 
modulated by descending input from supraspinal structures 
and it is this descending input that arguably represents a 
more important and potent modulatory influence. 10 

Sensitisation of primary nociceptors 
('peripheral sensitisation') 
Primary nociceptors become sensitised in the presence of 
chemical irritants, that is, they are subsequently activated 
at a lower threshold than is ordinarily required. The most 
common chemical irritants are generated by the tissues 

themselves when they are injured. These injured tissues 
are often referred to as 'inflammatory soup' because there 
are many chemicals involved and the exact ingredients 
of any particular soup will vary, depending upon the 
particular situation/ injury/ context/ chemical stimuli and, 
critically, person. 

Figure 5.1 depicts typical inflammation-mediated 
sensitisation of primary nociceptors. This 'peripheral 
sensitisation' is exactly that- nociceptors become responsive 
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Figure 5.1 A simplified illustration of the connection between 
nerve terminals and vasculature. The green (normal) and red 
(sensitised) bars depict nociceptor responses to test stimuli 
(yellow bars). When there is peripheral sensitisation (red 
bars), even tiny stimuli evoke responses 
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to stimuli that are not normally evocative. One obvious 
example is that of sunburn: sunburnt skin hurts when you 
get into a shower of 40°C because nociceptors are sensitised 
sufficiently to be activated by a thermal stimulus 4-5°C 
cooler than that which would normally be required. That 
peripherally sensitised tissues are heat-sensitive is a very 
important phenomenon for the reasoning clinician because 
sensitisation of the spinal nociceptor does not result in heat 
sensitivity (Fig. 5.2). Therefore, if one has concluded that 
there is a peripheral problem and one can heat the culprit 
tissues to 42°C, one can confirm the conclusion or question 
it, by determining whether the tissues are more sensitive 
in the presence of thermal stimuli that normally do not 
activate nociceptors (Fig. 5.2). 

Another aspect of sunburn, the reddening of the 
skin, is an important aspect of peripheral sensitisation. 
Reddening of the skin is a sign of neurogenic inflammation 
(Figs 5.1, 5.2). When nociceptors are activated, an impulse 
is transmitted along every branch of the nociceptor. 

Primary allodynla and hyperalgesla, 
mediated by peripheral sensitisation 

If an impulse transmits 'in the wrong direction' and arrives 
at another terminal branch, then it causes the release of 
chemicals that in themselves are inflammatory and cause 
vasodilation.5 This mechanism is responsible for the flare 
one gets around a skin wound or scratch. It is an important 
mechanism if the nociceptor is being activated proximally, 
for example, in the dorsal root ganglion or in the spinal 
cord, because it means that the tissues become inflamed 
as a consequence of action potentials being propagated 
elsewhere- in this situation, the tissues are not generating 
the inflammation. 

Sensitisation of spinal nociceptors 
('central sensitisation') 
When spinal nociceptors are active for some time, they 
too become sensitised. Many biological processes that can 
contribute to 'central sensitisation' have been uncovered, 
and while in-depth discussion is beyond the scope of this 
chapter, there are several resources that discuss central 
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Presuming an injury within the lightly shaded zone, the presence of inflammation in the area and activation of primary 
nociceptors will lead to peripheral sensitisation. This will manifest as primary allodynia and hyperalgesia, as represented 
by a shift in the thermal pain threshold so that pain is evoked at lower temperatures than normal (a) and a similar shift in 
the mechanical pain threshold so that pain is evoked at lower pressures than normal (b). If central sensitisation ensues, 
the surrounding area, here represented by the dark shaded zone, will not be heat sensitive (c) but will be mechanically 
sensitive (d). 
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A note on the evolution of meaning of central sensitisation 

There has been a shift in the common understanding of 

centra l sensitisa t ion, from that presented above, to that 

presented below. That is, many peop le with persistent 

pain have reduced pain thresho lds across ha lf or all of 

the ir body. The most obvious bio logical substrate for this 

sensitivity is the central nervous system. As a resu lt, the 

term centra l sensitisation has been commandeered to 

explain this phenomenon. 13 This is understandable but may 

sensitisation in more detail and are listed at the end of 
the chapter. Central sensitisation manifests as mechanical 
sensitivity beyond the area of injury and peripheral 
sensitisation (Fig. 5.2). In short, central sensitisation means 
that the spinal cord 'upregulates' nociceptive input at the 
spinal cord (see10 - 12 for reviews). This has implications for 
the biopsychosocial model of pain that is illustrated in 
Chapter 29. 

THE BRAIN DECIDES 
As illustrated earlier, pain emerges from the brain and 
reflects the brain's evaluation of threat to body tissue and 
the subsequent need for action. As mentioned in the earlier 
caveat, it is true to say that this perspective is 'neurocemric'3 

insofar as pain does not emerge from a nervous system, 
sining in isolation from the rest of our biology. The truth 
is, of course, that pain emerges into consciousness from 
the entire person. This acknowledgement, however, is 
perhaps more philosophical than a sport and exercise 
medicine textbook permits. To iterate, we can avoid 
this difficulty by conceding that although it is not just a 
brain that evaluates this input and creates an experience, 
to conceptualise it this way is faithful to much of our 
understanding and is far more applicable than a more 
precise but philosophically challenging conceptualisation. 

Spinal nociceptors are important informants about 
danger to body tissue, but, ultimately, nociception is 
neither sufficient nor necessary for pain (see Table 5.1). 
Modern conceptual models of pain highlight this critical 
role of the brain. One framework that makes this clear is 
that of conical representations (see7 for a clinician-friendly 
review). According to this framework, an individual will 
experience, for example, ankle pain when a network of 
brain cells, distributed across the brain, is activated. That 
network of brain cells, then, is considered the neural 
representation of that individual's ankle pain. As it is 
a unique and distributed network, one might call it a 
neurorag.7 Each of the brain cells that constitute this 
ankle pain neurorag also contribute to other neurorags 
and activation or otherwise, of this ankle pain neurotag is 

also be problematic because it takes us away from likely 

candidate adaptations or prob lems, to a very generic and 

exclusion-based approach. One can describe 'new centra l 

sensitisation' as 'reduced pa in thresho lds not explainab le 

by peripheral sensitisation'. In th is chapter, the former 

definition of the term is used because it describes a series 

of bio logical adaptations that are well understood at a 

mo lecular leve l. 

open to modulation at every synapse of every constituent 
brain cell. This brings an enormous complexity to the 
neurobiology of pain, although pain is simply one expression 
of the neurobiology of consciousness, which no one fully 
understands (see above). For a more in-depth review of this 
neurotag-based concept as it applies to performance, sports 
medicine and rehabilitation (see Wallwork et al). 14• 15 

This conceptual framework means that anything that is 
represented by that individual's brain and which provides 
credible evidence about the danger to which the ankle 
is currently exposed, should modulate activity of the 
'ankle pain neurotag'. In more clinical terms, anything that 
provides credible information about the likely danger level 
should modulate ankle pain. Credible information may 
relate to likely consequences of damage- ankle damage 
is more dangerous to a top-level dancer than it is to an 
archer, a fact that will upregulate the ankle pain neurotag 
in the dancer. However, a top-level dancer might have the 
long-held belief that his/her body is indestructible, which 
would downregulate the ankle pain neurotag; a top-level 
archer may not have this belief. As you can see, it is a very 
complex system. 

Credible information might relate to other sensory 
cues- damaging one's ankle on the bend in the final of the 
200 m in from of a screaming crowd may very well lead 
to those same cues upregulating the ankle pain neurotag 
when those sensory cues occur again. Clearly, this neural 
complexity has important implications for rehabilitation; 
the neuroscience of pain and protection suggests that 
rehabilitation of this individual with ankle pain is not 
complete until the athlete has been exposed to every 
credible 'byte' of information that implies danger to the 
ankle. 14· 15 

Hopefully the reader can now appreciate why Descartes' 
idea, that we have pain receptors in the tissues and pain 
signals are rransmiued to the brain,4 is as inadequate as 
it is popular. While its simplicity may be seductive, the 
ever-increasing body of evidence suggests it simply does 
not hold up. If, as a clinician or patient, one is to accept 
the true complexity of pain as evidenced by a huge 
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amount of experimental and clinical literature (see 16 for 
review) and to conceptualise pain by the representation 
framework, then one must also accept that activity in 
spinal nociceptors is one of many contributors to pain. 
The truly modern day clinician should be open to non
tissue contributions (i.e. differential modulation exerted 
by other systems, for example, immune upregulation, 
central sensitisation and central downregulation) and be 
alert to evidence of their influence. 

Charles Darwin suggested that young scientists 
should write down the results that do not support their 
current beliefs because they are the results that are most 
forgettable. 17 As clinicians we should do the same (see also 18). 

With regard to pain, this might mean taking note of 

• when the same mechanical input flares a condition one 
day and not the next 

• when pain is worse in competition than it is in training 
• when strength, endurance, control and flexibility are 

exemplary but the athlete still 'tweaks' a hamstring 
running at 90% effort 

• when a 20-second manual therapy technique increases 
hip range of motion by 25°. 

Sure, one might squeeze some such findings into a 
Descartian framework, but they arguably fit more easily 
in a modern knowledge-based framework and Ockham's 
razor• compels us to look there first. 

THE BRAIN CORRECTS THE SPINAL CORD 
There are several hundred projections from the brain to 
the spinal nociceptor. Projections originate throughout 
the brain and have both facilitatory and inhibitory 
effects. Structures within the brainstem, for example, the 
periaqueductal grey (PAG) are important relay stations 
between the brain and the spinal nociceptor. 19 Such a 
powerful modulatory capacity evokes, not surprisingly, 
powerful modulation. 

Many experiments have investigated the circumstances 
under which the brain modulates the spinal nociceptors. We 
can easily summarise them here using the same language as 
above: if the enrire package of credible evidence of danger 
is different from that suggested by spinal nociceptor input, 
the brain will 'correct' the spinal cord by either inhibiting 
spinal nociceptors or facilitating them. 

Those familiar with principles of motor control will 
recognise the same principles also in the pain system. In 
motor control, this idea of re-afference and sensory-motor 
feedback loops is well established- a motor command 
generates an efferent copy that is then compared to sensory 

feedback of the movement (from vision and proprioceptors) 
and any discrepancy between the predicted and actual 
outcome is used to correct the motor command.20 

Going back to our example of ankle pain, we can 
describe it thus: activation of the brain's ankle pain 
neurotag also triggers its efferent copy, the latter of 
which is compared to spinal nociceptive input, triggering 
correcting descending modulation to adjust ascending 
'danger' input (Fig. 5.3). This kind of feedback loop is 
common in human physiology. 

PRACTICE PEARL 

In short, if the brain concludes that the need to protect 
tissues is greater than spinal nociceptor activity would 
suggest, it will facilitate the spinal nociceptor. If the 
brain concludes the need to protect is less than spinal 
nociceptor activity would suggest, it will inhibit it. 

The effects of such correction will be different if 
the spinal cord itself is sensitised. That is, if non-tissue 
factors are increasing the brain's evaluation of danger to a 
particular tissue, such that the brain upregulates the spinal 
cord, it has the capacity to maintain or indeed instigate, 
central sensitisation. There is potential here for a vicious 
cycle of increasing nociception ➔ increased perceived 
danger ➔ increased descending facilitation ➔ increased 
nociception. Thus, it is all the more important for the 
clinician to evaluate every factor that is contributing to 
the perception of threat to tissues because any credible 
evidence of danger has the potential to upregulate the 
spinal nociceptor (see 18· 21 for reviews). 

THE BRAIN IS DIFFERENT IN THOSE WITH 
PERSISTENT PAIN 
In much the same way that spinal nociceptors adapt to 
become more sensitive, so too do the brain cells that 
underpin pain22-25 (Wand et al.26 have reviewed the 
cortical changes in people with back pain). That is, the 
more the pain neurotag is active, the better it gets at 
being active. This manifests in more and more advanced 
hyperalgesia and allodynia, extended across modalities 
and exhibiting 'over-generalisation'. 

Over-generalisation refers to that phenomenon in which 
pain begins to be evoked by more innocuous stimuli, in 
different contexts and under different circumstances.27-29 

Spreading pain, unpredictable pain, and pain that is less 

' Ockham's razor Is attributed to William of Ockham (14th century), although It was thought to be 'invented' well before his time. Its earliest and 
most enduring Iteration Is 'Entities must not be multiplied beyond necessity' or far more commonly now The simplest answer is probably the 
correct one'. 
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Figure 5.3 Feedback loops within the nociceptive system and the endpoint of pain: injury excites primary nociceptors. Injury

induced inflammation activates and sensitises primary nociceptors (peripheral sensitisation). 

Activation of nociceptors causes neurogenic inflammation in nearby areas and excites spinal nociceptors. Spinal nociceptors 

project to thalamic nuclei, which then project to the brain. A complex evaluative process occurs within the brain, whereby 

every byte of information that provides credible evidence about the actual danger faced by the tissues in question is able to 

upregulate or downregulate the pain neurotag. This process permits the brain to determine 'What is the need for protection?' 

The final 'decision' leads to activation of the pain neurotag and pain emerges into consciousness. Simultaneously, as though 

a bifurcation of a single neural output, the determined need for protection is sent to a 'comparator', where it is used as a 

reference for the spinal nociceptor input. This comparator then modulates midbrain structures and thence in turn the spinal 

nociceptor to 'correct' its activation level. Thus, descending modulation can be facilitatory or inhibitory. The broken line from 

spinal nociceptor towards neurogenic inflammation refers to the possibility of tissue inflammation evoked by descending 

facilitation. That is, excessive facilitation of the spinal nociceptor in the absence of primary nociceptor activity is thought to 

activate the primary nociceptor antidromically, which induces neurogenic inflammation in the periphery. 

and less related to tissue state and activity are cardinal 
signs of cortical dysfunction. 

The full mechanisms and manifestations of cortical 
sensitivity are not as well understood as the changes in 
the spinal nociceptor are understood, but they are, at least 
theoretically, likely to be of far more widespread impact 
for the clinician and patient. Suffice it to state here that 
the complexity of pain and the adaptability of the nervous 
system mean that the modern clinician needs to think 
well beyond the tissues when dealing with anyone in 
pain. Indeed, common changes in the sensitivity of the 
nociception/pain system can be mediated at various 
levels of the neuraxis (Table 5.2). 

TREATING SOMEONE IN PAIN: 
A COMPLEX SYSTEM REQUIRES 
A COMPREHENSIVE APPROACH 
This chapter is not designed to provide a comprehensive 
guide to treating the patient in pain. Instead, it provides 
an account of pain that can underpin the assessment and 
management of people in pain, whatever the 'clinical 
toolbox' of the clinician. One implication of what we now 
know about pain is that there are certainly 'many ways 
to skin a cat' insofar as there are many ways to decrease 
credible evidence of danger and increase credible 
evidence of safety (see Moseley and Butler21 for a step-by
step approach to doing this). 
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Table 5.2 Clinical patterns of increased sensitivity to peripheral stimuli and possible underlying mechanisms 

Mechanical allodynia: mechanical stimuli that do not normally 

evoke pain now do 

Peripheral sensitisation, centra l sensitisation, cortical modulation 

Thermal allodynia: heat pain threshold is decreased 

Hyperalgesia: normally painful stimuli are now more painful 

Primary hyperalgesia 

Peripheral sensitisation, cortical modulation 

Peripheral sensitisation, centra l sensitisation , cortical modulation 

Hyperalgesia attributed to peripheral sensitisation 

Secondary hyperalgesia Hyperalgesia attributed to central sensitisation (or simply not 

attributable to peripheral sensitisation) 

The best practice approach to rehabilitation integrates 
the complexity of the individual, and targets aspects 
of normal and altered physiology associated with 
pain (Fig. 5.4). The model is most established for the 

management of people in chronic pain2 but can also be 
applied to the sporting and performance context. 14· 15 

This is extremely relevant to sport and exercise medicine 
because (i) active people often present with these 
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meaning 

Thoughts, 
beliefs, logic, 
knowledge 

Injury 
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Mechanism 
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spread 

Generalisation 
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Non-mechanical 
triggers 
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mechanical 
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Figure 5.4 Major contributions to pain and their clinical implications. 

Remove 
contributors to 

'danger 

NSAIDs 

Corticosteroids 

Movement 
therapies 

Recovery 

Train the brain 
and the body 

Graded exposure 
to movements, 

tasks, social cues, 
environmental 
cues, cognitive 

cues 

Normalise spinal 
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changes through 
specific brain 

training 

The left column lists the major contributions to the brain's evaluation of danger to tissues, which determines pain and 

descending modulation. The second column suggests mechanisms with which to assess the major contributions, thereby 

identifying key triggers. The middle column suggests signs of spinal and cortical sensitisation, so as to determine the state 

of the nociceptive system. The fourth column suggests approaches to minimise the impact of the triggers that have been 

identified. (Note that this extends beyond physical approaches to include cognitive and educational approaches.) The 

final column recommends avenues to recovery. (Note the emphasis on training both the body and the bra in, via specific 

techniques and graded exposure to physical and non-physical triggers.) 
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symptoms and (ii) the skillset and credibility of those 
working in this field is well suited to motivating people in 
pain to embrace a multifactorial approach to management. 
Because the biological mechanisms that underpin pain are 
the same for acute and chronic pain, albeit with increasing 

REFERENCES 

References for this chapter can be found at www.mhhe.com/au/CSM5e 

sensitivity as pain persists, the model outlined is applicable 
across patient groups. In Chapter 6, Dr Ebonie Rio outlines 
approaches to several clinical scenarios to show how the 
principles outlined here can underpin work in the clinic. 
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Chapter 6 

Pain: the clinical aspects 

with EBONIE RIO 

Understanding pain biology changes the way people chink about pain, 
reduces its threat value and improves their management of it. 

David Butler & Lorimer Moseley, Explain Pain 

Chapter 5 provided the complex foundational elements of 
pain science. In this chapter, we share how clinicians can 
apply this knowledge to better manage patients.1 Being a 
clinician would be straightforward if the location of pain 
always revealed the precise area of pathology and pain 
had a tissue basis. But this is commonly not the case! 

It is useful to consider the contributions to a patient's 
pain. For example, is there peripheral sensitisation? Is 
there central sensitisation? Is there referral? Are there 
cortical contributions? Are there changes in cortical 
representations? No matter what the answer to these 
questions, pain is a sign that the brain is urging pro
tection. Identifying the relative importance of different 
contributions allows you to target your treatment 
accordingly. 

Let's consider a patient with longstanding back pain. 
Historically, clinicians developed a list of differential 
diagnoses to classify injury or disease. In this case the 
options include muscle strain, disc injury or facet joint 
injury. Working from such a list of differential diagnoses 
relies on several assumptions. First, that knowledge of 
the affected structure is important to the assessment and 
diagnosis. Second, that it is possible to accurately confirm 
the diagnosis (i.e. that a gold standard exists). Third, that 
making a tissue diagnosis will inform treatment. Contrary 
to these 1980s opinions, none of those assumptions 
appear correct today. 

A complementary approach is to consider an over
arching classification (e.g. 'the patient had an episode 
of back pain') that focuses on rhe pain experience and 
conrriburing factors as a distinct clinical entity. With this 

foundation, the clinician can add information about the 
state of specific anatomical structures and determine the 
best treatment approach (which may change over time). 

This broader perspective of painful events, which 
encourages assessment by body region and type of threat, 
is based on the neuroscience that body movements are 
represented on motor homunculi and body surfaces 
are represented on sensory homunculi (Fig. 6.1). While 
the chapters of this book are arranged to permit region
specific assessment and treatment of what we consider 
predominantly nociceptive-driven (or input-dominated) 
presentations, this chapter aims to help clinicians to 
know when to consider centrally dominated pain in their 
assessment and management. So, what is meant by 'input
dominated pain' and 'centrally dominated pain'? 

INPUT-DOMINATED PAIN 
Let's begin with the most common type of pain that 
brings the patient to a clinician in this field- pain from 
a musculoskeletal injury. This is 'input-dominated pain' 
and it is distinguished from 'centrally dominated pain' 
(discussed in the next section). When learning about 
concepts like this, it is helpful to artificially distinguish 
ends of a spectrum. Of course input-dominated and 
centrally dominated pains occur together, but let's put 
them in very distinct boxes to start with. In this context, 
'input dominated' is a term used to get the clinician to 
appreciate the nociceptive contribution. The input is 
the sensory information from the periphery that has 
stimulated a nociceptor (a receptor capable of transducing 
and encoding noxious stimuli). 
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Figure 6.1 Motor and sensory homunculi 

Pain and musculoskeletal tissues 
Pain is what makes a person go to see a clinician. Acute 
incidents or injuries are generally associated with nociceptive 
sensory inputs from tissues. Many patients will report that 
their pain has affected their function in sporting, occupational 
or everyday activities. The clinician should evaluate the 
status of musculoskeletal structures as per a normal clinical 
encounter (see Chapter 14) and consider the following: 

1. joints, including ligaments 
2. bones 
3. muscles and fascia 
4. tendons 
5. neural structures (see below). 

In acute states, pain associated with nociceptive 
contributions is thought by clinicians to be fairly closely 
linked with injury and the repair process. As explained 
in Chapter 5, the relationship between tissue status 
(damage), afferent impulses (i.e. impulses perceived as 
noxious), and pain is not predictable or linear. Afferent 
impulses may overemphasise the danger associated with 
an injury at first (e.g. severe pain of an ankle sprain), but 
this can quickly diminish. The patient can be pain-free 
at 2 weeks post-injury, but not fully healed for 6 weeks. 
It is important to avoid thinking of pain presentations 
purely in terms of the length of time of symptoms. An 
example of this is pain associated with the patellar tendon 
(see Chapter 36), where pain is intimately linked with 
patellar tendon load, implying a nociceptive contribution 

66 

Sensory 

Pharynx 
Intra
abdominal 

even though pain can persist for years. In this example, 
the pain experience is of course modulated (as all pain is 
an output), yet there appears evidence of a nociceptive 
contribution. 

Table 6.1 demonstrates examples of nociceptive pain 
descriptors and clinical examples. 

PRACTICE PEARL 

It is essential that the clinician eliminates sinister 

causes such as cancer (see Chapter 7). 

Less well characterised input-dominated 
pain-referred pain 
Referred pain is an example of nociceptive input
dominated pain. It can be thought of as an error in the 
brain's processes that determine where, exactly, it should 
hurt. That is, the location of the dangerous event is 
'misread' by the brain. An example of referred pain is pain 
in the neck or left arm when it is the heart that is the 
structure under threat. Another common example is leg 
pain when nociceptive input arises from a structure in 
the back or the ascending projections normally associated 
with that structure. An extreme case of referred pain is 
'phantom pain' where pain appears to be localised in a limb 
that is no longer part of the body (e.g. after amputation). 
This is also a good example of the discrepancy between 
apparent input and the experience of pain. 



Table 6.1 Clinical examples of terminology and tissue-based examples of pain with nociceptlve contrlbutions2 

Patients describe an incident that fits with anatomical 

location 

Patient reports clear aggravating and easing factors as well 

as consistent and clear pain reproduction on movement (or 

testing) of target tissues 

Pain usually eases as the injury settles 

Ank le sprain may injure ligaments, fascia, muscles, tendon, 

bone and neura l structures via mechan ical, ischaemic and/or 

inflammatory processes 

Testing of the involved ligaments reproduces pain 

Initial ly someone may present with a limp and th is reduces 

over time, perhaps with appropriate treatment that may 

include activity modification, ice, compression and optimal 

loading (graduated exercise progression) 

Four case scenarios where referred pain is a common culprit! 

• A patient presents with a long history of intermittent, 

dull, occipital headaches. The patient is thoroughly 

investigated for eye problems and the presence of 

intracranial pathology. All tests are normal. 

• A patient presents with a history of an ache in the right 

shoulder that is difficult to localise and is associated 

with pain on the media l aspect of the upper arm. 

There is some neck stiffness and tightness in the 

trapezius muscle. 

• A 35-year-old executive complains of episodes of sharp, 

left-sided chest pain related to activity. The patient has 

already undergone extensive cardiac investigations that 

were all normal. 

It is important to keep in mind that there is always 
a reason for pain (response to perceived threat). Because 
pain is the end point of a complex danger-relevant 
processing system, it means that when the tissue that 
hurts seems normal, we may need to look elsewhere 
rather than presume the patient is not in pain. 

Consider that the brain is wrongly locating a dangerous 
event- that there is a noxious contributor in an area that 
does not hurt (and the pain is felt at a remote distance to 
the noxious contributor). There are common patterns and 
mechanisms of referred pain. Two of these are 'radicular 
referred pain' and 'somatic referred pain'. Being familiar 
with these will stand the young clinician in very good 
stead. You will make many diagnoses and help many 
patients who your colleagues will consider 'difficult' or 
even 'crazy'. (We don't condone terms like 'crazy' about 
patients, but patients have reported to us that they were 
told this or they felt crazy, so the term is used here to 
emphasise the burden that undiagnosed referred pain 
can have.) 

• A young athlete presents with a history of recurrent 

episodes of buttock and hamstring pain. There is no 

history of an acute tear and the patient describes the 

pain as deep-seated and dull with occasional sharp 

cramping in the hamstring. Examination of the 

hamstring shows some mild tenderness but full stretch 

and strength . 

These clinical presentations are common in sport and 

exercise medicine practice. All of the patients are likely to be 

experiencing referred pain and treatment needs to take this 

into account. 

Radicular pain 
The concept of radicular pain is increasingly taught 
to undergraduate health professionals, and it is pain 
associated with nerve root compression or irritation. 
It has the characteristic quality of sharp, shooting pain 
in a relatively narrow band, known as a dermatome. 
Dermatomes are mapped out and can be used to 
determine the segmental level of the nerve root 
compromise. Dermatomes themselves are variable both 
between and within individuals- they move in line with 
shifting receptor fields of spinal neurons.3· 4 (Fig. 6.2). 
Nonetheless, current convention tells us that if the 
radicular pain is associated with compression of the nerve 
root, it will usually be accompanied by neurological 
abnormalities, e.g. paraesthesia corresponding to a 
reasonably typical dermatomal distribution or muscle 
weakness corresponding to a reasonably typical myotome. 

Irritation of the dorsal root ganglion can evoke a 
similar distribution of pain, although the shooting pain 
may be delayed for several seconds and will sometimes 
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Figure 6.2 Radicular pain runs in well-characterised 

narrow bands according to which nerve root is affected. 

The left panel shows the dermatomal distribution of the 

neck region. The image also explains mechanisms that 

can underpin radicular pain-convergence of multiple 

incoming nociceptors. Note that radicular pain within the 

peripheral supply of a single spinal segment can occur via 

convergence of multiple branches of single nociceptors (A). 

Radicular pain can also occur via nociceptors within the 

dorsal root ganglion of that peripheral nerve (B). Pain can 

occur within the adjacent spinal nerve root territory via 

convergence within the dorsal horn, where projections from 

levels above (C6) or below (C8) can terminate alongside 

those from the spinal segment concerned (C) 

reverberate (see Butler and Moseley 20135 for more on 
this). That nerve root irritation and dorsal root ganglion 
irritation evoke pain in the area normally supplied by the 
affected nerve is intuitively sensible. The spinal neurons 
that convey the danger message have no method by which 
to differentiate where along the primary nociceptor the 
activity was generated, which leaves the brain allocating 
the danger to the target tissues. 

Somatic pain 
The other type of referred pain- the one that is largely 
ignored in traditional medical (i.e. MBBS, MD) teaching- is 
often called somatic referred pain. The mechanisms that 
underpin somatic referred pain are not as structurally 
simple as radicular referred pain. This is because the 
'disrupted transmission' occurs within the central nervous 
system. This might happen at the dorsal horn in the 
spinal cord, in the thalamus or in the brain itself (Fig. 6.3). 
For example, visceral and musculoskeletal afferents 
converge in the case of left arm pain evoked by cardiac 
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problems. Similarly, immune mechanisms form functional 
connections with contralateral spinal nociceptors and as 
such might evoke 'mirror pains' at the identical site on the 
opposite limb. 

It can be helpful for the young clinician to conceptualise 
somatic referred pain as the brain attempting to localise 
the pain in response to ambiguous input (Fig. 6.3). As a 
result, the patient explains that the boundaries of pain 
seem indistinct, and that the pain can move. There is a 
large amount of variability between how individuals tell 
their story of this type of pain. 

Two structures that are widely held by clinicians to be 
common contributors to somatic referred pain are (i) joints 
and (ii) myofascial trigger points (although the evidence 
concerning popular treatments for the latter is somewhat 
fragile). The growing ambiguity or imprecision, that seems 
to accompany somatic referred pain increases as the 
usual intracortical inhibitory mechanisms break down in 
persistent pain. The longer pain persists, the more 'bodily 
real estate' it tends to consume. Indeed, the attribution of 
danger to a particular area of space, in addition to body,6-8 

is consistent with this loss of inhibition in brain areas 
dedicated to spatial localisation of body parts. 10 

Neuropathic pain 
Neuropathic pain can be difficult to categorise and is 
defined as pain arising as a direct consequence of a lesion or 
disease affecting the somatosensory system. 10 In contrast 
to pain that arises from activating nociceptive afferents 
(discussed above as pain with nociceptive contribution), 
pain can arise by activity generated without adequate 
stimulation of sensory nerve endings and is probably 
best described as a characteristic rather than a diagnosis. 
However, neuropathic pain can occur concurrently with 
nociceptive contributions to pain, that is, initial trauma 
can damage peripheral musculoskeletal tissue as well as 
neural tissue. This provides a mixed clinical picture that 
makes it more challenging for the clinician to unravel the 
contributor(s) to pain. 

There is no gold standard or even clinical test for 
neuropathic pain. It represents clusters of features that may 
or may not have a history of injury or illness preceding the 
symptoms. Clinically, many find it useful to grade according 
to the level of certainty with which it can be determined 
in a patient10 (definite, probably, possible). This is based 
on the premise of pain distribution being consistent with 
dermatomes (that is, corresponding to peripheral innervation 
patterns or representations). Causes of neuropathic pain 
include diabetes, malignant disease, trauma and ischaemia. 
People presenting with pain (often to a musculoskeletal 
clinician) may have diabetes or an undiagnosed malignancy, 
so the clinician must remain alert to this possibility when 
a patient presenting with what would be expected to be 
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Figure 6.3 Somatic pain is an important type of input-dominated pain. As in the illustration of the person on the left side of 

the figure, pain can be referred in non-radicular patterns such as within a limb or 'quadrant'. Nociceptive signals converge in 

higher centres, e.g. thalamus, insula, and primary (S1) and secondary (S2) somatosensory areas. 

input-dominated pain (e.g. local tissue trauma) reports 
ongoing pain with neuropathic features. 

The clinical features of neuropathic pain may include 
burning or shooting pain, hypersensitivity, expansion of 
receptive fields, deep aching, motor deficits, abnormal 
neurological examination and spontaneous pain.2• 11• 12 

A patient with neuropathic pain may experience both 
sensory loss (cold, warmth and pinprick) and the presence 
of certain hyperphenomena such as tingling or prickling 
sensations. However, clinical neurological testing may 
not be sensitive enough to detect the afferent (sensory) 
changes. There is no gold standard to identify neuropathic 
pain, nor consensus over whether neuropathic pain 
questionnaires should be used in clinical practice. Of the 
available questionnaires, PainDETECT and LANSS 13 have 
the best clinical applicability as well as acceptable 
sensitivity and specificity. 

CENTRALLY DOMINATED PAIN 
These classifications merely aim to assist clinicians to 
form a treatment path. This is because people who have 
reduced thresholds to the way they perceive stimuli 
that is contributing to their pain (perhaps even a main 
driver) require individual approaches. The term 'centrally 

dominated pain' refers to clusters of clinical features and 
includes sensory findings (both positive and negative 
findings). It is often thought of as pain that persists beyond 
usual time frames (however, this is difficult to quantify 
and could mean treatment was inappropriately directed) 
or as pain that is experienced without stimuli. 

This is where it gets tricky as reduced sensory 
thresholds are also observed even in acute situations such 
as an ankle sprain. Thus, centrally dominated pain refers to 
the pain of a subgroup of people who have not responded 
to many traditional treatments. Unfortunately many 
people experience persistent pain and there are no tests 
that can identify people early that are at risk of persistent 
pain. The language strategies provided at the end of this 
chapter aim to help clinicians reduce their negative impact 
(and perhaps even have a positive impact) on their patient 
interactions. (Note that neuropathic pain has elements of 
both input-dominated and centrally dominated pain but 
it is included below.) Many conditions may have elements 
of neuropathic pain. 

Central sensitisation 
The expert sport and exercise clinician recognises that 
the relationship between pain and tissue damage becomes 
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more tenuous as pain persisrs. 14 As pain persists, the 
central nervous system (CNS) switches to a state of spinal 
hypersensitivity, which generates allodynia (e.g. the 
experience of pain from non-noxious stimuli such as light 
touch) and the descending control pathways shift to 
excitation rather than inhibition. 

Central sensitisation results from a complex cascade 
of physiological events involving all levels of the CNS 
and many areas of the brain15 (see Chapter 5 for more 
detail). Often the patient has a reduced pain threshold 
that is nor explained by peripheral sensitisation. (Nore 
that the clinical finding of lowered pain threshold can be 
explained by one of two mechanisms- central or peripheral 
sensitisation. This amplified neural signalling and potential 
for evoked pain via non-nociceptive channels elicits pain 
hypersensitivity and may represent a shift in the main 
contributor to pain. Neural impulses may be spontaneous. 

These features can be difficult to clinically assess 
and have been mainly reported using equipment such 
as qualitative sensory testing, which is expensive and 
time consuming. Light touch testing (e.g. with von Frey 
filaments) and two-point discrimination testing require 
practice to obtain reasonable reliability and repeatability 
and also rely on the assumption that there are established 
normative data- which there are not! This may sound very 
negative, but it is important for clinicians to put everything 
together in the clinical picture. The clinician should be 
alert to the possibility of central sensitisation when pain 
persists beyond the 'normal healing' time frames for an 
injury. At the same rime, please listen to the voice saying 
that you also need to watch for 'red flags' (masquerades
see Chapter 7) at that point too. Unfortunately, no 
simple clinical tests provide confirmation that the pain 
presentation is centrally dominated. The clinician needs 
to rake a reading from a cluster of signs and symptoms. 

Another clue that pain may be centrally dominated is 
that it may respond poorly to treatments such as manual 
therapy, because CNS changes may have altered neural 
function (e.g. a light touch may evoke pain). 

After an injury (e.g. ankle sprain), a period of 
increased sensitivity is an adaptation that reduces the 
risk of secondary injury and provides an opportunity for 
tissue to heal; 14 however, persistent hypervigilance can 
substantially impair quality of life. The concept of threat 
and pain is summarised in the previous chapter and also 
derailed in the book Explain Pain 1• 5 (Fig. 6.4). Remember 
that the relationship between perceived threat and pain is 
true of all pain presentations, nor just chronic pain states. 

Table 6.2 assists clinicians to interpret information 
obtained in their subjective assessment and to guide pain 
classification. It includes common assessment techniques 
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Figure 6.4 Explain Pain is a book by Dr David Butler and 

Professor Lorimer Moseley, but the term 'explain pain' has 

increasingly been used to refer to an approach to treating 
centrally dominated pain. We recommend it as part of the 

essential library for the Clinical Sports Medicine community 
DAVID BUTLER AND G LORIMER MOSELEY, EXPLAIN PAIN, 2003, NOIGROUP 

PUBLICATIONS 

and tools that may be used to assess sensory processing 
and pain. 

II can be difficult to classify patients but some 
consideration of the primary contributors to their clinical 
presentation may assist with efficacious treatment 
selection. Figure 6.5 aims to assist clinicians with their 
clinical reasoning process. Of note, clinicians may be 
persistent in trying to identify a tissue-based diagnosis with 
ongoing pain. Conversely and of no benefit to patients, 
many are told the pain is all in their head! There are a 
number of panerns that can assist with using Figure 6.5. 
Here is a list of clinical symptoms and signs to assist with 
identifying centrally dominated pain presentations (refer 
to Explain Pain for greater detail): 1· 5 

• loss of two-point discrimination 17 

• language of pain- 'everyrhing hurts' 
• cold sensitivity 
• tenderness to palpation away from injury sire 

(secondary hyperalgesia) 
• multiple diagnoses including myofascial syndrome, 

fibromyalgia 
• red flags (see Chapter 7), including history of traumatic 

events, anxiety/depressive states 
• cyclical or seasonal presentation (without links to 

changes in load or mechanical stimulus). 

Table 6.3 includes common assessment techniques and 
tools that may be used to assess sensory processing and pain. 



Table 6 .2 Questions that clinicians can use to guide their approach to patients with pain. Note there generally exists a 

crossover among contributors to pain2• 11• 14• 16 

Onset: was there an initial 

incident/ injury and when 

was it7 

Where is the pain? Does it 

move around or spread7 

Can you describe the 

symptoms? 

Does anything provoke 

the pain? (Examples given 

include visual 

and mechanical stimuli.) 

Some people report a clear onset of 

pain, others do not 

Some individuals do not report pain 

even from a clear episode of severe trauma 

Localised pain 

Within dermatomal distribution 

Pain that does not fit a dermatomal or 

myotomal distribution 

Burning, electric shock-like, shooting, 

crushing , paraesthesia, and pins and 

needles 

Specific clusters of symptoms such as 

sweating , swelling , glossy skin, together 

with burning pain may reflect increased 

sympathetic activity 

No 

Does the patient report Yes 

hyperexcitability of response Pain with light touch (mechanical) 

to stimuli? Cold allodynia (thermal) 

Chemical stimuli 

Wind-up-like pain (abnormal temporal 

summation, that is, the perceived increase 

in pain intensity over time when the 

stimulus is repeated above a critical rate) 

or aftersensations (persistence of pain after 

termination of a painful stimulus) 

Is the tissue a predominant driver of the pain7 

(No recollection of pain makes this less likely 

but not impossible) 

Overuse presentations (of input-dominated pain) 

may not have a sudden onset 

In the case of persistent pain , the incident may be 

a long time ago (may or may not be due to centrally 

dominated pain) 

May reflect nociceptive including compression of 

neural tissue 

May be referred (e.g . from the spine or viscera) 

Potential centrally dominated or neuropathic pain 

May reflect neuropathic pain (input dominated) 

These features are characteristic of complex 

regional pain syndrome. This is an example of 

centrally dominated pain 

If the patient has pain without a physical stimulus, 

consider centrally dominated pain such as 

neuropathic pain, rheumatological causes, 

sensitisation, inflammation or a sinister cause 

(see Chapter 7) 

Even being at rest may irritate some nociceptive 

pain (including neural irritation, for example, if your 

ulnar nerve has pressure when your elbow rests on 

something) 

People may report that pain swaps sides, or limbs or 

'pain has a mind of its own' 

Pain may be unpredictable, non-mechanical and 

non-anatomical in response to movement 

Possible to have movement-related memory pain 

that is reinforced by cognitive emotional factors 

Some patients with centrally dominated pain 

experience pain with visual stimuli 

Possibly centrally dominated or neuropathic 

pain. Chemical and cold allodynia can be difficult 

to assess in the clinic. Patients can report 

hypersensitivity to cold 

Described following repetitive noxious or non

noxious stimuli (like light touch can evoke pain) 
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Verbal cues, physical assessment (including anatomical location 
or vagueness, descriptors of pain), tools (e.g. Tampa scale, 

validated region-specific tools, left/right judgements) 

Can I determine a main driver? 

Note that changes in sensitivity occur seconds after a noxious 
event, therefore centrally dominated refers to sensitivity 

persisting beyond what would be considered reasonable tissue 
healing time frames. Most presentations wil l display elements of 

multiple different pain profiles 

What are the treatment options? 
Why Is th is Important? 

Input-dominated presentations will require reduction of 
noclceptlve stimulus as well as central modulation (e.g. reducing 

fear of) whereas centrally dominated presentations have long 
demonstrated resistance to "traditional" treatment paradigms 

and Identification of these presentations is Important. Note there 
Is crossover and presentations may change over time 

Graded 
rehabilitation 

• . 

Early cross-education 

Input dominated 

Manual therapy / 
some adjuncts 

Clinical 
presentat ion 

Cent rally dominated 
(secondary to 

peripheral 
input or related to 
injury or disease) 

Red flags 
Refer to appropriate 

specialist 

•• 
. . -·-. . . . - . - -
-

Graded motor 
Imagery program or 

its components / 
mirror therapy and 

visual imagery / 
explain pain (5) / 
cognitive therapy 

Education Including 

Some medications 
are effective 

._ ________________ _.-! pain science, balance 

between activity 
and capacity 

Figure 6.5 Flowchart to assist with clinical presentation and treatment path 

MOTOR ADAPTATION TO PAIN 
It is important for the clinician to appreciate that 
there are movement changes with pain- technically, 
'motor adaptations.' Understanding what may underpin 
abnormal movement can allow appropriate rehabilitation 
(see Chapter 18). 

Clinicians will recall examples of what pain scientists 
call the pain-spasm-pain model- pain increases muscle 
activity which in turn causes pain.21 Consider secondary 
muscle spasm associated with some forms of back pain. 
In contrast, the pain-adaprarion model postulates that pain 
actually reduces activation of agonist muscles and increases 
activation of antagonist muscles22 to limit movement and 
avoid provoking pain and further damaging tissues. An 
example of this would be inhibition of the quadriceps to 
limit patellar movement in cases of patellofemoral pain. 

Both of these types of motor change may reduce 
movement variability and that abnormal pattern 
may in turn increase the likelihood of recurrence of 
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pain. 14• 20- 23• 24 Importantly, a so-called 'protective movement
related pain memory' may even hamper some attempts at 
rehabilitation for some patients. 1· 25 

Limiting movement can be effective in reducing pain 
in the short term and as long as there is a perceived 
threat, motor outputs may serve to protect the pan. 
These changes in motor learning occur at multiple levels 
of the motor neuroaxis (e.g. motor unit, spinal cord, brain), 
so the patient may need to relearn appropriate motor 
patterns (i.e. reprogram motor outputs) after a period of 
sustained protection. The expert clinician builds this in 
to the progressive rehabilitation and exercise prescription 
(see Chapter 18). 

Treatment options for patients with pain 
CNS modulation occurs with all sensory input- memories, 
thoughts, fears and expectations will influence and 
shape the output. There are many ways to treat people 
with centrally dominated pain and many aspects of the 



Table 6 .3 Tools for sensory processing and pain reporting 

Allodynia 

Hyperalgesia (primary 

and secondary) 

Pain during function 

Disrupted motor 

imagery performance 

Stimuli that do not 

norma lly evoke 

pain (non-noxious 

stimuli) are now 

capable of evoking 

pain 

Stimuli that are 

norma lly painful 

now evoke more 

pain 

Lowering of pain 

threshold response 

to noxious stimuli 

Patient reports pain 

during activity 

Using a functional 

test enables re

testing of the task 

Accuracy and time 

to recognise left 

and right body 

images 

Jumping can be painful 

for someone with 

patellar tendinopathy. 

Walking may be painful 

for someone who has 

sprained their lateral 

ankle 

Primary hyperalgesia

peripheral sensitisation 

Secondary 

hyperalgesia-attributed 

to central sensitisation 

This test has three 

steps: 

1. Initial spontaneous 

judgment 

2. Mentally match 

image to mimic 

posture shown 

(requires intact 

working body 

schema/cortical 

representation 

3. Confirm or deny 

initial judgment. This 

is impaired in some 

conditions such as 

Complex Regional 

Pain Syndrome and 

phantom limb pain20 

Observation 

Physical assessment, including 

palpation 

Note that allodynia is a normal 

and protective response to injury, 

but can also be part of persistent 

pain states 

Pressure pain algometer to detect 

mechanical hyperalgesia 

Qualitative sensory testing can 

examine the presence of thermal 

and mechanical hyperalgesia 

by checking thresholds and 

detection 

Visual analogue scale 

Numerical rating scale 

(e.g . 0-10) 

Multidimensional descriptors such 

as McGill Pain questionnaire 18 

Specific questionnaires for 

diagnosis, e.g. VISA-P for patellar 

tendinopathy 19 

Android and iPhone apps can test 

this-for example Recognise 
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Be alert to the onset of centrally dominated pain 

As an injury progresses from acute to chronic, the nature 

of the pa in may change in some patients with cent ral ly 

dominated pain becoming more li ke ly as pain pers ists. 

Let's take the example of an ankle spra in. In the 

acute setting with pain, swell ing and disability, the major 

contributions to the pain are nociceptive input dominated. 

In this example, the clinician has the benefit of the patient 

reporting that he or she had rol led the ankle, the presence of 

swelling in the area and perhaps their limping gait, to gu ide 

clinical assessment. The combination of subjective information 

and physica l signs points to a t issue-based diagnosis, wh ich 

helps the clinician formu late a management plan based 

on the philosophy that this is input dominated/nociceptive. 

Appropriate language that avoids fear mongering, and 

education to guide exercise and analgesic behaviours will be 

beneficial (or at least do no harm as the body heals). 

If the person continues to limp after severa l months, is 

afraid to use the ankle, describes pain without activity or pain 

treatment are different to that used for nociceptive pain 
(Fig. 6.5). 

Education 
Most patients with pain will benefit from accurate 
education about perceived threat and pain. The clinician 
must avoid potentially harmful language such as 'bone on 
bone' changes in osteoarthritis or 'massive disc rupture/ 
herniation' in back pain. 

Identification of centrally dominated pain is important 
because evidence suggests the best way to help patients 
lies in skilled practitioners and appropriate resources. In 
the future, strategies need to be improved that target all 
aspects of CNS changes, including cortical reorganisation. 14•20 

It is possible to achieve a positive outcome; ion channels 
can change in minutes (see26 for review) and movement
specific motor maps can shift over days and even 
minutes.27· 28 This suggests that patients may benefit from 
rapid neurological changes which equate to symptom relief 
(usually less pain) as the nervous system is restored to a less 
sensitive state. 

Manual therapy 
Touch can have anti-nociceptive effects29 and can also 
benefit patients in conjunction with exercise in some 
conditions such as shoulder disorders.30 In mechanical 
neck pain, with or without headache, the Cochrane 
review concluded that manual therapy should only be 
done in conjunction with exercise and that mobilisation 
or manipulation alone was less effective.3 1 Inaccurate 
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with clothes against his or her ankle and perhaps there are skin 

changes, the clinician may start to th ink that the presentation 

has changed from input dominated to centra lly dominated. In 

the former, the ligaments would be expected to be 'healed' 

after this period of t ime. However, there is no cut off for a 

t ransit ion to a centra lly dominant picture (e.g. not greater than 

3 months, as many texts wil l indicate). 

The important point to make here is that manua l 

techniques aimed at the ankle joint could easily make pain 

worse. The treatment path may need to be very creative 

and use techn iques such as graded motor imagery to 

begin moving the virtual ankle before the physical ankle is 

re-introduced to rehabi litation. This is never easy, and the 

cl inician must always remember the possibility of a missed 

diagnosis (such as a fracture) or a sinister cause, yet not 

continue to hunt for a tissue-based diagnosis when some 

contributors to pain cannot be scanned (such as beliefs 

and feelings) . 

statements from clinicians such as 'putting your spine 
back in place' should be avoided. Acupuncture has been 
shown to have short-term effects on pain.32 

The remaining chapters of the book will direct the 
reader to appropriate and evidence-based techniques. 
Given the potential for anti-nociceptive effects, it stands 
to reason this may be an appropriate part of management 
for someone that has nociceptive contributions to 
pain, but less so for someone demonstrating sensitivity 
(e.g. when light touch is painful). 

Medications 
Medications may modify pain. Examples include medi
cations that block inflammatory drivers, blunt neural 
sensitisation or promote neural plasticity. This topic is 
covered in Chapter 17. 

Exercise/progressive loading 
Following the initial period of unloading after an acute 
injury (or after prolonged changes to movement as a 
protective strategy), it is critical for patients to move and 
reload tissue in a gradual manner that promotes progressive 
tissue adaptation. Rest reduces capacity33 in musculoskeletal 
tissues. (See Mechanotherapy in Chapter 17). 

In nociceptive presentations, the clinician may focus 
more on local tissue reloading whereas, when pain is 
more centrally dominant, the exercise program may 
need to drop to below that which provokes them and 
take a backseat to techniques such as graded motor 
imagery (GM!) and 'explain pain'. This is described in 



Table 6.4 Language that may be unhelpful and and how to rephrase it (adapted from Explain Pain-see text for more detai1)5 

pain experience or interfere with 

'It's bone on bone in there.' 'Your MRI shows age- and load

appropriate changes.' 

Asymptomatic pathology is common36· 37 

and focus on pathology (that may or 

may not be relevant for the patient's 

presentation) can be negative 

'Your scan shows degeneration.' 'Your scan shows adaptations to age 

and load.' 

Conversely, targeted education that 

demonstrates adaptation can improve 

outcomes38 

'You have no core strength.' 'Your trunk muscles could be stronger.' The body has remarkable ability to 

heal/adapt and, in many cases, to 

function better than prior to a medical 

incident. Treatment should facilitate 

this 

'Your pelvis is out.' 'I am a complete idiot.' 

the GM! handbook where the GM! program is part of 
rehabilitation. When symptoms worsen, the techniques 
used are more focused on motor/ functional empathy and 
implicit motor imagery such as left/ right judgments, and 
as symptoms improve, the techniques are directed more 
towards mirror therapy and actual exposure to load. The 
start point can be established between the clinician and 
the patient by listening to their current activity and how 
well they tolerate it. Ultimately, clinicians should be 
assisting patients and athletes to restore function. 

Graded motor imagery/explain pain/cognitive 
therapy/sensory discrimination training 
Some people will not benefit from manual therapy or 
exercise as touch or movement may trigger their pain. 
In this instance, pain science education is essential. The 
goal of this approach is to help patients understand 
the concepts of threat and related body responses. 
Fundamental concepts include extinction of pain/ signal 
and desensitisation with the aim of reducing the patient's 
feelings of helplessness. 14 

Some patients may benefit from the use of mirror therapy, 
visual distortion (e.g. minimising lens), graded motor imagery 
(GM!), and strategies that stimulate sensory and motor 

OK-you can see Lorimer Moseley's 

influence here. But we are making a 

serious point and humour is a powerful 

communication tool , whether in 

textbooks or with patients 

representations with context.14. These methods are very 
well described in the book Explain Pain (see Fig. 6.6).5 

Language 
Language is a powerful tool and has potential for both 
negative and positive impacts.5• 34· 35 Skilful communica
tion can better engage a patient in his or her own care 
decisions and this can improve outcomes. Table 6.4 
provides some examples of language that may be 
considered unhelpful and how they can be rephrased. 

SUMMARY 
In many cases in sport and exercise medicine, physical 
assessment is aimed at establishing a structural diagnosis to 
guide an effective treatment plan in the hope that someone 
will fully recover. The expert clinician appreciates pain as a 
protective output, maintains a level of vigilance for when it 
is necessary to take a broader approach, assesses the various 
contributors to the patient's pain and considers secondary 
factors that may act to modulate it at the peripheral 
and/ or central levels (see Fig. 6.3). This approach, which 
incorporates advances in pain science, will mean fewer 
patients are given inappropriate treatment that is missing 
an important element of their condition. 
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Figure 6.6 'Explain pain' education, and the specific details of teaching graded motor imagery, is outside the scope of this 

book. We recommend that clinicians carefully consider this element when addressing painful conditions. 
DAVID BUTLER AND G LORIMER MOSELEY, EXPLAIN PAIN, 2003, NOIGROUP PUBLICATIONS 

REFERENCES 

References for this chapter can be found at www.mhhe.com/au/CSM5e 
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Chapter 7 

Beware: conditions that 
masquerade as sports injuries 
with NICK CARTER and MARK HUTCHINSON 

Belgian decarhlere Thomas Van der Plaersen had testicular cancer diagnosed because abnormal 
levels of the HCG hormone were detected on a routine doping rest in 2014. After rrearmenc, 

2016 saw him win the European Championships and compete at the Rio 2016 Olympic Games. 

Not every patient who presents to the sport and exercise 
medicine clinician has a sports-related condition. Sport 
and exercise medicine has its share of conditions that must 
not be missed-'red flag' conditions that may appear at first 
to be rather benign. For example, a patient diagnosed with 
a minor 'calf strain' may have a deep venous thrombosis 
or a young basketball player with proximal anterior tibia! 
pain who has been labelled as having Osgood-Schlatter 
disease may have an osteosarcoma or giant cell tumour of 
the proximal tibia. In this chapter we: 

• outline a clinical approach that should maximise your 
chances of recognising a condition that is 'masquerading' 
as a sports-related condition 

• describe some of these conditions to illustrate how they 
can present. 

HOW TO RECOGNISE A CONDITION 
MASQUERADING AS A SPORTS INJURY 
Three key factors will assist the clinician to avoid missing 
an atypical or masquerading condition. The first is keeping 
an open mind to the possibility. Too often, we become 
more rigid regarding our initial diagnosis rather than being 
open to consider other possibilities. Sometimes a fresh 
perspective from a colleague can be helpful in this regard. 

The second and perhaps most important key is obtaining 
a detailed and complete history and physical examination. 
If you do not ask the question or consider a broader 
differential diagnosis, it is impossible to pick up the subtle 
clues pointing to a less likely but masquerading condition. 
Indeed, if the concept of a masquerading condition is not 
triggered from the history and examination, it is unlikely 
that appropriate investigations to make the diagnosis will 
be ordered. For example, if a patient presents with tibia! 

pain and it is, in fact, due to hypercalcaemia secondary 
to lung cancer, a bone scan of the tibia looking for 
stress fracture will usually not help with the diagnosis, 
but a history of weight loss, occasional haemoptysis and 
associated abdominal pain may. In a basketball player with 
shoulder pain, the history of associated arm tightness and 
the physical finding of prominent superficial veins are 
important clues to axillary vein thrombosis; a grey-scale 
ultrasound scan looking for rotator cuff tendinopathy will 
not provide the diagnosis. 

PRACTICE PEARL 

In sports medicine, it may seem simple to jump to the 

obvious conclusion regarding a specific diagnosis 

but if more in-depth questions or a thorough 

physical exam are not completed, it is difficult to be 

alert to a less common or 'non-obvious' diagnosis. 

A third important key that points to masquerading 
conditions is when the clinical progression does not fit the 
pattern expected of the more common diagnosis or condition. 
When this occurs, consider alternative less common con
ditions. For example, the lingering contusion that should 
have resolved long ago could represent an underlying blood 
dyscrasia or tumour of the soft tissue or bone. 

PRACTICE PEARL 

You must ask yourself, 'Could this be a rare condition 

or unusual manifestation?' When the question is 

asked, then other options are entertained and the 

appropriate diagnosis can be conceived. 
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Ultimately, successful diagnosis of masquerading 
conditions requires keeping an open mind, performing 
a complete history and exam, and recognition of 
discrepancies between the patient's clinical features and 
clinical progress compared to what should be expected 
by the more typical diagnosis. 

Conditions masquerading as 
sports injuries 
Table 7.1 lists some of the conditions that may masquerade 
as sport and exercise medicine conditions. These are 
outlined below. 

Bone and soft tissue tumours 
Primary malignant tumours of bone and soft tissues are 
rare but when they occur it is most likely to be in the 
younger age group (second to third decade). Osteosarcoma 
can present at the distal or proximal end of long bones, 
more commonly in the lower limb, producing joint 
pain. Patients often recognise that pain is aggravated by 
activity and hence present to the sports medicine clinic. 
The pathological diagnosis of osteosarcoma is dependent 
on the detection of tumour-producing bone and so an 
X-ray may reveal a moth-eaten appearance with new bone 
formation in the soft tissues and lifting of the periosteum 
(Fig. 7.1). In young patients, the differential diagnosis 
includes osteomyelitis. It is recommended that any child 
or adolescent with bone pain be X-rayed. 

Another presentation of tumour is when a patient 
presents with a mild injury that won't get better or with 

Figure 7.1 X-ray of an osteosarcoma in the distal femur 
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an atypical finding on radiographs taken when a fracture 
occurs. If fractures occur with relatively low energy or 
when they do not have an appropriate mechanism of 
injury masqueraders should be considered. They may 
also present as progressive pain rather than pain that 
improves with rest and treatment. 

Malignant tumours (e.g. of the breast, lung and 
prostate) may metastasise to bone. Patients may not 
recognise that a previously treated malignancy could be 
related to limb pain. Breast carcinoma may also present 
as a frozen shoulder. An accurate history is, therefore, 
central to making an accurate diagnosis. Red flag signs 
for malignancy or infection include prominent night 
pain, often being woken at night with pain, fever, loss 
of appetite, weight loss and malaise. Patients exhibiting 
these symptoms should be examined and investigated 
thoroughly to determine the cause. In the sports 
population, patients with metastatic disease are more 
likely older and have more complex medical histories. 

Giant cell tumours, aneurismal bone cysts and 
unicameral bone cysts are benign or less aggressive bone 
tumours that can present in a similar fashion with pain 
and failure to resolve in a time frame expected of a simple 
contusion or traumatic injury. Osteoid osteoma is a benign 
bone tumour that often presents as exercise-related bone 
pain and tenderness and is frequently misdiagnosed 
as a stress fracture. It can occasionally be seen on plain 
radiographs (Fig. 7.2a). The bone scan appearance is 
similar to that of a stress fracture, although the isotope 
uptake is more intense and widespread. This condition is 
characterised clinically by the presence of night pain and 
by the abolition of symptoms with the use of aspirin. The 
tumour has a characteristic appearance on CT scan (Fig. 
7.2b) with a central nidus. 

Ultimately, like malignant tumours of bone, the 
examiner should be vigilant regarding atypical complaints 
and failure to progress along normal healing timelines 
expected of simple contusions, stress fractures or frank 
fractures. Care should be taken to thoroughly interpret all 
radiographs for other potential causes of bone weakening 
that led to a fracture in the first place. 

As for atypical bone pathologies, when soft tissue 
lesions present with an unusual history or do not progress 
as expected, the clinician should readily consider a broader 
differential diagnosis. 

Synovial cell sarcoma frequently involves the larger 
lower joints such as the knee and ankle. Patients present 
with pain, often at night or with activity, maybe with 
instability and swelling. As a masquerader, these present 
as chronic swelling and pain that does not resolve with 
standard treatment. Like synovial sarcoma, synovial 
chondromatosis and pigmented villonodular synovitis 
are benign tumours of the synovium I found mainly in 



Beware: conditions that masquerade as sports injuries 

Table 7.1 Conditions that may masquerade as sport and exercise medicine conditions 

Bone and soft tissue 

tumours 

Rheumatological 

Disorders of muscle 

Endocrine 

Vascular 

Genetic 

Granulomatous diseases 

Infection 

Regional pain syndromes 

• Osteosarcoma 

• Synovial sarcoma 

• Synovial chondromatosis 

• Pigmented villonodular synovitis 

• Rhabdomyosarcoma 

• Osteoid osteoma 

• Ganglion cyst 

• Inflammatory monoarthritis 

• Inflammatory polyarthritis 

• Inflammatory low back pain (e.g. sacroiliitis) 

• Enthesopathies (e.g. psoriatic, reactive arthritis) 

• Dermatomyositis 

• Polymyositis 

• Muscular dystrophy 

• Dysthyroidism 

• Hypercalcaemia 

• Hypocalcaemia 

• Hyperparathyroidism 

• Diabetes 

• Cushing's syndrome 

• Acromegaly 

• Venous thrombosis (e.g. deep venous thrombosis, axillary vein thrombosis) 

• Artery entrapment (e.g. popliteal artery entrapment) 

• Peripheral vascular disease 

• Marfan syndrome 

• Haemochromatosis 

• Tuberculosis 

• Sarcoidosis 

• Osteomyelitis 

• Septic arthritis 

• Shingles 

• Lyme disease 

• Complex regional pain syndrome 

• Fibromyalgia/myofascial pain syndrome 
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(a) (b) 

Figure 7.2 Osteoid osteoma (a) Radiograph showing sclerotic focus in distal fourth metatarsal (b) Transverse image from 

a CT scan demonstrating an osteoid osteoma. Note the lytic lesion in the anterior cortex of the femoral neck (arrow), with 

radiofrequency probe in position for ablation 

the knee, which present with mechanical symptoms, 
persistent swelling, and failure to respond to basic rest, ice 
and anti-inflammatory regimens. 

Direct trauma to muscle tissue can lead to a contusion, 
haematoma or myositis ossificans. Myositis generally 
presents with the classic history of direct trauma and 
swelling. Heat or ultrasound can exacerbate the process. 
Imaging studies show calcification within the muscle 
that should not be in continuity with the bone itself. 
Biopsies should be performed with caution, as there 
are case reports in the literature of the active edge of 
myositis ossificans being misread as osteosarcoma. Even 
less typically, trauma may result in haemorrhage into an 
indolent, underlying rhabdomyosarcoma. The clinician 
should consider alternative diagnoses in patients with 
hematomata that is slow to resolve or when the history of 
trauma does not fit with the clinical signs. 

The most common of benign soft tissue tumours are 
ganglion cysts. These cysts are lined by connective tissue, 
contain mucinous fluid and are found mainly around the 
wrist, hand, knee and foot. They may be attached to a 
joint capsule or tendon sheath and may have a connection 
to the synovial cavity. They are usually asymptomatic 
but can occasionally cause pain and cosmetic deformity 
(Chapter 26).2 However, ganglion cysts may also 
represent an important clue regarding other underlying, 
masquerading disease processes such as osteoarthritis or 
chronic tendinopathy. 
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Rheumatological conditions 
Inflammatory musculoskeletal disorders in patients 
presenting to the sports medicine clinic frequently 
masquerade as a traumatic or mechanical condition. Low 
back pain of ankylosing spondylitis, psoriatic enthesopathy3 

presenting as patellar tendinopathy or flitting arthritis in 
early rheumatoid arthritis are common examples. 

Effective management of athletes presenting with 
musculoskeletal complaints requires a structured history, 
physical examination and definitive diagnosis to distinguish 
soft tissue problems from joint problems and an inflammatory 
syndrome from a non-inflammatory syndrome. Clues to a 
systemic inflammatory aetiology may include constitutional 
symptoms, morning stiffness, elevated acute-phase reactants 
and progressive symptoms despite modification of physical 
activity. The mechanism of injury or lack thereof, is also a 
clue to any underlying disease. In these circumstances, more 
complete work-up is reasonable, including radiographs, MR 
imaging and laboratory testing for autoantibodies.4 

When patients present with an acutely swollen 
knee without a history of precipitant trauma or patellar 
tendinopathy without overload, the clinician may be 
alerted to the possibility that these could be inflammatory 
in origin. Prominent morning joint or back stiffness, night 
pain or extra-articular manifestations of rheumatological 
conditions (e.g. skin rashes, nail abnormalities- Fig. 7.3), 
bowel disturbance, eye involvement (conjunctivitis, iritis) 
or urethral discharge may all provide clues. 



Figure 7.3 Typical appearance of nails in a patient with 

psoriatic arthropathy 

Inflammation of entheses (e.g. in lateral elbow pain, 
patellar tendinopathy- Fig. 7.4, insertional Achilles ten
dinopathy and plantar fasciopathy) is almost universal 
among those with HLA (human leukocyte antigens) B27-
related, seronegative (for rheumatoid factor) arthropathies. 
Enthesopathy is usually associated with other joint or 
extra-articular involvement, although a subgroup exists 
with enthesitis as the sole presentation.2 

Muscle disorders 
Dermatomyositis and polymyositis are inflammatory 
connective tissue disorders characterised by proximal limb 
girdle weakness, often without pain. Dermatomyositis, 
unlike polymyositis, is also associated with a 
photosensitive skin rash in light-exposed areas (hands 
and face). In the older adult, dermatomyositis may be 
associated with malignancy in approximately 50% of 

Figure 7.4 Enthesopathy (such as at the distal patellar 

tendon shown here) should alert the clinician to consider 

an underlying spondyloarthropathy 

cases. The primary malignancy may be easily detectable 
or occult. In the younger adult, weakness may be 
profound (e.g. unable to rise from the floor) but in the 
early stages may manifest only as underperformance in 
training or competition. 

Dermatomyositis and polymyositis may also be 
associated with other connective tissue disorders such as 
systemic lupus erythematosus or systemic sclerosis, and 
muscle abnormality is characterised by elevated creatine 
kinase levels and electromyographic (EMG) and muscle 
biopsy changes. 

Endurance athletes may complain of myalgia and fatigue 
that is out of proportion with their training schedule. The 
differential diagnosis to explain these symptoms is broad. 
Mitochondrial myopathies, though uncommon, may present 
with cramping and muscle pain.5 Consider myoglobinuria 
in these patients. Referral to a specialist neurologist for 
investigations and diagnosis will be necessary.6 

Regional limb girdle dystrophies such as limb girdle 
dystrophy and facio-scapulo-humeral dystrophy may also 
present with proximal limb girdle weakness in young 
adults. They are also associated with characteristic 
EMG changes. Ultimately, when an athlete complains 
of muscle fatigue, aches and pains that fail to respond 
in a normal time frame expected with the patterns of 
training, a broader differential diagnosis needs to be 
considered 

Endocrine disorders 
Occasionally, the source of the masquerading symptoms 
in athletes is underlying endocrine disorders and 
pathologies. Disorders of thyroid function may present 
with a variety of rheumatological conditions.7 Proximal 
muscle weakness with elevated creatine kinase and 
fibromyalgia may develop with hypothyroidism. 
Hyperthyroidism is associated with thyroid acropachy 
(soft tissue swelling and periosteal bone changes), 
adhesive capsulitis and painless proximal muscle 
weakness.4 Hyperparathyroidism may be associated 
with the deposition of calcium pyrophosphate in joints. 
Patients may develop acute pseudogout or a polyarticular 
inflammatory arthritis resembling rheumatoid arthritis. 
X-rays of the wrists or knees may demonstrate 
chondrocalcinosis of the menisci or triangular 
fibrocartilage complex (Fig. 7.5). 

Adhesive capsulitis or septic arthritis may be the 
presenting complaint in patients with diabetes mellitus 
and those with other endocrine disorders such as 
acromegaly may develop premature osteoarthritis or carpal 
tunnel syndrome. Patients with hypercalcaemia secondary 
to malignancy (e.g. of the lung) or other conditions such as 
hyperparathyroidism can present with bone pain as well 
as constipation, confusion and renal calculi. A proximal 
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Figure 7.5 Chondrocalcinosis of the triangular 

fibrocartilage (arrow) in calcium pyrophosphate dehydrate 

deposition disease 

myopathy may develop in patients with primary Cushing's 
syndrome or after corticosteroid use. When symptoms of 
myalgia, joint stiffness and swelling do not resolve, a more 
in-depth laboratory work-up hunting for masqueraders is 
appropriate and indicated. 

Vascular disorders 
Patients with venous thrombosis or arterial abnormalities 
(Fig. 7.6) may present with limb pain and swelling 
aggravated by exercise. Calf, femoral or axillary veins 

Figure 7.6 Angiogram showing common iliac artery 

stenosis (arrow) 
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are common sites for thrombosis. While a precipitant 
cause may be apparent (e.g. recent surgery or air 
travel), consider also the thrombophilias such as the 
antiphospholipid syndrome or deficiencies of protein 
C, protein S, antithrombin III or factor V Leiden. When 
athletes with no other risk factors for thrombosis develop 
a blood clot, more extensive work-up is necessary to look 
for the masquerading underlying cause, which in turn will 
guide treatment. 

The claudicant pain of peripheral vascular disease 
is most likely to be first noticed with exercise and so 
patients may present to the sports medicine practitioner. 
Remember also that arteriopathy can occur in patients 
with diabetes. Various specific vascular entrapments are 
also found, such as popliteal artery entrapment, which 
presents as exercise-related calf pain and thoracic outlet 
syndrome. 

Genetic disorders 
Various genetic disorders have been associated with an 
increased risk of injury and in some cases catastrophic 
injuries in athletes. Ehlers Danlos with its increased 
ligamentous laxity has been associated with increased 
risk of ligament injuries. Osteogenesis imperfect has 
been associated with an increased fracture risk. Down's 
syndrome is associated with odontoid hypoplasia with 
inherent increased risk of cervical spine injuries. Marfan 
syndrome has been associated with sudden cardiac death. 
Marfan syndrome is an autosomal dominant disorder of 
fibrillin characterised by musculoskeletal, cardiac and 
ocular abnormalities.8 Musculoskeletal problems are 
common due to joint hypermobility, ligament laxity, 
scoliosis or spondylolysis. In patients with the Marfanoid 
habitus, referral for echocardiography and ophthalmological 
opinion should be considered as sudden cardiac death or 
lens dislocation may result. 

Haemochromatosis is an autosomal recessive disorder 
of iron handling, which results in iron overload. Patients 
may present with a calcium pyrophosphate arthropathy 
with characteristic involvement of the second and 
third metacarpophalangeal joints and hook-shaped 
osteophytes seen on X-ray of these joints. While ferritin 
levels are raised in patients with haemochromatosis, 
it is important to remember that ferritin may also be 
elevated in athletes taking iron supplements or in 
response to any acute inflammatory illness.9 Fasting 
transferrin levels and detection of the HFE gene are 
central to the diagnosis of inherited haemochromatosis. 
Once again, considering a broad differential diagnosis 
based on clinical presentation and history may help 
make these genetic diagnoses, which in turn will allow 
the clinician to better counsel the athlete regarding 
risks of participation in certain sports. 



Granulomatous diseases 
Granulomatous diseases such as tuberculosis and 
sarcoidosis have been called 'the great mimickers' or 
great 'masqueraders' secondary to their ability to present 
in many varied and atypical fashions. They can look like 
tumours, inflammation, infection or traumatic injuries. 
Tuberculosis is a granulomatous mycobacterial infection. 
Musculoskeletal involvement includes chronic septic 
arthritis and Port's spine fracture. 

Patients with acute sarcoidosis can present 
with fevers, lower limb (commonly) rash and ankle 
swelling. The rash of erythema nodosum (Fig. 7.7) 
may be mistaken for cellulitis and antibiotics have 
frequently been prescribed in error. The diagnosis is 
easily made by chest X-ray, which shows changes of 
bilateral hilar lymphadenopathy. The clinician should 
remember that the differential diagnosis of bilateral 
hilar lymphadenopathy includes tuberculosis and 
lymphoma. Chronic sarcoidosis is a systemic disorder 
involving the lungs, central nervous system, skin, eyes 
and musculoskeletal system. Patients can present with 
chronic arthropathy together with bone cysts or with 
bone pain due to hypercalcaemia. 

Infection 
Bone and joint infections, while uncommon, may have 
disastrous consequences if the diagnosis is missed. Bone 
pain in children, worse at night or with activity, should 
alert the clinician to the possibility of osteomyelitis. Bone 
infection near a joint may result in a reactive joint effusion. 

Septic arthritis is rare in the normal joint. In arthritic 
or diabetic joints or joints that recently underwent 
arthroscopy, sepsis is much more common. Rapid joint 
destruction may follow if left untreated. 

Even though Scaphylococcus aureus is the causative 
organism in more than 50% of cases of acute septic joints, 
it is imperative that joint aspiration for Gram stain, and 

Figure 7.7 Erythema nodosum in acute sarcoidosis. 
PHOTO COURTESY OF DR RAHEEM B KHERANI 

culture and blood cultures are taken before commencement 
of antibiotic treatment. Once-only or repeated joint lavage 
may be considered in patients receiving intravenous 
antibiotic treatment. The immunocompromised patient 
may present with a chronic septic arthritis. In this situation, 
tuberculosis or fungal infections should be considered. In 
suspected cases of septic arthritis, the patient should be 
admitted to hospital. 10 

Another cause of arthritis is Lyme disease, a common 
arthropod-borne infection in some countries including the 
US. Hallmarks of Lyme disease are erythema migrans (EM). 
disruption of electrical conduction of cardiac muscle, the 
development of neurological abnormalities and episodes 
of arthritis. Intermittent episodes of arthritis develop 
several weeks or months after infection and, despite 
adequate antibiotic therapy, symptoms persist in 10% of 
patients with arthritis. The severity of arthritis can range 
from mild to moderate inflammation of the joints and 
tendons months after infection, to a chronic, debilitating 
osteoarthropathy complete with destruction of cartilage 
and erosion of bone in a subset of these individuals within 
a few years. In severe cases, the highly inflammatory 
aspects of Lyme arthritis can lead to cartilage and bone 
erosion with permanent joint dysfunction. The diagnosis 
of Lyme disease is clinical and serological tests should be 
used to confirm the clinical diagnosis. 11 

Pain syndromes 
Complex regional pain syndrome type I is a post
traumatic phenomenon characterised by localised pain 
out of proportion to the injury, vasomotor disturbances, 
oedema and delayed recovery from injury. The vasomotor 
disturbances of an extremity manifest as vasodilatation 
(warmth, redness) or vasoconstriction (coolness, cyanosis, 
mottling).12 Early mobilisation, use of motor imagery and 
avoidance of surgery are important keys to successful 
management (see also Chapter 6 ). 

Myofascial pain syndromes develop secondary to either 
acute or overuse trauma. They present as regional pain 
associated with the presence of one or more active trigger 
points (Chapter 4). 

Fibromyalgia is a chronic pain syndrome characterised 
by widespread pain, chronic fatigue, decreased pain 
threshold, sleep disturbance, psychological distress and 
characteristic tender points. It is often associated with 
other symptoms including irritable bowel syndrome, 
dyspareunia, headache, irritable bladder, and subjective 
joint swelling and pain. Fibromyalgia is diagnosed on 
the examination finding of 11 of 18 specific tender 
point sites in a patient with widespread pain. Chronic 
fatigue syndrome has many similarities to fibromyalgia 10 

and may be the same disease process. It may present as 
excessive post-exercise muscle soreness but is always 
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associated with excessive fatigue. There is evidence that 
exercise improves global wellbeing in women with this 
condition. 13 

SUMMARY 
In summary, it IS Important for the clinician to be on 
constant alert for potential masqueraders when dealing 
with athletic injuries. Clearly, common things are common; 
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most of the time the clinician will be correct with the 
first and most likely diagnosis. However, when the history 
or physical examination is not classic and an athlete fails 
to improve and heal in the expected time frame of the 
more common diagnosis, a broader differential diagnosis 
including masquerading causes should be considered. 
Stay open minded to the potential if not likelihood of 
important masquerading pathologies. 



Chapter 8 

Introduction to clinical 
biomechanics 
with CHRISTIAN BARTON, NATALIE COLLINS and KAY CROSSLEY 

Mo Farah has nine key elements co his running technique that have allowed him co become Britain's 
greatest ever runner. 

www.telegraph.co.uk, 16 September 2013 

The term 'biomechanics' can be used in a variety of ways. 
In this book, biomechanics refers to the description, analysis 
and assessment of human movement during sporting 
activities. 1 Broadly, biomechanics can be broken into three 
categories, including 'kinematics' (movement we can see), 
'kinetics' (forces driving the movement) and 'neuromotor' 
(muscle function controlling forces and movement). This 
chapter will focus primarily on the actual movement 
occurring in the body segments (kinematics). Our approach 
can be referred to as 'subjective biomechanical analysis'. We 
aim to describe movement such as running or squatting as 
it appears to visual observation. This reflects how clinicians 
assess and treat, and it can be done with the assistance of 
video analysis and without expensive laboratory equipment. 

The aims of this chapter are to: 

• outline the basics of 'ideal' lower limb biomechanics 
• explain the ideal biomechanics with running 
• describe lower limb biomechanical assessment in the 

clinical setting 
• outline how to clinically assess footwear 
• review the best available evidence associating 

biomechanical factors with injuries, as well as sharing 
clinical opinions as to which technical factors in sports 
contribute to specific injuries 

• discuss how to manage biomechanical abnormalities 
detected in the assessment 

• explain normal and abnormal upper limb biomechanics. 

We address lower limb and upper limb biomechanics 
separately for the learner's convenience, but the experienced 
clinician will consider the close relationship between the 
upper and lower limbs during a variety of functional tasks. 

Ultimately, biomechanical evaluation should be completed 
based on task specificity to ensure the clinician is confident 
in the accuracy of information obtained. 

'IDEAL' LOWER LIMB 
BIOMECHANICS-THE BASICS 
Here we discuss ideal structural characteristics, including 
available joint range of motion and stance position. Note 
that each individual has his or her own mechanical make-up 
due to structural characteristics (anatomy), and may never 
achieve the 'ideal' position or biomechanical function. 
Table 8.1 and Figure 8.1 provide reference for ideal joint 
range of motion and planes of movement respectively. 

Lower limb joint motion 
The hip joinc is formed between the femoral head and 
acetabulum. The ball-and-socket structure of this joint 
permits motion in all three planes. 

The knee joinc is formed between the tibia! plateau and 
femoral condyles. Primarily a hinge joint, the knee allows 
flexion and extension in the sagittal plane. The knee also 
permits some rotation in the transverse plane. This secondary 
motion is particularly important to allow the knee to lock 
into an extended position for stance stability, and to unlock 
when moving into flexion for shock absorption. 

The ankle joinc (between the shank and rearfoot) 
consists primarily of two articulations, the ca/ocrua/ joinc 
and the subcalar joinc (STJ). The talocrual joint is formed 
between the talus and the mortise of the tibia and fibula 
malleoli. Its axis of motion is predominantly in the frontal 
plane which allows dorsiflexion and plantarflexion motion 
in the sagittal plane (Fig. 8.2a and b).2 
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Table 8 .1 A guide to lower limb joint ranges of motion when in neutral positions 

Hip Sagittal Supine 

Prone 

Frontal Supine 

Transverse Supine/prone±hip 

flexion/extension 

Knee Sagittal Supine 

Frontal 

Transverse Full extension 

70° flexion 

Foot and ankle (triplanar)' Sagittal Supine 

Frontal 

First metatarsophalangeal (MTP) Sagittal Supine 

Flexion = 120° 

Extension = 20° 

Abduction = 40°; adduction = 25° 

Internal rotation = 45°; externa l rotation = 45° 

Flexion = 135°; extension = 0° 

None 

None 

45° rotation 

Plantarflexion = 45°; dorsiflexion = 20° 

Supination = 45-60°; pronation = 15-30° 

Plantarflexion = 45°; dorsiflexion = 70° 

'Refers to combined motion of the talocrual, subtalar, midtarsal and metatarsal break joints 

coronal 
(frontal) plane -

sagittal plane ---

transverse plane 

\ 

Figure 8.1 Anatomical planes of the body 
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(a) 

(b) 

Figure 8.2 Axis of motion of the ankle joint (a) Superior 

view (b) Posterior view 



The STJ is formed between the calcaneus and talus. 
The three articular facets of the STJ allow for complex 
triplanar motions of pronation and supination. The axis of 
motion runs posteriorly and inferiorly in the sagittal plane 
(40-50°), and laterally in the transverse plane (20-25°)2 

(Fig. 8.3a-d). During pronation, the STJ axis provides 
primarily eversion, which is combined with dorsiflexion 
and abduction (Fig. 8.3d). During supination, the STJ axis 
provides primarily inversion, which is combined with 
plantarflexion and adduction (Fig. 8.3c). 

The midcarsal joinc is formed between the midfoot 
and rearfoot, and consists of two articulations, the 
calcaneocuboid joinc and the calonavicular joinc. These 
articulations provide two joint axes. The oblique axis 
allows large amounts of sagittal plane (dorsiflexion/plan
tarflexion) and transverse plane (abduction/adduction) 
motion, while the longitudinal axis allows small 
amounts of frontal plane (eversion and inversion) motion 
(Fig. 8.4a and b). 

Importantly, the orientation between these two 
axes allows the role of the foot to change during 

(a) 

(b) 

weight-bearing. As the rear foot evens, the two axes align 
so they are more parallel, unlocking the foot and allowing 
it to conform to the surface and/or absorb the ground 
reaction force (GRF). Conversely, as the rearfoot inverts, 
the two axes converge, locking the foot into a supinated 
position and allowing it to function as a rigid lever for 
propulsion.2 

(c) 

(d) 

Figure 8.3 Axis of motion of the subtalar joint (a) Lateral view. Angle of inclination approximately 50° to transverse plane 
(b) Superior view. Angle between axis of motion of subtalar joint and longitudinal axis of the rearfoot is approximately 15° 
(c) Supination at subtalar joint with 20° calcaneal inversion (d) Pronation at subtalar joint with 10° calcaneal inversion 
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(a) 

(b) 

Figure 8.4 Oblique and longitudinal axis of midtarsal joint 

(a) Lateral view (b) Superior view 

The midcarsa/ (or Lisfranc) joincs are formed between the 
distal tarsal bones of the midfoot (cuneiforms and cuboid) 
and the five metatarsal bones (forefoot). The axis of motion 
for these joints runs primarily in the transverse plane in an 
oblique direction (Fig. 8.Sa and b). This leads primarily to 

sagittal plane motion (flexion/extension), although some 
frontal plane motion (eversion/inversion) does occur medially 
(adduction, Fig. 8.Sc) and laterally (abduction, Fig. 8.Sd). 

The firsc mecacarsophalangea/ joinc (MTPJ) is formed 
between the head of the first metatarsal and the base of the 
proximal phalanx. The primary motion that occurs at this 
joint is in the sagittal plane (flexion/extension) (Fig. 8.6). 
In particular, extension of this joint is essential to optimise 
function of the windlass mechanism (see below) during gait. 

Ideal neutral stance position 
To examine stance position, have the patient adopt a 
normal, comfortable, standing posture. Ideal neutral 
stance occurs when the joints of the lower limbs and 
feet are symmetrically aligned, with the weight-bearing 
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(b) 

Figure 8.5 (a) midtarsal joints-the joints between 

the distal tarsal bones of the midfoot (cuneiforms and 

cuboid) and the five metatarsal bones (forefoot) (b) The 

metatarsal break (frontal plane). The axis of motion runs 

as shown (green rod) 



(c) 

(d) 

Figure 8.5 (cont.) Frontal plane motion of the metatarsal 

break showing that the forefoot can (c) adduct and 

(d) abduct 

line passing through the anterior superior iliac spine, the 
patella and the second metatarsal (Fig. 8.7). 

When the feet are in a symmetrical position, the subtalar 
(talocalcaneal) joint is neither pronated nor supinated, 
and the midtarsal joint (talonavicular and calcaneocuboid 
joints) is maximally pronated so that the first and second 
metatarsal heads are in contact with the ground. The 
long axis of the forefoot through the second metatarsal is 
perpendicular co the bisection of the heel (Fig. 8.8) and in 
line with the tibia! cuberosity. The ankle joint is neither 
plantarflexed nor dorsiflexed, and the tibia is perpendicular 

transverse axis 

Figure 8.6 Motion of the hallux around the transverse axis 

of the first metatarsophalangeal joint 

Figure 8.7 The alignment of the lower limb in neutral 

position. The weight-bearing line runs through the anterior 

superior iliac spine, patella and second metatarsal. The 

calcaneus is in line with the tibia, and the forefoot is 

perpendicular to the calcaneus 
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Figure 8.8 Normal relationship between the forefoot and 

rearfoot when the foot is in neutral stance 

to the supporting surface in the sagittal and frontal plane. 
The knee is fully extended (but not hyper extended) and 
in slight valgus alignment. The hips are in a neutral position 
(neither internally nor externally rotated, neither flexed nor 
extended). The left and right anterior superior iliac spines 
of the pelvis are level. A slight anterior tilt of the pelvis 
is normal. More specific objective descriptions of ideal 
alignment are outlined in the assessment section. 

'IDEAL' BIOMECHANICS WITH 
MOVEMENT-RUNNING 
As injury mechanisms for many overuse injuries can be 
associated with theoretically suboptimal lower limb 
biomechanics, the clinician must know how to assess 
lower limb biomechanics during running. We focus 
first on the heel strike pattern of running as this is the 
predominant pattern for the majority of runners.3 We will 
then consider how biomechanics is altered when running 
with a forefoot strike pattern. 

Although we focus on ideal running biomechanics, 
ideal walking biomechanics are similar to heel strike 
running patterns outlined below. The most important 
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biomechanical feature that distinguishes running from 
walking is the airborne or 'float' phase of running, where 
neither foot is in contact with the ground.2 Additionally, 
vertical GRFs during running are double that of walking,2• 4 

the pelvis is in greater anterior tilt,5 and sagittal plane 
excursions of the knee and hip are increased. Ultimately, 
this leads to greater stress on structures of the lower limb. 

The heel strike pattern of running can be split into 
a number of phases (Fig. 8.9), each of which will be 
discussed below. 

Loading (heel strike to foot flat) 
With the leg swinging toward the line of progression, and 
the foot supinated, the rearfoot (heel) contacts the ground 
in slight inversion (0-5°).2· 6-8 At heel strike, the pelvis is 
level, in slight anterior tilt (10°), and internally rotated; the 
hip is externally rotated (5- 10°) and flexed (20-30°); and 
the knee is flexed (10°). Due to the laterally directed line 
of the GRF produced by heel strike, a cascade of events 
occurs to assist shock absorption. First, the rearfoot begins 
to evert, accompanied by tibia! and femoral (hip) internal 
rotation, and hip adduction. This is combined with knee 
flexion, which peaks at around 45° as a result of the GRF 
line passing posterior to the knee joint.9· 10 Each of these 
motions is controlled by eccentric muscle activity which 
helps to dissipate the GRF. In addition, there may be 
contralateral pelvic drop, although this should be minimal 
(approximately 5°). 10 The gluteal musculature should 
actively control this motion and further dissipate the GRF. 

Initial rearfoot eversion also results in more parallel 
alignment of the midtarsal joints (i.e. calcaneocuboid and 
talonavicular), causing them to unlock.2 Importantly, this 
allows the forefoot to make solid contact with the ground 
at foot flat 11 and allows the foot to adapt during loading 
to potentially uneven or unstable terrain.2 

Although motions that comprise foot pronation 
are normal, they should not be excessive or rapid (i.e. 
hyperpronation). Excessive motion will place strain on 
structures designed to control foot pronation, such as the 
plantar fascia, tibialis posterior muscle and intrinsic foot 
musculature.2 Excessive pronation also increases medial 
GRF, accentuating more proximal motion at the knee, 
hip and pelvis, and increasing load on ligamentous and 
muscular structures responsible for proximal control.2 

The clinician should carefully note proximal motion 
during this early phase of stance. Excessive contralateral 
pelvic drop and/or hip adduction/internal rotation may 
increase strain on structures required to control it, such 
as the iliotibial band (1TB), gluteal musculature and tensor 
fascia latae (TFL) muscle. Additionally, this may also 
place increased or altered loading on the lumbar spine, 
tibiofemoral joint and patellofemoral joint (PFJ). Any 
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Figure 8.9 Gait cycle with phases and individual components (a) Walking (b) Running 
ADAPTED FROM DUGAN AND BHAT2 

excessive anterior tilting of the pelvis may place excessive 
strain on the lumbar spine and/or hamstring musculature, 
and may impair gluteal function. 

Conversely, inadequate pronation or excessive supi
nation may lead to an excessive or prolonged laterally 
directed GRF,2 resulting in a less mobile foot and poorer 
shock absorption capacity. This may be associated with 
lower limb stress fractures, 12 or increase the incidence of 
lateral ankle sprain and chronic ankle instability. 13• 14 

Midstance (foot flat to heel off) 
The beginning of midstance is indicated by the forefoot making 
contact with the ground, normally in a neutral transverse 
plane position (i.e. not abducted or adducted).6 Lower limb 
biomechanical function during midstance involves a transition 
from biomechanics required for shock absorption following 
loading, to biomechanics required for propulsion. During 
this time, the ankle moves towards maximal dorsiflexion 
(approximately 20°) to allow forward motion of the tibia 
and the centre of mass (COM) to pass over the stance Ieg. 15 

Excessive ankle dorsiflexion can lead to increased strain on the 
plantar fascia, Achilles tendon, and associated gastrocnemius 
and soleus musculature. At the same time, the hip and knee 
are moving from flexion towards extended positions, assisting 
forward motion of the body's COM. 

Maximal foot pronation followed by maximal ankle 
dorsiflexion should be reached immediately after 
the body's COM has passed anterior to the stance limb.11 

Peak rearfoot eversion should reach approximately 10°, 6• 16 

and peak forefoot abduction approximately 5°.6 The 
rearfoot then begins to invert and the forefoot adducts, 
causing the foot to supinate, and the tibia and femur to 
externally rotate. 11 This external rotation action is assisted 
by force transmission from the externally rotating pelvis, 
which results from momentum of the swinging contra
lateral limb. 

There are a number of things for the clinician to 
consider during this phase. Excessive pronation, or 
delayed/failed transition from shock absorption to 
propulsion actions by the lower limb, may be detrimental 
to a number of structures. Firstly, this will place excessive 
strain on structures responsible for controlling pronation 
and may increase the risk of conditions such as plantar 
fasciopathy, Achilles and tibialis posterior tendinopathies, 
proximal tibia! periostitis, or tibia! stress fractures 
due to excessive pull of the tibialis posterior and long 
flexors. Also, continued instability of the foot may lead 
to development of first MTPJ abnormalities, including 
hallux valgus, sesamoid pain and/or excessive interdigital 
compression (Morton's neuroma). If left untreated, 
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over time this instability may also lead to metatarsal or 
sesamoid stress fractures. 

More proximally, excessive or prolonged pronation 
may also result in abnormal transverse and frontal plane 
motion at the hip and knee due to a delay in external 
rotation. Ultimately, this can place excessive strain on 
many structures such as the PFJ, patellar tendon (both 
conditions discussed in Chapter 36), 1TB (Chapter 37), and 
musculature that control this motion. Conversely, the same 
proximal anomalies may result due to inadequate pelvic and 
hip control. The source of the biomechanical dysfunction 
may need to be determined through further structural and 
functional tests (see assessment section below). 

Propulsion (heel off to toe off) 
Following heel off, the foot continues to supinate. 
Importantly, as this occurs, inversion of the rearfoot 
causes the transverse tarsal joint axes to converge.2 
This convergence of joint axes causes the midfoot to 
lock into position, creating a rigid lever.2 Concurrently, 
the stance limb continues to externally rotate, the hip 
reaches maximal extension of between O and 10°,5· 15• 17 

and the knee flexes once more due to hamstring muscle 
contraction.15• 17 Additionally, acceleration of the stance 
limb is provided through plantar flexion at the ankle, 
produced by the gastrocnemius and soleus complex. 18 This 
same gastrocnemius and soleus activity, along with the 
tibialis posterior and intrinsic foot musculature activity, 
continues to actively assist supination of the foot, and 
maintain its function as a rigid lever.2 Passively, rigidity of 

the foot is supported by the windlass mechanism, that is, 
increased tension of the plantar fascia due to extension of 
the metatarsals, which pulls the calcaneus and metatarsal 
heads together (Fig. 8.10).2 By toe off, the rearfoot should 
be inverted to approximately 10°, and the forefoot 
adducted approximately 5°.6 

Failure of normal propulsion will cause an inefficient 
gait pattern. This can limit performance and predispose to 
injury for several reasons. First, the peroneal musculature 
may be forced to work harder to stabilise the medial and 
lateral columns of the foot which can lead to peroneal 
tendinopathy and/or stress fracture of the fibula. 

Second, impaired supination may lead to toe off via 
the lateral rays instead of the first ray. This may compress 
the transverse arch of the foot excessively, and lead to 
interdigital nerve compression (Morton's neuroma) and 
risk of lateral forefoot stress fracture. 

Third, reduced propulsion from the stance limb may 
increase reliance on the swing phase to produce forward 
momentum. To achieve this, the hip flexors, rectus femoris 
and iliopsoas will generate more rapid hip flexion, increasing 
the potential for tendinopathies. Additionally, to compensate 
for impaired propulsion, pelvic and trunk rotation may 
increase, leading to increased strain on spinal structures. 

Initial swing 
Following ipsilateral toe off, the body is thrust into the 
first 'float' phase where neither limb is in contact with 
the ground. Rectus femoris and iliopsoas muscle activity 
continue the forward momentum of the now swinging 

Figure 8.10 The windlass mechanism comes into play after heel off. Metatarsal extension increases tension on the plantar 

fascia, and forces the transverse tarsal joint into flexion which increases stability at push off 
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limb. 19 As the limb advances, the pelvis moves with it, 
thrusting the hip into abduction and external rotation, 
which is in turn controlled by the hip adductors. 19 The 
tibialis anterior contracts to begin dorsiflexing the foot 
in preparation for terminal swing. 19 While these motions 
continue, they are aided by the addition of a new stable 
support when the contralateral limb strikes the ground 
and commences its own loading phase. Continuation of 
normal swing at this time relies on the ability of the 
contralateral gluteal musculature to dissipate the GRF 
produced by this event and prevent the pelvis dropping 
on the swing side. Failure to do so will increase the work 
required by the hip and knee flexors to clear the swinging 
limb, possibly leading to overuse injury. 

Terminal swing 
Following contralateral toe off, the body is thrust into 
the second 'float' phase. During this time the ipsilateral 
swinging hip reaches maximal flexion (approximately 
30°),5• 9 before being brought under control by the 
hamstring and gluteal musculature. 19 The same hamstring 
activity slows the rapidly extending knee in preparation 
for heel strike. At the same time, the hip adductors, which 
have been working eccentrically to control abduction of 
the swinging limb, begin to work concentrically to adduct 
the hip and bring it toward the midline.19 

Angle and base of gait 
The angle of gait is the angle between the longitudinal 
bisection of the foot and the line of progression (Fig. 8.11). 
The normal angle of gait is approximately 10° abducted 

Figure 8.11 The angle of gait is the angle between (a) the 

long axis at the foot and (b) the line of progression. (c) Base of 

gait is the distance between the medial aspects of the heels 

from the line of progression in walking. Abducted gait 
describes an angle of gait greater than 10°. The angle of 
gait reflects the hip and tibia) transverse plane positions. 
The base of gait is the distance between the medial 
aspect of the heels (Fig. 8.11). A normal base of gait is 
approximately 2.5-3 cm. 

Changes from the normal angle and base of gait may be 
secondary to structural abnormalities or, more commonly, 
as compensation for another abnormality. For example, a 
wide base of gait may be necessary to increase stability. 
As running velocity increases, the angle and base of gait 
decrease. With faster running, the angle of gait approaches 
zero and foot strike is on the line of progression. This limits 
deviation of the COM as the lower limbs move beneath the 
body, thus allowing more efficient locomotion (Fig. 8.12). 

Line of progression 
(a) 

--

Line of progression 
(b) 

Figure 8.12 Angle and base of gait (a) Walking (b) Running 
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Landing point relative to centre of mass 
Greater distance between foot strike point and COM (i.e. 
overstride) has been reported to increase lower limb joint 
loads,20 and as a result is thought to increase the risk of 
running injury development. When measuring this clinically, 
we suggest this distance should not exceed more than one 
third of a foot length (Fig. 8.13), with greater than a foot 
length considered a marked overstride. During sprinting, the 
foot should land almost directly under the COM. 

Influence of gait velocity 
Increased gait velocity influences a number of 
biomechanical factors. As gait velocity is increased, 
greater emphasis is placed on the swinging actions of 
the upper limbs, trunk and lower limbs to produce 
forward momentum.2 This difference has significant 
implications for the flexibility and eccentric muscle 
control requirements of these structures (e.g. ipsilateral 
hamstrings strain during late swing). Greater excursion 
of the proximal joints (knee, hip and pelvis) also occurs 
with increased velocity, placing increased reliance on 
eccentric muscle control. 19• 21 At the foot and ankle, the 
bones making up the rearfoot, midfoot and forefoot all 

Figure 8.13 Heel to COM distance at initial contact during 

running 20 
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reduce their excursions in all three planes with increased 
velocity.22 This indicates the need for stiffer joint 
structures with increased speed and a greater demand on 
intrinsic foot musculature control.22 

In slower running, the stance phase takes longer than 
the swing phase. As running speed increases, stance phase 
and flight phase times approach each other until the 
stance phase becomes shorter than the swing phase in 
sprinting (Fig. 8.14).2 

Additionally, as running velocity increases, foot strike 
patterns may be altered. As mentioned previously, foot 
strike patterns are similar between slow running and 
walking for most individuals (Fig. 8.15). During faster 
running (striding), the foot may strike with the heel and 
forefoot simultaneously prior to heel off (midfoot strike), 
or may strike with the forefoot initially followed by heel 
lowering to the surface prior to heel off (forefoot strike). 
In sprinting, weight-bearing is maintained on the forefoot 
from contact to toe off, although the heel may lower to the 
supporting surface at midstance. In some individuals, this 
pattern can commence even at slower running speeds, or 
immediately upon initiation of a run. In particular, some 
habitual barefoot runners often have a natural forefoot 
strike pattern regardless of velocity.3 

Comparing heel and forefoot 
strike patterns 
Changing from a heel strike to a forefoot strike pattern 
has significant implications for lower limb biomechanics 
and assessment. This has become particularly important 

'k \iii ~ Walking t~ 

"k ~) It Jogging r,:;, 

Distance jp \I u running t -:W 

Figure 8.14 Pattern of the stance phase during different 

speeds of walking and running 
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Figure 8.15 The swing and stance phases of running 

to clinical practice with the recent popularity of Born to 

Run23 and many runners choosing to transition from a 
habitual heel to a forefoot strike. Firstly, forefoot strike 
patterns result in slight plantar flexion of the foot at 
impact, followed by dorsiflexion as the heel lowers to 
the ground.2 This means that the ankle joint is more 
compliant and able to absorb GRF in the sagittal plane, 
and can lead to a reduction in vertical GRF and loading 
rates following foot strike.3· 6 Additionally, forefoot 
striking has also been reported to reduce knee and hip 
joint loads, and these changes are often used to justify 
transition toward a forefoot strike for hip and knee 
injuries.24 However, concurrent increases to joint loads 
at the ankle indicate potential detrimental increases to 
tissue stresses distally,24 which fits with many anecdotal 
reports of Achilles tendinopathy, plantar fasciopathy and 
metatarsal stress fractures as a result of transitioning from 
heel to forefoot strike. 

Influence of fatigue on running 
biomechanics 
Some runners will report pain that only occurs following 
prolonged activity. For example, an individual with 
patellofemoral pain (Chapter 36) may report no pain during 
the early stages of a run, but cease running due to severe 
pain after five kilometres. This can make clinical assessment 
difficult, since the condition may result from suboptimal 
biomechanics that only occur with fatigue. For example, 
excessive hip adduction during running in the individual 
with patellofemoral pain may occur due to poor gluteal 
muscle endurance. Therefore, the clinician should evaluate 
functional biomechanics both at baseline and following 
fatigue and/or onset of pain. In the clinical setting, this 
means scheduling the appointment so that the patient can 
be seen before and immediately after a run, or having them 
run to a fatigued state before attending the clinic. 

LOWER LIMB BIOMECHANICAL 
ASSESSMENT IN THE CLINICAL SETTING 
This section aims to help the junior clinician develop a 
routine for efficient lower limb biomechanical assessment. 
There is no single best way to assess biomechanics and 
the experienced clinician will vary his or her assessment 
depending on the clinical presentation. 

For this example, consider the patient to have 
patellofemoral pain- a condition that warrants assessment 
of the entire kinetic chain. 

PRACTICE PEARL 

Two guiding principles will help with the efficiency of 

the office assessment and ensure it is appropriately 

comprehensive. 

1. Examine from distal to proximal (start at the foot and 

then examine proximally to the pelvis and trunk). 

2. Examine the patient in 'static stance' first 

before increasingly challenging him or her with 

'functional' tests before moving to fully 'dynamic' 

or 'sport-specific' tests as appropriate (see 

Fig. 8.16 for the concept of the hierarchy). These 

terms are explained below. 

Thorough biomechanical assessment may require the 
patient to stand, walk, run, land on two feet and land on 
one leg only. Assessment during 'function' (playing sports, 
executing certain sporting activities such as a kick or a 
pirouette) may also be relevant. 

We explain each of these steps in the order that many 
experienced clinicians perform the assessment. The major 
elements in the assessment are: 
• structural (static) biomechanical assessment (Fig. 8.17a-g) 
• functional lower limb tests- single-leg stance, heel raise, 

squat and landing (Fig. 8. l 8a-g) 
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Static 
stance 

Simple 
functional 

Dynamic 
movements 

Sport-specific 
activity 

ACTIVITY 

A good starting place. The patient stands in a comfortable position, 
weight centrally distributed over both feet (see also Fig . 8.17a-g). 

This refers to a group of simple movements in isolation
single-leg standing, single-leg heel raise, sing le-leg squat, step 
down, hopping and landing (see also Fig . 8.18a-g). 

Thi s refers to activities such as running . Thi s may need to be done 
outside the office on an adjacent track, park or car park depending 
on w hat is availab le. 

If the ath lete is a basketball player, ballet dancer, or pole vau lter (for 
example), the clinician may also need to observe the athlete 
performing sporting activities that are relevant to the presenting 
comp laint. 

Figure 8.16 An overview to guide lower limb biomechanical assessment (See also Figures 8.17 and 8.18.) 

• assessment of a patient's running biomechanics 
('dynamic assessment') 

• detailed sport-specific tests as indicated by the above 
tests and the clinical presentation. 

Structural ('static') biomechanical 
assessment 
The clinician performs the assessment of static stance 
by critically viewing the foot, ankle, knee and pelvis 
(Fig. 8.17a). 
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Foot 
Inspect the foot subjectively (does it look abnormal?), 
quantify posture using the six item Foot Posture Index 
(FPI) below and also pay attention to first MTP range of 
motion (Fig. 8.17b). 

Foot Posture Index 
Quantify standing foot posture objectively with the FPI, 
a test that reflects foot posture at the rearfoot, midfoot 
and forefoot, as well as an overall impression of foot 



(a) 

(b) 

Figure 8.17 Static assessment of the lower limb (a) 

With the patient in this comfortable position, static 

stance examination begins at the foot. The examiner 

then assesses the ankle, knee and hip/pelvis 

(b) Jack's test for first MTPJ dorsiflexion range of 

motion. Normal range of motion is approximately 50° 

relative to the floor 

The Foot Posture Index 26-a rapid, quantitative measure of static foot biomechanics 

Each of the six items in the FPI is scored as -2 (highly 

supinated), -1 (supinated), O (neutral), + 1 (pronated) or +2 

(highly pronated); this leads to sums between - 12 (highly 

supinated) and + 12 (highly pronated). 26 

Talar head palpation 

The talar head is palpated on the anterior aspect of the 

ankle. If the head can be felt equally on the medial and lateral 

side, a neutral score (0) is given. If greater prominence is 

felt medially, a pronated score is given (+2 defined by only 

medial prominence felt) and if greater prominence is felt 

laterally, a supinated score is given (-2 defined by only lateral 

prominence felt) . 

Supra and infra lateral malleolar curvature 

A neutral score for this item is given if the curves above 

and below the lateral malleolus are equal when viewed 

posteriorly. If the curve above the malleolus is flatter, a 

pronated score is given (+2 defined by completely flat) and if 

the curve below the malleolus is flatter, a supinated score is 

given (-2 defined by completely flat). 

Calcaneal frontal plane position 

A neutral score is given if the rearfoot is perpendicular to the 

floor. A more valgus rearfoot relative to the floor is given a 

pronated score (+2 defined by >5°) and a more varus rearfoot 

relative to the fioor is given a supinated score (-2 defined 

by > 5°). 

Bulging in the region of the talonavicular joint (TNJ) 

A neutral score is given if the sk in immediately superficial 

to the TNJ is fl at. If the TNJ is bulging, a pronated score is 

given (+2 defined by marked bulging) and if the TNJ area is 

concave (indented) a supinated score is given (-2 defined by 

marked concavity). 

Height and congruence of the medial longitudinal arch 

A neutral score is given if the arch shape is uniform and 

similarly shaped to the circumference of a circle. If the arch is 

flattened and lowered, a pronated score is given (+2 defined 

by the mid-portion of the arch making contact with the fioor). If 

the arch is high , a supinated score is given (-2 defined by an 

acutely angled posterior end of the arch). 

Abduction/adduction of the forefoot on the rearfoot 

A neutral score is given when the forefoot can be seen 

equally on the medial and lateral side when viewed from 

behind the axis of the rearfoot. If more of the forefoot is visible 

laterally than medially, a pronated score is given (+2 defined 

by only lateral forefoot visible) and if more of the forefoot is 

visible medially than laterally, a supinated score is given 

(-2 defined by only medial forefoot visible). 

The total FPI score for the normal healthy population is 2.4 

(i.e. slightly pronated). 28 Thus, scores of Oto +5 are considered 

neutral. A score of +6 to +9 is considered pronated, ~+ 10 highly 

pronated, -1 to -4 supinated and -5 to -12 highly supinated. 
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type. It requires no equipment and takes approximately 
2 minutes to complete.25· 26· 27 

Additional background information about the FPI, 
including definitions and pictures of various foot types for 
each item, are shown in the user guide and manual.25 Note 
that, as with any clinical skill, training and experience are 
important. The clinician should rate at least 30 individuals 
with a broad range of foot types before applying the FPI 
clinically.29, 30, 3 i 

Jack's test for first metatarsophalangeal joint 
(MTPJ) range (plantar fascia integrity) 
The clinician can rapidly assess the first MTPJ and also the 
integrity of the plantar fascia using 'Jack's test' (Fig. 8. l 7b).32 

The normal range of first MTPJ dorsiflexion motion 
should be around 50° relative to the floor. As the first ray 
dorsiflexes, tightening of an intact plantar fascia should 
cause the rearfoot to invert. If the rearfoot does not move, 
it suggests poor plantar fascia integrity which can result 
in inadequate supination during the propulsive phase of 
gait. Additionally, increased resistance to or a reduction in 

(c) 

motion may result from the presence of a valgus aligned 
forefoot.33 Both these structural issues can be corrected 
using orthoses, taping and/ or corrective exercise. 

Ankle dorsiflexion 
Accurate ankle dorsiflexion in weight-bearing using an 
inclinometer provides a more useful measure of range 
of motion at this important joint than does a rough 
assessment when the patient is lying on a treatment 
couch. This ankle biomechanical assessment is best done 
with the knee both extended and flexed (Fig. 8.17 c 
and d). Normal ankle dorsiflexion range with the knee 
flexed is 45° and with the knee extended is 40°.30 We 
recommend that clinicians have an inclinometer readily 
available (Fig. 8.17c and d)- it adds a great deal of accuracy 
to measurements and reduces assessment time. 

An alternative way of quickly assessing weight-bearing 
ankle dorsiflexion is to have the patient perform the 
'knee-to-wall' test (Fig. 8. l 7e). This provides an efficient 
outcome measure for ankle dorsiflexion range when 
gastrocnemius tightness is not a concern and this can be 

(d) 

Figure 8.17 (cont.) (c) Assessing ankle dorsiflexion in weight-bearing with the knee extended (d) Assessing ankle dorsiflexion 
in weight-bearing with the knee flexed 
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(e) 

Figure 8.17 (cont.) (e) The knee-to-wall test. It is useful 

to have a line on the floor that continues up the wall. The 

patient lines up their second toe and mid-calcaneus on the 

horizontal line and lunges their patella toward the vertical 

line. This minimises the likelihood of going into pronation to 

achieve greater range of motion (ROM). The distance from 

the wall to the second toe is recorded 

PRACTICE PEARL 

If ankle dorsiflexion range differs in knee extension 
and flexion by more than 5°, it suggests there is 

limitation of dorsiflexion with the knee extended; this 

points to gastrocnemius tightness. If foot pronation 

is excessive to achieve normal ankle dorsiflexion 

range (i.e. 45°) with the knee bent, excessive 

pronation may be occurring during functional 

activities to achieve full functional movement (e.g . 

when running). 

particularly useful following lateral ankle sprain. With 
the knee-to-wall test, clinicians can determine whether 
there are side-to-side differences or if ankle dorsiflexion is 
restricted. 'Normal' values will vary depending on the size 
of the patient and their sport-specific demands, but, as a 
general rule of thumb, the distance from the wall to the 
second toe should be greater than 8- 10 cm. 

Assessment of tibiofemoral alignment 
at the knee 
Tibiofemoral joint alignment may reflect genu varum or 
valgum (Fig. 8. l 7f and g). This can also be measured using 
an inclinometer, which compares favourably to the gold 
standard radiographic measure.34 

Leg length assessment 
Discrepancies in leg length are extremely common, existing 
in up to 70% of the normal population.35 Nevertheless, leg 
length discrepancy has long been thought to be a risk 
factor for a range of musculoskeletal conditions, including 
low back pain, hip and knee osteoarthritis, and lower limb 
stress fractures. 35• 36 

Laboratory studies have shown that leg length 
differences alter the distribution of mechanical 
stress within the body, particularly by increasing 
the magnitude of forces through the shorter limb.37 

However, prospective risk-factor studies in athletes 
are lacking and what constitutes a clinically significant 
leg length difference remains unknown. Subsequently, 
the extent to which leg length differences should be 

(f) 

Figure 8.17 (cont.) Static assessment of the lower limb

alignment at the knee (f) Genu varum 
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(g) 

Figure 8.17 (cont.) (g) Genu valgum 

corrected in athletes remains a source of controversy, 
with opinions ranging from 3 mm to 22 mm.38 We 
recommend that clinicians take a 'treatment direction 
test' approach (see below) and adopt corrections if they 
substantially change symptoms. 

Leg length can be measured in a variety of ways, 
including clinical measures using a tape measure in 
standing (anterior superior iliac spine or ASIS to floor) 
and in supine (ASIS to medial malleolus). However, 
these methods may be inaccurate, with reports of 
poor inter- and intra-rarer reliability and errors of up 
to 20 mm compared to radiographic imaging.38 There 
are a number of radiographic techniques to evaluate 
leg length differences, including magnetic resonance 
imaging (MRI), computed tomography (CT) 'scanograms' 
and standing full leg radiograph. Each of these methods 
has demonstrated high accuracy with average errors of 
less than 2 mm.39 

Summary of static assessment 
The 'static' biomechanical assessment of the foot, ankle 
and knee provides a substantial amount of valuable clinical 
information and can be completed within 5 minutes. 
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Possible mechanisms that underpin common clinical 
observations are shown in Table 8.2. 

Functional lower limb tests 
The next step is to assess simple functional movements. 
The patient should do these tests both with and without 
sporting footwear where appropriate. This will help the 
clinician determine whether the individual's footwear 
is detrimental, beneficial or has no effect on functional 
biomechanics. 

Single-leg stance with progressions 
The single-leg stance test begins to challenge lower 
limb balance and proprioception (Fig. 8.18a). Inability to 
maintain the single-leg stance position is likely to carry 
over to suboptimal biomechanics during sporting activity. 
The patient performs this test with (i) eyes open, (ii) eyes 
closed and (iii) challenged further by also performing a 
single heel raise. Depending on the balance requirements 
for the individual, once balance can be maintained in 
single-leg stance for at least 10 seconds, balance can be 
assessed using more challenging activities, including 
variations in surfaces and ability to adapt to internal and 
external perturbations. 

(a) 

Figure 8.18 Functional assessment of the lower limb. 

(a) Single-leg stance to evaluate alignment and control 



Table 8 .2 Common lower limb biomechanical observations, possible mechanisms and confirmatory assessments 

.. -

Excessive or asymmetrical pelvic Inadequate ROM (hip) 

or trunk movement (frontal, 

transverse, sagittal planes) 

Clinical ROM tests with inclinometer (Chapter 31 ); 

figure '4' test 

Inadequate strength (abdominals, lumbopelvic Manual muscle tests 

muscles, hip abductors) 

Altered neuromotor control (hip abductors, 

lumbopelvic muscles) 

Biofeedback 

Decreased muscle length (hamstrings, rectus Muscle length tests 

abdominis, rectus femoris) 

Lumbar spine/sacroiliac joint stiffness/pain 

Increased hip adduction/femoral Structural (femoral anteversion) 

internal rotation 

Inadequate ROM (hip) 

Inadequate strength (hip external rotators, 

abductors) 

Altered neuromotor control (hip external 

rotators , hip abductors) 

Increased apparent knee valgus Structural (genu varum, tibial varum , coxa 

varum) 

Inadequate ROM (hip) 

Joint palpation 

Radiographic: MRI, X-ray 

Clinical assessment 

Clinical ROM tests with inclinometer (Chapter 31 ); 

figure '4 ' test 

Manual muscle test (Chapter 31) or hand-held 

dynamometry 

Biofeedback 

Imaging: MRI, X-ray 

Clinical assessment: goniometer, inclinometer 

ROM tests: clinical (Chapter 31) inclinometer; 

figure '4' test 

Inadequate strength (hip external rotators, hip Manual muscle test (Chapter 31) or hand-held 

Ankle equinus 

Excessive or prolonged foot 

pronation 

Excessive or prolonged foot 

supination 

Reduced propulsion 

abductors, quadriceps, hamstrings) dynamometry 

Active gluteal and tensor fasciae latae 

trigger points 

Altered neuromotor control (hip external Biofeedback 

rotators , hip abductors, lumbopelvic muscles) Active gluteal and TFL trigger points 

Inadequate ROM (ankle) 

Tight gastrocnemius or soleus 

Pronated foot type 

Impaired windlass mechanism 

Tibialis posterior weakness 

Ankle equinus 

Leg length discrepancy (structural or 

functional) 

Supinated foot type 

Chronic ankle instability 

Leg length discrepancy (structural or 

functional) 

Impaired windlass mechanism 

Tibialis posterior weakness 

Pronated foot type 

ROM tests 

ROM tests with knee flexed and extended 

(Fig. 8.17c and d) 

FPI 

Jack's test (Fig. 8.17b) 

Single-leg heel raise; manual muscle test; 

inability to form arch 

Ankle dorsiflexion measures 

Clinical measurement and radiographic imaging 

FPI 

Ankle ligament integrity tests 

Clinical measurement and radiographic imaging 

Jack's test (Fig. 8.17b) 

Single-leg heel raise; manual muscle test; 

inability to form arch 

FPI 

ROM = range o f motion; FPI = foot pronation index 
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Single-leg heel raise (with a focus on tibialis 
posterior function) 
Tibialis posterior is an under-recognised contributor 
to normal lower limb biomechanics- it is particularly 
important for control of foot pronation and helps stabilise 
the plantar arch during activity. Through its attachments 
to the navicular, cuneiforms, cuboid and bases of the 
second to fourth metatarsals, tibialis posterior inverts 
the subtalar joint. It is a primary dynamic stabiliser of 
the foot against eversion forces and is also important for 
propulsion. 

A simple functional test, the single-leg heel raise, tests 
the ability of tibialis posterior to re-supinate the foot 
during propulsion of gait (Fig. 8.18b). Tibialis posterior 
muscle weakness will manifest as an inability to rise up 
through the medial aspect of the foot and invert the 
rearfoot toward the end of the heel raise. (Note that 
the same procedure can be prescribed as a therapeutic 
exercise when deficits are observed- this may initially 
require the use of support or starting in bilateral stance). 

If tibialis posterior problems or excessive dynamic foot 
pronation are suspected, the 'arch form' test can be used 

(b) 

Figure 8.18 (cont.) (b) Single-leg heel raise. Look for signs 

of tibialis posterior weakness, including (i) inability to rise 

through the medial arch or (ii) failure of the heel to invert 
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to evaluate the capacity of the intrinsic muscles of the 
foot and tibialis posterior to control the foot during stance 
in gait. The patient is instructed to gently lift up the 
inside arch while pushing the first metatarsophalangeal 
joint into the ground. The clinician can monitor 
performance by placing a finger underneath the joint to 
ensure sufficient downward pressure. The patient should 
be able to maintain this for 10 seconds. As above, the 
procedure provides a therapeutic exercise when deficits 
are observed. Note that the arch form test would not 
necessarily be part of a routine rapid biomechanical 
assessment- it provides additional information if this is 
warranted (e.g. if the patient demonstrates excessive or 
rapid foot pronation). 

Single-leg squat to assess knee, hip and trunk 
muscle function 
The continuum of activities from single-leg squat (at 
approximately 45° knee flexion), step down, hopping, to 
landing, provides a logical progression to the lower limb 
biomechanical assessment. There are many variations 
for performing a single-leg squat, including depth (knee 
flexion angle), arm position (crossed, hands on hips, no 
constraints) and posture of the unsupported leg (in front, 
behind) (Fig. 8.18c and d). Clinicians should ensure that 
they always use the same technique. 

Assessment of hip and trunk function 
Five main observations may indicate altered hip or trunk 
muscle function. The first four can be observed from 
in front of the athlete and the fifth is an overall 
assessment.40 

Trunk 
Trunk lean (and/or rotation) toward the stance leg may be 
an adaptation to altered control of hip abduction/rotation 
or trunk lateral flexion/rotation. This may be observed as 
a more lateral position of the shoulder, relative to the hip 
(Table 8.2, Fig. 8.18d). 

Pelvis and hip 
Altered control of hip abduction/rotation or trunk lateral 
flexion/rotation may present as either (a) inability to 
maintain a level pelvis or (b) ipsilateral shift of a level 
pelvis. Both presentations may be observed as a lateral 
hip (ASIS), relative to the knee (hip adduction) and may 
also be referred to as a Trendelenburg sign' (Table 8.2, 
Fig. 8.18d). 

Knee 
Does the centre of the knee remain over the centre of the 
foot? If the knee deviates toward a more medial position 
(relative to the foot), this is an indication of increased 



(c) 

Figure 8.18 (cont.) Single-leg squat (c) Good form (d) Poor form 

hip internal rotation and/or adduction and appears as 
an apparent knee valgus posture. Increased hip internal 
rotation/adduction may result from altered control of hip 
muscles (e.g. hip external rotators) (Table 8.2). 

Overall impression 
An individual with altered hip/trunk muscle function may 
exhibit global signs, such as poor quality of movement/ 
coordination, inability to squat to the desired depth, or 
inability to control speed, depth and balance. 

Landing-specific considerations 
There are a number of ways to evaluate single-leg and 
double-leg landing biomechanics in the clinical setting. 
The clinician should determine what is appropriate taking 
into account the individual's sporting requirements and 
injury history. It may be more appropriate to evaluate 
single-leg landing if a higher-functioning athlete presents 
with a lower limb injury. The single-leg landing may be 
the best way to identify biomechanical deficiencies such 
as increased knee abduction, and decreased knee, hip and 
trunk flexion. 

Conversely, in individuals recovering from injury and/ 
or surgery, double-leg landing may be a more appropriate 

(d) 

test so that healing tissue does not receive excessive stress. 
It may also be important to evaluate landing performance 
both pre- and post-exercise, since fatigue is associated 
with increased knee abduction and reduced knee flexion 
during landing.41 • 42 

We suggest evaluating both double-leg and single-leg 
landing using a drop landing assessment from a 30 cm 
high platform (Fig. 8.18e-g). The clinician should observe 
the landing pattern for signs of reduced knee and hip 
flexion and/or an abnormally erect landing posture. 
Apparent knee valgus is another movement to observe. 
Maximum knee valgus should reach approximately 10° 
for females and 5° for males for both tests from this 
height.43 Excessive valgus and/or the presence of a heavy 
landing pattern involving minimal knee, hip and trunk 
flexion may increase the risk of future knee injury or 
re-injury, such as non-contact anterior cruciate ligament 
injuries. 

As with running and squatting assessment, video 
footage can be used for more in-depth analysis of double
leg and single-leg landing. The clinician can use slow
motion replay and computer software packages to gain a 
more accurate picture of the degree of knee valgus during 
landing. 
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(e) 

(f) 
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(g) 

Dynamic movement assessment 
(e.g. running biomechanics) 
A key to clinical biomechanical assessment is careful 
observation of functional movement. Running is a 
component of many sports and the clinician should 
have an effective method to assess for biomechanical 
problems associated with running. As a clinician, 
look for obvious deviations from the ideal running 
pattern, and use this to guide further assessment and 
treatment decisions. Common deviations and possible 
implications to injury are outlined in the 'ideal' 
biomechanics with movement- running' section. If 
possible, observe athletes participating in their sport. If 
necessary, sport-specific skills can be broken down into 
component movements to simplify observation in the 
clinic. Furthermore, functional clinical tests outlined 
in this chapter may provide insight into biomechanics 
during more sport-specific tasks when they cannot be 
evaluated in the clinical setting. For example, excessive 

Figure 8.18 (cont.) (e) Starting position for single-leg 

landing (f) View from the front (g) View from the side 



hip adduction during the completion of a single-leg 
squat may be indicative of excessive hip adduction 
during running and landing. 

To detect sub-optimal biomechanics with the naked 
eye takes years of training and experience. Video analysis 
can provide valuable information from multiple views 
and assist the clinician greatly. This is usually done by 
having the patient run on a treadmill. Reflective markers 
can be added to identify anatomical landmarks and bony 
alignment. Video footage can then be slowed on a replay 
and this may reveal otherwise hidden abnormalities. A 
number of freely available computer software programs 
can also assist with this analysis. Examples include 
Hudl and Kinovea. The source of any biomechanical 
abnormalities may be further investigated by a thorough 
clinical assessment. 

Sport-specific assessment 
A detailed sport-specific assessment may help identify 
factors causing or contributing to injury. It is therefore 
important that clinicians understand the normal bio
mechanics of their patient's sport, as well as the normal 
range of variability between athletes. We encourage 
clinicians to collaborate closely with coaches and sport 
scientists when performing sport-specific assessments. 

Sport-specific biomechanical issues thought to be 
associated with injury are examined in Chapter 9 for a 
range of different sports. 

Summary of the lower limb biomechanical 
assessment 
To iterate how we opened this section, there is no 
single way to perform the lower limb biomechanical 

Table 8 .3 Footwear assessment-general structure and fit 

Fit Inadequate width or depth 

assessment- it will vary by clinical specialty (e.g. 
physiotherapy, podiatry, medicine, exercise physiology). 
Also, the clinical problem will influence the order of the 
assessment and the relative emphasis on various elements. 
In this introductory chapter, we have focused on general 
lower limb biomechanics. This would apply, for example, 
to a patient with patellofemoral pain. The assessment may 
differ for other conditions. 

CLINICAL ASSESSMENT OF 
FOOTWEAR-THE FOOTWEAR 
ASSESSMENT TOOL 
Footwear assessment is a vital component of the lower 
limb biomechanical evaluation. The Footwear Assessment 
Tool is a freely available six item template to guide the 
clinician when assessing footwear.44 The tool focuses 
on general structure and fit (Table 8.3), motion control 
properties and wear patterns. 

Motion control is particularly important for excessive 
pronators. Footwear properties that influence motion 
control include heel counter stiffness, midfoot torsional 
and sagittal stability, and type of fixation (e.g. lacing). 
These properties can be quantified using the motion 
control properties scale outlined below (Table 8.4).44 

Scores range from O to 9, with 9 indicating the highest 
level of motion control. 

The wear pattern of a shoe can provide insight into 
the biomechanics of gait. Medial tilt of the upper, medial 
compression of the midsole and greater medial than 
lateral wear of the outsole (Fig. 8.19) indicate excessive 
pronation. Lateral tilt of the upper, lateral compression of 
the midsole, and greater lateral than medial wear of the 
outsole reflect excessive supination. 

Joint compression (e.g. Morton's neuroma) 

Restriction of normal foot function 

Pitch Difference between heel height and Small pitch may not be suitable for someone with ankle 

forefoot height (typical range 0-14 mm) equinus 

Last Straight last (0-5°) 

Curve last(> 15°) 

Forefoot sole flexion point Shou ld line up with the first MTPJ 

Large pitch may increase likelihood of overstride and impair 

attempts to transition to midfoot or forefoot strike 

Accommodates a pronated foot 

Accommodates a supinated foot 

If too proximal, shoe stability may be impaired. If too distal , 

normal sagittal plane motion of the first MTPJ may be 

impaired, which can be problematic in the presence of poor 

intrinsic foot and tibialis posterior strength and function 

105 



Table 8.4 Motion control properties scale44 

Fixation (upper to foot) None 

Heel counter stiffness No heel counter 

Midfoot sagittal stability Minimal 

Midfoot torsional stability Minimal 

Minimal = >45°; moderate = <45°; rig id = <10° 

(a) 

Alternative to laces 

(e.g. strap, Velcro, zip) 

Minimal 

Moderate 

Moderate 

(b) 

Laces (at least 3 eyelets) 

Moderate Rigid 

Rigid 

Rigid 

Figure 8.19 Shoe wear patterns-running shoe (a) with medial compression of the upper (b) With excessive pronation, there 

is greater wear on the medial than the lateral sole 

CONDITIONS RELATED TO SUBOPTIMAL 
LOWER LIMB BIOMECHANICS 
Conventional wisdom has linked suboptimal lower 
limb biomechanics with various injuries, but there is 
a lack of prospective empirical evidence to confirm 
that biomechanical factors increase risk for lower limb 
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injuries.45 Thus, for now, most biomechanical 'risk factors' 
have only level 3 to 5 evidence (Chapter 2). 

Table 8.5 lists common lower limb injuries, common 
clinical considerations and evidence to support these 
considerations. It contains the 'best available evidence' at 
March 2016. 



Table 8 .5 Best available evidence for the association between common lower limb overuse injuries and biomechanics 

(as at October 2016) 

Sesamoiditis 

Plantar fasciopathy 

Achilles tendinopathy 

Lateral ankle spra in , chronic ankle instability 

Peroneal tendinopathy 

Medial shin pain 

(medial tibia! stress syndrome, 

shin splints) 

Patellar tendinopathy 

Patellofemoral pain syndrome 

lliotibial band syndrome 

Adductor tendinopathy 

Supinated foot type46 • 47 

Pronated foot type 

Forefoot valgus, plantar flexed first ray47 

Decreased ankle DF/a nkle equinus47 

Limited first ray range of motion 

Pronated foot type48- 50 

Decreased ankle DF/ankle equinus49• 51 • 52 

Increased ankle DF48 

Supinated foot type53 

Leg length difference53 

Increased subtalar j o int inversion54 

Increased ankle DF55 

Decreased gastrocnemius length54 

Supinated foot type56 

Pronated foot type56· 57 

Prolonged pronation58 

Decreased ankle DF59 

Increased first MTPJ extension58, 60 

Increased ankle inversion at heel strike 13· 14 

Supinated foot type61 

Pronated foot type62- 64 

Increased ankle PF65 

Supinated foot type66 

Decreased ankle OF/ankle equinus.67 

Decreased hip IR68 

Decreased quadriceps and hamstrings fiexibility69 

Anteriorly tilted patella 70 

Pronated foot type 

Supinated foot type 

Pronated foot type71 

Hypermobile patella 72 

Decreased quadriceps fiexibi lity72 

Increased hip IR (passive and dynamic)71 

Decreased knee flexion (dynamic, e.g. jump-landing)71 

Increased knee abduction moment73· 74 

Increased Q angle75 

Increased hip adduction (dynamic, e.g . running)76 

Decreased hamstrings flexibil lty77 

Increased hip adduction (dynamic, e.g. running)78 

Increased knee IR (dynam ic, e.g. run ning)78 

Increased knee flexlon at heel strlke79 

Increased velocity of knee IR (dynamic, e.g. running)79 

Increased maximal foot inversion 79 

Decreased tota l hip rotation (IR, ER)80 

continued 
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Table 8.5 Cont. 

Metatarsal stress fractures 

Tarsal stress fractures 

Navicular stress fractures 

Fibular stress fractures 

Tibial stress fractures 

Femoral stress fractures 

Unspecified lower limb stress fractures 

Pronated foot type 12 

Increased subta lar joint inversion 54 

Supinated foot type 

Increased subtalar joint inversion 54 

Pronated foot type 

Ankle equ inus 

Supinated foot type 

Pronated foot type 

Supinated foot type 12 

Supinated foot type 12 

Decreased subtalar joint inversion 54 

Pronated foot type54 

Supinated foot type54 

Increased hip ER81 

Leg length difference82 

Evidence is included from the highest quality studies (i.e. if there is evidence from a prospective study, evidence from case-control 

studies are not included) 
Blue = supported by prospective findings 

Orange= supported by case-control or retrospective fin d ings 

Black= no/inconclusive evidence, clinical opinion 

DF = dorsiflexion; PF = plantarflexion; IR = internal rotation; ER = external rotation 

MANAGEMENT OF LOWER LIMB 
BIOMECHANICAL ABNORMALITIES 
The next major theme of this chapter introduces manage
ment strategies to address biomechanical problems. There 
is increasing evidence about the role of therapies such as 
foot orthoses, footwear, taping, exercise and movement 
retraining to improve a patient's biomechanics. This 
section provides a background perspective and then 
chapters in Part B will address specific conditions. Here 
we focus mostly on interventions that affect the foot and 
lower leg. 

Biofeedback and movement pattern 
retraining 
In this chapter, we have described a number of suboptimal 
biomechanics or movement patterns which may be identified 
during assessment of an injured athlete. Of particular note, 
ideal running biomechanics and potential abnormalities have 
been described in some detail. In recent years, evidence 
supporting movement pattern retraining during running 
to manage lower limb injuries has begun to emerge.83 

This includes case series supporting visual and verbal 
biofeedback to reduce peak hip adduction in individuals 
with patellofemoral pain (PFP),84· 85 and to transition from 
rearfoot to forefoot or midfoot strike pattern in individuals 
with anterior chronic exertional lower leg pain.86· 87 
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Recent evidence suggests that exercise interventions 
are unlikely to change actual running mechanics. This 
highlights the potential importance of using biofeedback 
to facilitate movement pattern retraining. For example, 
hip abductor strengthening does not appear to reduce 
peak hip adduction during running,88-90 a variable linked 
to PFP9 1 and iliotibial band syndrome92 injury risk. 
Importantly, movement pattern retraining can also be 
used for other activities such as walking, stair negotiation, 
squatting and sit to stand; the key is to identify a potential 
movement pattern which may be increasing stress on 
the injured tissue, and implement biofeedback to alter 
the movement pattern and reduce stress. This should be 
guided by both clinical reasoning and reported changes 
in symptoms from the patient. A number of suggestions 
for common running injuries are provided in Table 8.6. 
When teaching your patients movement pattern changes, 
it is vitally important to consider the effect this may have 
on other structures. For example, transition from heel to 
forefoot strike will reduce load on the knee and hip, but 
will likely increase load on the foot and ankle.83 

Simple clinical biofeedback methods can be divided 
into visual (mirror, video, etc.) and verbal (i.e. instructions). 
Visual biofeedback can be very important in the early stages 
of movement pattern retraining to ensure that the patient 
understands their faults and how to change them. Previously 



Table 8 .6 Running retraining considerations for common lower limb injuries based on current evidence and expert 

opinion (from Barton et al.)83 

Exertional lower leg pain Increasing step rate, strategies to reduce overstride and land softer, and transition from 

rearfoot to forefoot or midfoot strike 

Plantar fasciopathy Increasing step rate, strategies to reduce overstride and land softer 

Achilles tendinopathy and calf pain Strategies to reduce overstride, increase lower limb stiffness (i.e. reduce ankle dorsiflexion) 

and increase hip extension 

Medial tibial stress syndrome Increasing step rate, strategies to reduce overstride and land softer, reduce hip adduction 

and scissoring and increase hip extension 

Patellofemoral pain Increasing step rate, strategies to reduce overstride and land softer, reduce hip adduction 

and internal rotation, transition from rearfoot to forefoot or midfoot strike 

lliotibial band syndrome Reduce hip adduction and scissoring 

Patellar tendinopathy Strategies to reduce overstride and land softer, and transition from rearfoot to forefoot or 

midfoot strike 

Hamstring injury, including proximal 

hamstring tendinopathy 

Strategies to reduce overstride and land softer, and reduce anterior pelvic tilt and knee 

extension at foot strike 

Gluteal tendinopathy Increasing step rate , strategies to reduce overstride and land softer, reduce hip adduction 

and internal rotation, and reduce contralateral pelvic drop 

published case series supporting the potential effectiveness 
of movement pattern retraining during running have all used 
some form of visual biofeedback. However, continued use 
in the field (e.g. using mirrors during over-ground running 
to reduce hip adduction) may be impractical, meaning we 
recommend concurrent use of verbal cues (e.g. instruction 
to run with knees pointing out) which can be used both in 
the early stages of rehabilitation and following progression 
into the field. Follow-up to ensure appropriate changes is 
essential in these circumstances, so that an athlete does not 
develop new maladaptive movement patterns or revert to 
their habitual pattern. 

More complex biofeedback options are becoming 
easier to access in clinical practice. Clinicians can now 
access simple, small and affordable technologies to 
quantify movement analysis during assessment and 
provide feedback to patients during rehabilitation. One 
example of this is the ViMove™ (dorsaVi). This system 
has integrated movement and muscle sensors, and comes 
with software to allow the clinician to quickly analyse 
collected data and provide results to patients. Clinical 
electromyography (EMG) has been used clinically for 
many years to provide patients with real-time feedback 
regarding muscle activation patterns and magnitude. 
With technology in this area continuously and rapidly 
evolving, clinicians who are interested in incorporating 
more quantitative measures of biomechanics into their 
clinical practice should regularly review the literature and 
the internet for emerging technologies. 

Foot orthoses 
Foot orthoses (in-shoe devices) are used extensively in 
sports medicine to optimise lower limb function.93 In this 
section we: 
• review the various types of orthoses available 
• introduce the debate about their mechanism of action 
• highlight that there is high quality evidence for their 

effectiveness 
• share three main approaches to deciding how to fit an 

orchosis for a specific patient. 

Types of foot orthoses 
Foot orchoses range in material from soft or flexible to semi
rigid devices, and may be prefabricated or custom-fabricated. 
Prefabricated or 'off the shelf' foot orthoses (Fig. 8.20a) are 
usually fabricated from materials such as EVA, polyurethane, 
cork or rubber. The devices' generic shape can be 
customised a little to the individual via heat moulding or 
the addition of wedges or heel raises. Prefabricated orthoses 
provide a quick and cheap intervention, but their limited 
potential for customisation and inability to achieve total 
plantar contact may restrict their use in some patients. 

Custom-fabricated foot orchoses (Fig. 8.20b) are 
manufactured from a three-dimensional representation 
of the individual's foot using plaster impressions or laser
scanning devices. Custom foot orthoses may accommodate 
specific structural anomalies more effectively than 
prefabricated orthoses. Most often, custom foot orthoses 
are manufactured from polypropylene and carbon-fibre 
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(a) (b) 

Figure 8.20 Orthoses (a) Prefabricated or 'off the shelf' orthoses (b) Custom-fabricated or casted orthoses 

composites. As such, they are generally more rigid than 
prefabricated orthoses and are often perceived to provide 
more effective biomechanical control. Their prescription 
requires a higher level of expertise and specific equipment. 
In the sports and exercise medicine setting, a podiatrist will 
typically prescribe custom-fabricated foot orthoses, which 
will be manufactured in a laboratory. The prescription will 
typically contain information regarding materials to be 
used, extent of accommodative postings and shoe fit. In 
the laboratory, a solid model of the foot is manufactured 
from the three-dimensional representation. Additional 
material is added to provide the appropriate level (degrees) 
of control. The material of choice is then vacuum-pressed 
onto the model and covered to suit the individual. 

To date, no study has identified an advantage for 
custom-fabricated devices over prefabricated orthoses 
when managing lower limb conditions.93 The following 
factors should influence the recommendation for a 
particular type of orthosis. 

• If the patient wears a wide range of footwear during 
trammg and competition, the custom-fabricated 
orthosis has an advantage as it can be designed to fit 
a wide range of footwear; prefabricated devices may 
need to be modified to fit in specific footwear. 

• If the patient participates in sports that involve repetitive 
landing, a softer or more flexible device minimises the 
risk of arch discomfort or blistering. Furthermore, many 
athletes do not tolerate large degrees of arch support 
from orthoses. In these circumstances, it is often helpful 
to reduce the arch contour. 

• The difference in cost may be an important determinant 
for some patients, although the more expensive custom 
orthosis also has greater durability. It is not unusual for 
a custom orthosis to last 5 years or more. 

• There is generally a several-week interval between 
fitting and supply of custom orthoses, particularly 
when manufactured off site. Once the patient has the 
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orthosis, there may be a further 'wearing-in' period to 
prevent adverse effects. This means that there may 
be a delay in attaining the full therapeutic benefits of 
the intervention. It may be appropriate to prescribe a 
prefabricated device for the interim period. 

• Other considerations include the patient's body mass 
(a more rigid orthosis may be required for people with 
greater body weight, due to higher forces through the 
foot) and personal preference. 

Mechanism of action-an unfinished story 
Traditional dogma was that foot orthoses controlled foot 
motion, and thus improved biomechanical efficiency 
and balanced loads on structures more appropriately. 
However, this is now in dispute. Some studies indicate 
that foot orthoses can influence foot motion,94-96 while 
others show that they impart no systematic effects on 
foot motion.97· 98 It is important to keep in mind that 
the majority of studies on foot orthoses, mechanisms of 
action have been conducted on healthy, asymptomatic 
participants, and that people with pain or injury may have 
different biomechanical responses to foot orthoses. 

Alternative paradigms relating to shock absorption and 
neuromuscular effects99 include: (i) that the cushioning 
effect of orthoses attenuates the impact force that 
occurs when the foot hits the ground;100- 102 and (ii) that 
the input provided by foot orthoses through their total 
contact with the plantar surface of the foot stimulates the 
neuromuscular system, which may reduce muscle activity 
and fatigue, and optimise performance. 103- 105 This is an 
exciting area of investigation which we will follow closely 
over the next few years. 

Orthoses are effective-high quality evidence 
is accumulating 
Irrespective of how foot orthoses exert their clinical 
effects, evidence from systematic reviews (level 1) and 



controlled clinical trials (level 2) supports their use in a 
variety of conditions related to suboptimal lower limb 
biomechanics (Table 8.7). See Chapter 2 for a discussion 
of levels of evidence. 

Three contemporary approaches for fitting 
an orthosis 
Although evidence is accumulating that specific types of 
orthoses are effective in specific settings to treat specific 
clinical conditions, it is still difficult to recommend a 
'gold standard' approach to prescribing orthoses. This part 
of our clinical approach remains an art based on limited 
science- as it is in many situations across healthcare. Thus, 
the clinician should integrate the research findings that 

provide support for some approaches (see below), and also 
take into account the clinical assessment findings, previous 
clinical experience with the condition and the type of 
patient, as well as the patient's preferred orthosis type. 

The traditional approach-Root and the goal 
of 'subtalar joint neutral' 
Merton Root developed the functional foot orthosis in 
the 1950s and l 960s.124 He proposed that subtalar joint 
neutral served as a standard position to evaluate structural 
relationships in the foot 124 and that this position 
represented normal foot alignment during the midstance 
and heel-off phases of gait. 125 Unfortunately, the alignment 
measures proposed by Root are unreliable and the subtalar 

Table 8.7 Best available evidence for the use of foot orthoses in the management of common lower limb conditions 

11.-•1•1•11•1•1• ■ 

.. . .... -
Lower limb overuse conditions (stress fractures, ankle sprains, 

foot and ankle problems) 

Stress fractures (femoral, tibial, unspecified) 

.. . 

Patellofemoral pain syndrome 

Chronic musculoskeletal pain associated with pes cavus 

Achilles tendinopathy 

Plantar fasciopathy 

Tibialis posterior tendinopathy 

Lower limb overuse conditions (varied) 

Lateral ankle sprain/chronic ankle instability 

Medial shin pain (medial tibial stress syndrome, shin splints) 

Sesamoiditis 

Peroneal tendinopathy 

Patellar tendinopathy 

lliotibial band friction syndrome 

Blue = supported by systematic reviews or randomised controlled trials 

Orange= supported by non randomised stu dies and case series 

Black= expert opinion, clinical guidelines 

Red = current evidence is contrary to common clinical consideration 

-LU.i:=--••-· . 

Prefabricated, 

custom-fabricated 

Custom-fabricated , 

shock-absorbing 

Prefabricated 

Custom-fabricated 

Custom-fabricated 

Prefabricated 

Custom-fabricated 

Custom-fabricated 

Custom-fabricated 

Custom-fabricated 

Prefabricated 

Custom-fabricated 

Custom-fabricated 

Custom-fabricated 

Custom-fabricated 
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1 Collins93 
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2 Trotter 118 

3 Guskiewicz 119 

Orteza 120 
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joint is not in neutral during midstance. 125 Nevertheless, 
this approach to casting orthoses has been associated with 
many successful clinical outcomes and it remains one of 
the most common ways of prescribing orthoses. 126 

Treatment direction test 
Professor Bill Vicenzino 127 proposed a 'treatment direction 
test' (TOT) to prescribe and apply foot orthoses for lower 
limb musculoskeletal disorders that have a biomechanical 
association. The TOT complements the 'tissue-stress 
model' of McPoil and Hunt, 125 in that it seeks to identify 
symptomatic tissues under excessive loads and reduce 
these loads using an external physical modality. This 
may consist of adhesive strapping tape, temporary felt 
orthoses, or prefabricated foot orthoses with or without 
add-on wedges. The modality is selected based on what 
the clinician identifies as an aberrant movement pattern 
such as excessive or prolonged pronation. 

The quality and pain-free quantity of a patient
specific aggravating activity is assessed with and without 
the external modality. For example, the single-leg 
squat is suitable for patellofemoral pain, while a single
or double-leg heel raise test is more appropriate for 
Achilles tendinopathy. An improvement in the quality 
of movement or an increase in pain-free repetitions of 
at least 75% indicates a high likelihood of success with 
subsequent prescription of orthoses. The reliability and 
validity of the TOT is under review. 

Comfort 
Nigg et al. 104 proposed that comfortable devices (orthoses, 
footwear) that support the skeleton's preferred movement 
path could reduce muscle activity and resulting fatigue, and 
thus, improve performance. Vicenzino and colleagues128 

proposed a model of prescription for prefabricated foot 
orthoses based on patient comfort. Once the patient 
reports comfort, the clinician can further modify the 
device to improve pain-free performance of an aggravating 
functional task, while aiming to maintain comfort. The 
first clinical trial to utilise this method reported greater 
than 80% success with orthoses over a I-year period. 129 

Irrespective of the long-term outcome of this branch 
of research, comfort should always be an important 
consideration for all foot orthoses prescribed. If the device 
is not comfortable, there is a risk of skin blistering and/ 
or new foot pain. Also, any device that is perceived to be 
uncomfortable is likely to lead to poor patient compliance. 

Footwear as a therapy rather than as a cause 
of injury! 
When considering any intervention addressing suboptimal 
lower limb biomechanics, the potential influence of 
footwear should be considered (see also 'Clinical assessment 
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of footwear' earlier in this chapter). Consider how the 
current footwear influences the patient's condition, how 
footwear interacts with other treatment (e.g. foot orthoses) 
and whether altering footwear characteristics can help 
treat the condition. 

Footwear fit is particularly important when prescribing 
orthoses. If an orthosis is added to a shoe that has 
inadequate room, it may result in forefoot pain or limit 
the time the orthosis is worn. Remember that athletes 
often wear a range of shoes in training and competition
check all of them! 

If the patient's shoe has suboptimal motion control (e.g. 
minimal heel counter stiffness) leading to excessive foot 
pronation, shoe replacement may be the best treatment. 
Footwear with greater heel counter stiffness, midfoot 
sole rigidity, adequate lacing and possibly a multiple 
density sole (i.e. increased density on the medial aspect 
of the shoe) may reduce excessive foot motion. Footwear 
support can also be enhanced by education on how to 
complete loop lacing (Fig. 8.21). Such changes in relation 
to footwear may reduce the need for foot orthoses. 

Taping 
Adhesive strapping tape (Chapter 17) is a temporary 
intervention to address lower limb biomechanical issues. 
Anti-pronation tape is commonly used to treat plantar fascio
pathy (Chapter 43) and patellofemoral pain (Chapter 36). 

One of the most commonly used techniques for lower 
limb musculoskeletal pain is the Augmented low-Dye. 
This consists of the original low-Dye 130 (anchor running 
horizontally around the heel from the head of the fifth to 
the head of the first metatarsal, with strips of tape under 

(a) 

Figure 8.21 (a) Lock-lacing to prevent heel slippage. Lace 

the shoe normally until the second set of eyelets. Then feed 

the laces into the top eyelet on the same side. Now cross 

each lace over, and feed through the loop formed between 

the first and second eyelet on the opposite side. Laces 

should then be pulled and tied as normal 



(b) 

Figure 8 .21 (cont.) (b) Loop to create a snug fit. After lacing, 

put each lace end back through the last hole to create a 

small loop on the top side of the shoe. Then thread each 

loose end through the loop on the opposite side and tighten 

the foot directed laterally to medially to support the arch, 
Fig. 8.22a), which is augmented with reverse sixes and 
calcaneal slings anchored to the lower leg127 (Fig. 8.22b). 

Anti·pronation tape has both biomechanical and 
neuromuscular effects during static and dynamic tasks. 13 1 

Specifically, it increases navicular and medial longitudinal 
arch height, reduces tibia! internal rotation and calcaneal 
eversion, alters patterns of plantar pressure, and reduces 
activity of particular leg muscles. 13 1 

Techniques such as patellar taping may also alleviate 
symptoms associated with PFJ biomechanics. 132• 133 It is 
important to be aware of skin breakdown associated with 
prolonged use of tape, particularly in athletes involved in 
vigorous activity and implement appropriate strategies to 
prevent this. 

A team approach to biomechanical correction 

In this box, we emphasise that clinicians working together 

can address biomechanical factors more effectively than one 

clinician working alone. 

Exercises and functional retraining 

Exercises and functional retraining should always be 

considered when managing lower limb biomechanical issues. 

All clinicians in sport and exercise medicine should appreciate 

the influence of muscle imbalance to biomechanical 

abnormalities. Thus, excessive tightness of muscles such 

as the psoas, tensor fascia latae, hip adductors, hamstrings 

and gastrocnemius can be addressed using exercises such 

as static and dynamic stretches, in conjunction with other 

modalities such as massage, heat or dry needling . 

(a) 

(b) 

Figure 8.22 (a) Low-Dye taping can be used to restrict 

subtalar pronation (b) The addition of calcaneal slings and 

reverse sixes anchored to distal leg can augment low-Dye 

taping127 

Muscle weakness or incoordination requires strengthening 

and retraining exercises, as follows. 

• Dysfunction of the abdominals, gluteus medius and 

minimus, hip external rotators , vastus medialis obliquus 

and tibialis posterior should be considered in the patient 

with suboptimal lower limb biomechanics. While non 

weight-bearing exercises may be used initially, they 

should be progressed to functional weight-bearing 

positions as soon as possible. 

• Once optimal static muscle activation has been achieved, 

exercises can be progressed by adding lower limb 

movements, resistance (e.g. dumbbells, resistance bands) or 

stability challenges (e.g. exercise balls, single-limb stance). 

continued 
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• Motor control exercises of the hip and foot are useful 

to promote optimal alignment of the lower limb in the 

sagittal, frontal and transverse planes, as well as ideal 

muscle recruitment patterns. 

• Exercises that incorporate the lower limb in its closed 

kinetic chain function include the single-leg squat, 

single-leg heel raise, sing le-leg stance and arch form. 

• The next stage involves integration of this new contro l 

into functional activities, such as running, land ing or 

sport-specific skills. Small components of the overall 

movement should be incorporated init ially, along with 

specific instruction and feedback. These movements 

may need to be performed slowly to allow them to 

be integrated successfully into the functional activity 

(Chapter 18). 

UPPER LIMB BIOMECHANICS 
with W . BEN KIBLER 

Correct biomechanics is as important in upper limb 
activities as it is in lower limb activities. For example, 
repeated throwing places tremendous stresses on the 
upper limb, especially the shoulder and elbow joints. 135 

Throwing, however, is a 'whole body activity', involving 
the transfer of momentum from the body to the object 
being thrown. The following section uses baseball 
pitching as a model; however, the principles described are 
relevant to other overhead sports activities, such as the 
javelin throw, volleyball spike and tennis serve. 

The biomechanics of throwing 
Throwing is a whole body activity that commences with 
drive from the large leg muscles and rotation of the hips, 
and progresses through segmental rotation of the trunk 
and shoulder girdle. It continues with a 'whip-like' transfer 
of momentum through elbow extension and through 
the small muscles of the forearm and hand, transferring 
propulsive force to the ball. 

The skilled clinician should assess both the scapulohumeral 
and the truncal mechanics in a throwing athlete. The role of 
the scapula in throwing is discussed in more detail below, 
and the back, trunk and hips serve as a centre of rotation and 
a transfer link from the legs to the shoulder. 

Throwing can be divided into four phases: 

I. 

2. 

3. 
4. 
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Preparation/ wind-up 
Cocking 
Acceleration 
Deceleration/follow-through 

80% time sequence 

2% time sequence 
18% time sequence 

Attend to the ent ire k inetic chain 

It is important to consider the potential causes and effects of 

suboptima l biomechanics on the entire neuromusculoskeletal 

system. For example: 

• ankle joint stiffness may contribute to altered 

biomechanics during gait or occur as a consequence of 

ca lf muscle imbalance 

• joint pain or stiffness can be addressed with active or 

passive mobilisation of peripheral or vertebral joints or 

'mobilisation with movement' 134 

• increased neural mechanosensitivity can be managed 

with appropriate exercises, as wel l as correction of 

possible causes such as spinal hypomobility. 

Other interventions aimed at reducing pain, such as 

pharmacotherapy, electrotherapy and dry needling may 

facilitate optimal performance of exercises (Chapter 17). 

Wind-up 
Wind-up (Fig. 8.23) establishes the rhythm of the throw. 
During wind-up, the body rotates so that the hip and 
shoulders are at 90° to the target. The major forces arise 
in the lower half of the body and develop a forward
moving 'controlled fall. ' In pitching, hip flexion of the lead 
leg raises the centre of gravity. The wind-up phase lasts 
500- 1000 milliseconds. During this phase, muscles of the 
shoulder are relatively inactive. 

Cocking 
The cocking movement (Fig. 8.24) positions the body to 
enable all body segments to contribute to ball propulsion. 
In cocking, the shoulder moves into abduction through 
full horizontal extension and then into maximal external 
rotation. When the scapula is maximally retracted, the 
acromion starts to elevate. With maximal external rotation, 
the shoulder is 'loaded', with the anterior capsule coiled 
tightly in the apprehension position storing elastic energy. 
The internal rotators are stretched. 136 At this stage, anterior 
joint forces are maximal and can exceed 350 newtons (N). 

Toward the end of cocking, the static anterior restraints 
(anterior inferior glenohumeral ligament and anterior 
inferior capsule) are under the greatest strain. Because 
of the repetitive nature of throwing, these structures 
can become attenuated, leading to subtle instability.137 

In the trunk, tensile forces increase in the abdomen, hip 
extensors and spine, with the lead hip internally rotating 
just prior to ground contact. 

The cocking phase ends with the planting of the lead 
leg, with the body positioned for energy transfer through 
the legs, trunk and arms to the ball. This phase also lasts 
500-1000 milliseconds. The wind-up and cocking phases 



Figure 8.23 Throwing-wind-up 

together constitute 80% of the duration of the pitch 
(approximately 1500 milliseconds). 

Shoulder cocking continues with the counterclockwise 
rotation of the pelvis and trunk (when a right-handed 
thrower is viewed from above), which abruptly places the 
arm behind the body in an externally rotated position. 

Lateral trunk flexion determines the degree of arm 
abduction. When viewed in the frontal plane, the relative 
abduction of the humerus to the long axis of the trunk is 
a fairly constant 90-100°, regardless of style. The overhand 
athlete leans contralaterally, while the 'side-arm' or 
'submarine' thrower actually leans toward the throwing 
arm. Rotation of the trunk also aids in abduction. Although 
the muscles of the shoulder produce little abduction 
during the early cocking phase of a well-executed throw, 
the periscapular muscles are quite active. The force 
couple between the upper trapezius and serratus initiates 
acromial elevation and the lower trapezius maintains 
elevation at abduction angles greater than 65°. 

Acceleration 
The acceleration phase (Fig. 8.25) is extremely explosive. 
It consists of the rapid release of two forces- the stored 
elastic force of the tightly bound fibrous tissue of the 

Figure 8.24 Throwing-cocking 

capsule, and forceful internal rotation from the internal 
rotators (subscapularis, pectoralis major, latissimus 
dorsi and teres major). This generates high forces at the 
glenohumeral articulation, 138 creating high demands on 
the cuff musculature to keep the humeral head located 
in the glenoid. 

Large muscles outside the rotator cuff are responsible 
for the subsequent acceleration of the arm. This includes 
muscles of the anterior chest wall as well as the muscles and 
fascia that surround the spine. The critical role of the muscles 
controlling scapulothoracic motion- scapular positioning and 
stabilisation against the thorax- is discussed below. 

At the shoulder, acceleration is the shortest phase of 
the throwing motion, lasting only 50 milliseconds (2% of 
the overall time). In both the acceleration and the late 
cocking phases, muscle fatigue (which is accelerated if 
there is mild instability due to attenuated static restraints) 
can lead to loss of coordinated rotator cuff motion and, 
thus, decreased anterior shoulder wall support. 

The acceleration phase concludes with ball release, 
which occurs at approximately ear level. The movements 
involved in acceleration place enormous valgus forces 
on the elbow, which tends to lag behind the inwardly 
rotating shoulder. 
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Figure 8.25 Throwing-acceleration 

Deceleration/follow-through 
Not all the momentum of the throw is transferred 
to the ball. In the deceleration/ follow-through phase 
(Fig. 8.26), large forces pull forward on the glenohumeral 
joint following ball release, which stresses the posterior 
shoulder structures. During this time both intrinsic and 
extrinsic shoulder muscles fire at significant percentages 
of their maximum, attempting to develop in excess of 
500 N to slow the arm down. The force tending to pull 
the humerus out of the shoulder socket can exceed 500 N 
(roughly equivalent to 135 kg). The eccentric contraction 
of the rotator cuff external rotators decelerates the 
rapid internal rotation of the shoulder, as does eccentric 
contraction of the scapular stabilisers and posterior 
deltoid. In the properly thrown pitch, the spine and its 
associated musculature have a significant role as a force 
attenuator. 

Toward the end of the pitching motion, the torso, 
having decelerated so the arm could acquire kinetic 
energy in the arm acceleration phase, begins to rotate 
forward. The forward rotation of this larger link segment 
helps to reacquire some of this energy. This theoretically 
reduces the burden on the serratus anterior and other 
stabilisers, which are attempting to eccentrically maintain 
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Figure 8.26 Throwing-deceleration/follow-through 

the position of the scapula and maintain the humeral head 
within the glenoid. 

In addition to the high stresses on the posterior 
shoulder structures, this phase places large stresses on 
the elbow flexors that act to limit rapid elbow extension. 
This phase lasts approximately 350 milliseconds and 
constitutes approximately 18% of the total time. 

The role of the trunk in throwing is clear. When 
trunk motion is inhibited or the potential GRF reduced, 
throwing velocity is markedly lower. With a normal 
overhead throw rated at 100%, peak velocities dropped 
to 84% when a forward stride was not allowed and down 
to 63.5% and 53.1% when the lower body and lower 
body plus trunk were restricted, respectively. 139 Peak 
ball-release velocities attained by water polo players are 
approximately half the velocity that a thrown baseball 
might reach on land where a GRF can be generated. 

The kinetic chain 
The 'kinetic chain' is a term clinicians use to make the 
point that optimal function of a distal structure relies on 
well-functioning proximal elements. Consider the hand/ 
fingers in throwing as a 'distal' structure. The kinetic 
chain that underpins successful throwing includes the 



lower limb (the very beginning of the 'chain'), the muscles 
that envelop the torso, the scapula and shoulder muscles 
and finally the upper arm and forearm that connect to 
the hand (Fig. 8.27). It does not require much imagination 
to see these elements (links) working like a whip' or a 
dynamic 'chain' to allow very speedy release of a baseball, 
cricket ball or tennis ball (with the racquet extending the 
chain even further). 

Let us illustrate the concept more specifically using 
the scapula as a model. It links the proximal-to-distal 
sequencing of velocity, energy and forces that optimise 
shoulder function. For most shoulder activities this 
sequencing starts at the ground. Individual body segments, 
or links, move in a coordinated way to generate, summate 
and transfer force through various body segments to the 
terminal link. Large proximal body segments provide the 
bulk of the force. 

Why is the kinetic chain concept important for 
clinicians? Because it highlights that treatment cannot 
merely address local symptoms. Right shoulder tendon 
pain in a right arm bowling/ throwing athlete may arise 
because of calf muscle weakness, hip joint tightness and 
in coordination of the scapular movements. Clinicians 
must look for causes of symptoms along the entire kinetic 
chain and treat all contributing links. 

Normal biomechanics of the scapula 
in throwing 
In recent years, the importance of the scapula in normal 
throwing biomechanics has been increasingly recognised. 
For optimal shoulder function and to decrease injury risk, 
the scapula must move in a coordinated way (Fig. 8.28). 
This section outlines Ben Kibler's 140 description of 
the role of the scapula in throwing (Table 8.8). If the 
clinician understands the normal scapular biomechanics, 

Time 

Figure 8.27 The kinetic chain in throwing 

Figure 8.28 Normal scapulothoracic rhythm allows the 

scapula to rotate upwardly during abduction, bringing the 

glenoid fossa directly under the humeral head to lend 

stability to the glenohumeral joint 

Table 8.8 Scapular function in normal shoulder 
mechanics 

1. Provides a stable socket for the humerus 

2. Retracts and protracts along the thoracic wall 

3. Rotates to elevate the acromion 

4. Provides a base for muscle attachment 

5. Provides a key link in the kinetic chain 

he or she will be then able to detect abnormal scapular 
biomechanics in patients with upper limb injuries. 

The scapula provides a stable socket for 
the humerus 
In normal shoulder function, the scapula forms a stable 
base for glenohumeral articulation. The glenoid is the 
socket of the ball-and-socket glenohumeral joint. Thus, 
the scapula must rotate as the humerus moves so that 
the centre of rotation of the glenohumeral joint remains 
optimal throughout the throwing or serving motion. 
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This coordinated movement keeps the angle between 
the glenoid and the humerus within the physiologically 
tolerable or 'safe zone', which extends about 30° of 
extension or flexion from neutral. In this range, there is 
maximal 'concavity/compression' of the glenohumeral 
joint, and the muscle constraints around the shoulder 
are also enhanced. The maximal concavity/compression 
results from the slightly negative intra-articular pressure 
of the normal joint, with optimal positioning of the 
glenoid in relation to the humerus and coordinated 
muscle activity. 

The scapula must retract and protract along 
the thoracic wall 
In the cocking phase of throwing (as well as in the tennis 
serve and swimming recovery), the scapula retracts (see 
above). Once acceleration begins, the scapula protracts 
smoothly laterally and then anteriorly around the thoracic 
wall to keep the scapula in a normal position relative to 
the humerus and also to dissipate some of the deceleration 
forces that occur in follow-through. 

The scapula rotates to elevate the acromion 
As almost all throwing and serving activities occur with 
a humerus-to-spine angle of between 85° and 100° of 
abduction, the scapula must tilt upwards to clear the 
acromion from the rotator cuff. 

The scapula provides a base for 
muscle attachment 
Stabilising muscles attach to the medial, superior and 
inferior borders of the scapula to control its position and 
motion. The extrinsic muscles (deltoid, biceps and triceps) 
attach along the lateral aspect of the scapula and perform 
gross motor activities of the glenohumeral joint. The 
intrinsic muscles of the rotator cuff attach along the entire 
surface of the scapula and work most efficiently with the 
arm between 70° and 100° of abduction. In this position, 
they form a 'compressor cuff' locating the humeral head 
into the socket. 

The scapula provides a key link in the 
kinetic chain 
The scapula is pivotal in transferring the large forces and 
high energy from the legs, back and trunk to the arm and 
the hand. Forces generated in the proximal segments are 
transferred efficiently and are regulated as they go through 
the funnel of the shoulder when the scapula provides a 
stable and controlled platform. The entire arm rotates as 
a unit around the stable base of the glenohumeral socket. 

Thus, the scapula performs various interrelated 
functions to maintain the normal glenohumeral path and 

118 

provide a stable base for muscular function. Abnormalities 
in scapular function that predispose to injury are discussed 
below. 

Abnormal scapular biomechanics 
and physiology 
The scapular roles can be altered by many anatomical 
factors to create abnormal biomechanics and physiology, 
both locally and in the kinetic chain (Table 8.9). 

Clinical significance of scapular 
biomechanics in shoulder injuries 
Abnormal shoulder biomechanics can compromise 
normal shoulder function. This observation has been 
given various descriptive titles, such as 'scapulothoracic 
dyskinesis', 'floating scapula' or 'lateral scapular slide'. It 
is important for the clinician to recognise that these are 
merely titles for the same phenomenon, that is, abnormal 
scapular function. We provide examples of how abnormal 
biomechanics can cause shoulder and elbow problems. 

Lack of full retraction of the scapula on the thorax 
destabilises the cocking point and prevents acceleration out 
of a fully cocked position. Lack of full scapular protraction 
increases the deceleration forces on the shoulder and 
alters the normal safe zone between the glenoid and 
the humerus as the arm moves through the acceleration 
phase. Too much protraction because of tightness in the 
glenohumeral capsule causes impingement as the scapula 
rotates down and forward. These cumulatively lead 
to abnormalities in concavity/compression due to the 
changes in the safe zone of the glenohumeral angle. 

Loss of coordinated retraction/protraction in throwing 
opens up the front of the glenohumeral joint and, thus, 
provides an insufficient anterior bony buttress to anterior 
translation of the humeral head. This increases shear stress 
on the rest of the anterior stabilising structure-the labrum 
and glenohumeral ligaments-which further decreases the 
stability of the glenoid for the rotating humerus. 

Lack of acromial elevation leads to impingement in 
the cocking and follow-through phases. Impingement can 
also occur secondary to painful shoulder conditions that 
inhibit the function of the serratus and lower trapezius 
muscles. As these muscles normally act as a force couple 
to elevate the acromion, their inhibition commonly causes 
impingement. Thus, detecting and, if necessary, reversing 
serratus and trapezius inhibition is an important step in 
treating shoulder conditions. 

If the scapula is unstable, the lack of an anchor affects 
the function of all scapula muscles. Muscles without 
a stable origin cannot develop appropriate or maximal 
torque and are predisposed to suffering muscular 
imbalance. If the scapula is truly unstable on the thoracic 



Table 8 .9 Alterations to scapular function 

Cervical spine lordosis 

Thoracic spine kyphosis 

Shoulder asymmetry (i.e. drooping of the shoulder or 'tennis 

shoulder') 

Injuries of scapula, clavicle 

'Abnormalities ,n muscle function 

Overuse, direct trauma, glenohumeral causes (instability, 

labral lesions, arthrosis) 

Glenohumeral inflexibility, posterior (capsular or muscular) 

Nerve injury (causes less than 5% of abnormal muscle 

function in shoulder problems) 

wall, as in spinal accessory nerve palsies or in extremely 
inhibited muscles, then the muscle origins and insertions 
are effectively reversed, and the distal end of the muscle 
becomes the origin. The scapula is then pulled laterally by 
the muscle, which contracts from the more stable distal 
humeral end rather than from the proximal scapular end. 
A further problem of the unstable scapula is that it does 
not provide a stable base for glenohumeral rotation during 
link sequencing. Therefore, the arm works on an unstable 
platform and loses mechanical efficiency. 

One of the most important scapular biomechanical 
abnormalities is the loss of the link function in the kinetic 
chain. The kinetic chain permits efficient transfer of 
energy and force to the hand. The scapula and shoulder 
funnel forces from the large segments, the legs and trunk, 
to the smaller, rapidly moving small segments of the arm. 

Scapular dysfunction impairs force transmission from 
the lower to the upper extremity. This reduces the force 
delivered to the hand or creates a situation of 'catch 
up' in which the more distal links have to overwork to 

compensate for the loss of the proximally generated force. 

Excessive scapular protraction-leads to impingement with 

elevation 

Excessive scapular protraction-leads to impingement with 

elevation 

Impingement/muscle function and fatigue 

Alters orientation of scapu la, length of clavicular strut-painful 

conditions that inhibit muscle function 

Muscle weakness or force couple imbalances. Serratus 

anterior and lower trapezius particularly susceptible. Can 

be a non-specific response to a variety of glenohumeral 

pathologies (this can be seen as analogous to the knee in 

that weakness of the vastus medialis obliquus can result in 

patellofemoral syndrome) 

Limits smooth glenohumeral joint motion and creates 

wind-up effect so that the glenoid and scapula get pulled 

forward and inferiorly by the moving arm. This leads to 

excessive protraction, which, in turn, holds the scapula and, 

importantly, the acromion inferiorly and, thus, makes it prone 

to impingement 

Long thoracic nerve-serratus anterior function inhibited . 

Accessory nerve-trapezius function inhibited 

The distal links have neither the size, the muscle cross
sectional area, nor the time in which to develop these 
larger forces efficiently. For example, a 20% decrease in 
kinetic energy delivered from the hip and trunk to the 
arm necessitates an 80% increase in muscle mass or a 34% 
increase in rotational velocity at the shoulder to deliver 
the same amount of resultant force to the hand. Such an 
adaptation would predispose to overload problems. 

This explains why injuries apparently unrelated to 

the upper limb, for example, decreased push off due to 

Achilles tendinopathy, decreased quadriceps drive after 
a muscle strain, or decreased segmental trunk rotation 
secondary to thoracic segmental hypomobility, can affect 
upper limb throwing mechanics and predispose to further 
or more serious, upper limb injury. 

Changes in throwing arm with 
repeated throwing 
Repeated throwing causes adaptive changes to gradually 
develop in the shoulder and elbow. Changes occur in 
flexibility, soft tissue/muscle strength and bony contour. 
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At the shoulder, long-term throwing athletes have 
increased range of external rotation. This arises because of 
the repeated stress to the anterior capsule in the cocking 
phase, and stretch or breakdown in the anterior static 
stabilisers of the shoulder joint (the inferior glenohumeral 
ligaments). This may compromise the dynamic balance 
that exists between shoulder function and stability. The 
combination of increased shoulder external rotation range 
of motion and breakdown of the static stabilisers may 
lead to anterior instability of the shoulder and secondary 
impingement. 

The normal strength ratio of internal rotators to 
external rotators is approximately 3:2, but in throwers this 
imbalance is exaggerated and, over time, lack of external 
rotation strength may increase vulnerability to injury. 
These dynamic changes in the shoulder joint highlight 
the need for a structured exercise program to prevent or 
correct muscle imbalances. 

Throwing also produces structural changes at the 
elbow. Due to the valgus stress applied in the throwing 
action, there is a breakdown of the medial stabilising 
structures (medial collateral ligament, joint capsule, flexor 
muscles). This leads to the development of an increased 
carrying angle at the elbow. 

Less frequently, the eccentric overload on elbow 
structures causes anterior capsular strains, posterior 
impingement or forearm flexor strains and subsequently, a 
fixed flexion deformity. 
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Common biomechanical abnormalities 
specific to throwing 
One of the most common biomechanical problems seen in 
throwing sports such as cricket, baseball and water polo 
is caused by the throwing athlete 'opening up too soon'. 
Normally the body rotates out of the cocking phase when 
the arm is fully cocked (externally rotated). If the body 
opens up too soon, the arm lags behind and is not fully 
externally rotated. This results in increased stress to the 
anterior shoulder structures and an increased eccentric 
load to the shoulder external rotators. It also results in 
increased valgus stress at the elbow. 

The other common abnormality seen in throwing 
athletes is known as 'hanging', which is a characteristic 
sign of fatigue. Decreased shoulder abduction leads 
to dropping of the elbow and a reduction in velocity. 
There is an associated increase in the likelihood of injury, 
particularly to the rotator cuff as well as to the shoulder 
joint and the elbow. It is normally related to excessive 
intensity, frequency or duration of activity. 

In baseball, the type of pitch is determined by the 
spin imparted onto the ball by the hands and fingers at 
ball release. The normal follow-through involves forearm 
pronation. In 'breaking' pitches, the forearm is relatively 
supinated at release and then pronates. 'Breaking' pitches 
are associated with an increased risk of injury. Some 
pitchers incorrectly forcefully supinate against the normal 
pronation of follow-through. 



Chapter 9 

Biomechanical aspects of 
injury in specific sports 
with BEN CLARSEN 

Nothing compares co the simple pleasure of riding a bike. 

John F. Kennedy (1917- 1963) 

This chapter outlines the relationship between 
biomechanics and injury for a number of sports- cycling, 
cricket fast bowling, golf, rowing, swimming and tennis. 

CYCLING 
with PHIL BURT 

The demands and injury risks differ greatly across the various 
disciplines of cycling. Traditional road cycling involves 
long-duration submaximal effort, and places stresses on the 
body due to monotonous loading and maintenance of static 
postures for extended periods. In contrast, BMX and track 
sprint cycling require maximal effort over a short duration. 
Riders from these disciplines are more likely to suffer injuries 
related to strength and power training, such as weightlifting 
and plyometrics. The various subdisciplines of mountain 
biking encompass a wide range of demands, and both acute 
and overuse injuries are common. This section focuses on 
the main overuse injury problems affecting cyclists across all 
disciplines- knee and low back pain. 

Relationship between risk factors 
and loading 
Overuse injuries in cycling are commonly blamed 
on extrinsic factors such as bike position or shoe 
and pedal setup, as well as intrinsic factors such as 
anatomical anomalies, poor cycling technique, or reduced 
neuromuscular control. These factors may certainly be 
important due to the repetitive, uniplanar nature of the 
sport. However, it is important to recognise that even 
among top professionals, a wide variation of anatomy, 
techniques, and bike setups is normally well-tolerated 
without injury occurring. In almost all cases of cycling
related overuse injury, symptom onset can be linked to a 

mismanagement of training and racing loads. Cyclists are 
most likely to develop injury following a rapid increase 
in load, such as when pre-season training is resumed after 
a winter break, as well as during intense periods of the 
season. When injuries are apparently 'caused' by a change 
in equipment, it is normally because the change was 
made at an inappropriate time of the season when the 
cyclist was already close to their limit of load tolerance. 

The key to successful management of cycling injuries, 
therefore, is load management. The clinician, cyclist and 
coach should establish the volume, intensity and frequency 
of cycling that the rider can tolerate and create a systematic 
plan to increase these parameters over time. Wherever 
possible, loading should be quantified using a power meter 
and training software should be used to monitor the acute 
and chronic training load during rehabilitation (Chapter 12). 

Once an appropriate training plan is established, 
intrinsic and extrinsic risk factors should be assessed. The 
following section covers biomechanical factors thought to 
be associated with the most common cycling injuries. It is 
important to note that there is little high-level evidence 
in the field of cycling injuries, with current practice 
largely based on indirect evidence and expert opinion. It 
is therefore necessary to take a trial-and-error approach; to 
be worthwhile, modification in technique or equipment 
should lead to an obvious improvement in symptoms. 

Knee pain 
The knee is the most common site of overuse injury among 
cyclists of all levels. 1-5 A majority of knee complaints are 
related to the patellofemoral joint.6 However, there is a 
range of differential diagnoses including iliotibial band 
syndrome (ITBS), infrapatellar fat pad impingement, 
medial plica irritations and medial patellofemoral ligament 
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strains.6-8 Although tendinopathy is generally rare in 
cyclists, pain can also arise from the quadriceps tendon 
enthesis on the superolateral or superomedial patella. 

Three biomechanical factors to assess in 
patellofemoral pain 
Various biomechanical factors may play a role in the 
development of patellofemoral pain in cyclists, including 
patellofemoral joint compression forces, knee kinematics in 
the frontal plane and rotational torques in the lower limb.9- 12 

1. Saddle height 
Patellofemoral joint contact pressure is inversely related 
to saddle height,9 leading to the common belief that 
cycling with lower bicycle saddle heights increases the 
risk of patellofemoral pain development.8• 11• 13 How
ever, this remains to be confirmed in high-quality risk 
factor studies of competitive cyclists and one study 
found that altering the saddle height within the normal 
ranges used in rehabilitation led to negligible changes 
in patellofemoral joint contact pressure.14 Nevertheless, 
it is advisable that cyclists with patellofemoral pain ride 
in a relatively high saddle position, with maximal knee 
extension of approximately 30° (Fig. 9.1). 

2. Medial knee motion 
Excessive medial motion of the knee in the frontal plane 
(Fig. 9.2a) may also be a risk factor for patellofemoral pain, 
as this position encourages lateralisation of the patella 

Figure 9.1 Maximum knee extension is a key bike fitting 
parameter, which typically ranges from 35-40° among 
professional riders. Patellofemoral joint contact pressures 
may be minimised by selecting a higher saddle position, 
with maximum knee extension between 30° and 35°. 
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(a) (b) 

Figure 9.2 Frontal-plane knee motion in cycling 
(a) Excessive valgus motion of the knee is thought to 
contribute to a range of knee injuries (b) Improving 
the alignment of the hip, knee and ankle may lead to 
symptomatic improvement 

in the femoral trochlea, increased lateral joint contact 
pressure and increased stress on medial soft tissues. This 
theory is supported by studies showing that cyclists with 
a history of knee pain adopt a more medial knee position 
compared to uninjured cyclists, 10 and that 'normalising' 
frontal plane motion (Fig. 9.2b) can lead to symptomatic 
improvement.15 Knee motion may be altered by motor 
control training or through manipulation of the cyclist's 
shoes and pedals. For example, foot position can be 
adjusted using small angled wedges between the shoe and 
the pedal cleat or underneath the forefoot or by using 
custom-made insoles. However, manipulation of cycling 
shoes and pedals has an extremely unpredictable effect 
on knee motion. 16• 17 It is therefore important to test each 
individual's response, making sure that adjustments lead 
to symptomatic improvement. 

3. Rotational torque 
Rotational torque at the knee caused by the fixation of 
shoes to the pedals may also be a factor in patellofemoral 
pain in cycling. After the introduction of modern cleated 
pedals in the 1980s, there were anecdotal reports of 
an increase in the prevalence of knee injuries among 
cyclists.6• 12 It was thought that the natural rotation of 
the lower limb during the pedalling cycle was constrained 
by fixing the shoe, leading to increased stress at the knee 
joint. Therefore, 'floating' pedals were designed that 
allowed a small degree of axial rotation, which attenuated 
the rotational torque at the knee.12 Although there is no 
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direct evidence that floating pedals reduce injury, their 
design has been widely accepted and they remain the 
most popular type used by cyclists today. 1 

lliotibial band syndrome 
ITBS, often called 'runner's knee', is also common among 
cyclists.6· 18 Intrinsic factors thought to contribute to 
ITBS include large leg length discrepancies, external 
tibia) torsion of greater than 20° and excessive subtalar 
pronation. 18 High saddle height, a roe-in, heel-our foot 
position and excessive medial knee motion also increase 
the stress on the ITB. 19 

PRACTICE PEARL 

Therefore, cyclists with lateral knee pain should 

be instructed to ride with a relatively low saddle 

(maximum knee extension approximately 40°), keep 

their feet straight or pointed slightly outwards and 

avoid a knee-in position. 

Low back pain 
Although transient back discomfort is normal in cycling, 
studies have shown that performance-limiting low back 
pain is common among amateur20 and elite cyclists. 1• 21 

Cyclists with low back pain typically present with 
non-specific symptoms provoked by the maintenance of 
sustained flexion positions and they can often be classified 
as having a flexion-pattern motor control dysfunction 
(Chapter 29).22 Using a remote posture monitoring system, 
Van Hoof et al. showed that cyclists with low back pain 

adopt a more flexed position in their lumbar spine than 
do pain-free cyclists (Fig. 9.3).23 This may be related to 
a number of pathomechanical mechanisms of low back 
pain,22• 24 such as flexion/relaxation inhibition, or fatigue 
of the erector spinae muscles and mechanical creep of 
the spine's viscoelastic tissues. However, these theories 
remain largely untested in cyclists. 

Encouraging a relaxed, anteriorly tilted pelvic posi
tion, with an even distribution of flexion throughout 
the spine, is often important in the overall management 
of cyclists with low back pain. A number of equipment 
modifications may help facilitate this, including lowering 
the saddle, raising the handlebars and shortening or 
lengthening the overall reach. 

PRACTICE PEARL 

Adjusting the saddle to a slightly nose-down 

position (2-4°) may also be helpful in achieving 

greater anterior pelvic tilt and reducing back 

pain .2 5 

Excessive lateral flexion and/or rotation of the 
spine while cycling may also contribute to back pain, 
particularly if it is asymmetrical. This can be caused by 
a range of factors, such as large leg length differences, 
hip range of motion limitations and asymmetrical muscle 
activation patterns. These should be considered as a part 
of the comprehensive management of the cyclist with 
low back pain. Bike fit is a critical element in such a 
comprehensive assessment (see box). 

Figure 9 .3 Spinal position in cycling (a) Ideally, forward bend should be achieved evenly (b) Cyclists with low back 

pain often adopt a more flexed lumbar spine, with less anterior pelvic tilt and a more extended thoracic spine 
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Bike fitting 

There are many approaches to bike fitting, ranging from 

simple anthropometry-based formulae to dynamic approaches 

utilising high-tech equipment (Table 9.1 and Fig 9.4). 

industry, there remains little research into bicycle equipment 

and injury, and bike fitting remains just as much an art as it 

is a science. We encourage clinicians to work closely with 

bike fitters who take a trial-and-error approach, considering 

the cyclist's previous and current injuries, cycling goals and 

physical limitations. 

As bike fitting involves the optimisation of a wide range 

of competing variables, such as aerodynamics, comfort and 

control, it always involves compromise. Despite the recent 

rapid pace of technological development in the cycling 

Table 9 .1 Advantages and limitations of modern bike fitting methods 

-Iii'' 11111~J;ll'II •• -, . .. .. ,., 
--

119 • ........ There are a number of formula-based approaches that convert anthropometric -
measurements (e.g. inseam height) to bicycle set-up parameters. The most well-known 

approach is named after two-time Tour de France winner, Greg LeMond. . . . . .. Quick and easy. Cyclists can perform measurements themselves . 

. . One-size-fits-all approach that does not consider the cyclist's physical limitations . Highly 

unreliable and variable results. 26 

- . - .. • •-:•• •11.• • .l."'"11 

11•- ........ The cyclist's major joint angles are measured with a goniometer while he or she sits on -
the bike without cycling. The bike is adjusted to position each joint within a predetermined 

'optimal' range of motion. Sometimes referred to as the Holmes method. 

-·. . . .. Good reliability. 27 

. . Does not consider dynamic cycling technique . 'Optimal' angles are not evidence-based. 

- -•• ·"' .1~-- • ,.-;1 ■ lltll • 

ii- ........ Dynamic measure of joint angles collected with two-dimensional or three-dimensional 

motion analysis over a period of time and averaged as rider is actually riding. 

,. .. . . .. Good reliability. 27 Accounts for the rider's technique and physical limitations. 
,_ 

. . Does not consider kinetic variables such as power distribution between legs . 

- - - -
ll.- ■ 1111111:;JICll ■ II - ••11.• • 1.'"'1 ■ 

119. ........ Combination of data streams such as power, pedal forces, saddle pressure with motion 

analysis. 

,. .. . . .. Multiple sources of data can lead to more-informed clinical-reasoned decisions. 

. • More data does not always lead to better clinical decisions. Little research to assist data 

interpretation. Validity and reliability unknown. 

Figure 9.4 Modern bike fitting is an interactive process 

incorporating data from a variety of sources such as three

dimensional motion analysis, shoe and saddle pressure 

distribution, and pedal force application 
IMAGE COURTESY OF CYCLEFIT UK 
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CRICKET FAST BOWLING 
with ALEX KOUNTOURIS 

Cricket fast bowling combines rapid near-end-range trunk 
movements (rotation, side flexion and extension), with 
high vertical and horizontal impact forces.28-30 Elite fast 
bowlers bowl in excess of 300 deliveries in a single 4-5 
day game, and have a higher rate of injury than any other 
players in crickec.31 

Soft tissue and bone injuries are typically reported in 
injury surveillance studies of fast bowlers.32 Lumbar spine 
injuries have received the most attention mainly because 
bone stress injuries of the posterior vertebral elements 
(pedicle, pars interarticularis and lamina) require lengthy 
recovery periods and are particularly common.31 

PRACTICE PEARL 

The most important risk factors are bowling 
biomechanics, age and workload. 

Research into cricket fast bowling injuries has identified 
a number of possible modifiable and non-modifiable risk 
factors, particularly for lumbar spine injuries.32· 33 It is 
likely that a combination of these factors determines the 
injury risk for fast bowlers, although a clear association 
between the three factors has not been established. 

Age and risk of bowling injury 
To highlight this important interplay between risk 
factors, younger fast bowlers, for example, are affected 
by biomechanical (technique) errors because they have 
an immature skeletal system that cannot cope with the 
high forces associated with fast bowling. As such, younger 
(adolescent) fast bowlers have a higher incidence of 
lumbar bone stress injuries than adult bowlers and have 
a disproportional high rate of lumbar spine radiological 
abnormalities and soft tissue injuries for their age.34·35 

Technique (biomechanical) faults that increase the amount 
of trunk rotation, extension and side flexion increase the 
load on the already susceptible musculoskeletal structures 
like the intervertebral disc and posterior vertebral arch. 

Bowling workload and injury 
Bowling workload is a modifiable factor associated with 
fast bowling injuries in both adolescent and adult fast 
bowlers. High bowling workloads in a single session, in 
a match or over a cricket season, have caused injuries in 
fast bowlers.29· 36-38 More importantly, workload 'spikes' 
(a rapid increase in workload) have also been associated 
with fast bowling injuries and particularly lumbar spine 
injury.39, 40 

The relationship between bowling technique and 
workload is not entirely clear, but it is likely that bowlers 
with a technique that is considered to be biomechanically 
sound may be able to tolerate higher workloads than those 
with other 'less safe' techniques because they are better 
equipped to dissipate forces. This relationship could be 
further complicated when considering age and that some 
structures may not have the resilience to absorb repetitive 
load (e.g. the posterior vertebral arch) until full maturity 
is reached. For example, in the lumbar spine, important 
geometric parameters that influence bone strength are 
not fully developed until the mid-twenties. In long bones, 
increases in bone mineral density (BMD) and bone mineral 
content (BMC) occur between pre-puberty and 18 years 
of age, but in the lumbar spine the increases in BMD, 
BMC, vertebral height and vertebral width continue to 
develop until 25 years of age.41 This age (25 years) seems 
to be an important time in the development of lumbar 
bone stress and other lumbar spine injuries. 

The relative impact of workload and age as risk factors 
needs to be considered along with bowling technique, 
because technical faults that result in exaggerated spinal 
positions and higher impact forces can magnify the impact 
of other risk factors. 

PRACTICE PEARL 

Biomechanical errors are arguably the most 
important risk factor for fast bowling injury. 

Like other sporting acnvmes, fast bowling technical 
faults are considered modifiable factors although making 
meaningful technical changes can be difficulc.42 To fully 
understand the biomechanical faults it is important to 
review the patterns of movement (kinematics) and forces 
(kinetics) that occur during the fast bowling action. 

Fast bowling technique and injury 
The simplest description of the fast bowling action is that 
it involves a combination of trunk rotation, and lateral 
flexion and extension during the delivery stride.28-30 

The sequence of movements and the associated ground 
reaction forces (GRF) during the fast bowling delivery 
stride are unique to every bowler, but can be broadly 
categorised into one of four bowling techniques: front-on, 
side-on, semi-open (semi-on) and mixed (Fig. 9.6).43 These 
bowling techniques are defined by position of the feet, 
pelvis, trunk and shoulders at specific times during the 
delivery stride, and assessed using video (two-dimensional) 
or ideally, three-dimensional computer analysis.43 

The fast bowling action can be broken down 
into three components that are interrelated and 
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important for both performance and injury.44 The 
main components are the run-up, the delivery stride 
and follow-through. The run-up is important as it 
allows bowlers to gain the momentum required to 
deliver the ball at a desired velocity and can pre-set 
the body position that occurs during the delivery 
stride. The delivery stride is the last ground contact 
of the back foot, known as back foot contact (BFC), 
and then the transition to front foot contact (FFC) 
and ends with ball release (Fig. 9.5). The highest GRF, 
between six to nine times body weight, occur during 
the period between FFC and ball release.28• 29• 45 

The follow-through begins at ball release and involves 
deceleration of the bowler until they come to a stop. 

Importance of biomechanics of the delivery stride 
Bowlers can be categorised into the four bowling 
techniques based on the positions and movements that 
occur during the delivery stride.44 The four main bowling 
techniques are outlined in Figure 9.6. 

Of the four bowling actions, the mixed technique has 
been identified as having the greatest association with 
lumbar spine injury and abnormal radiological features 
(Fig 9.6d).3 5• 46 The maximum amount of shoulder
pelvis separation angle occurs just after FFC,43 and 
possibly represents the period that places the bowler 
at greatest risk of injury, especially as it is also the 
time when the greatest ground impact forces are being 
absorbed.29• 45 The mixed technique also typically 
involves higher rates of trunk contralateral side flexion 
and hyperextension compared to other bowling actions 
and therefore places greater stress through the lumbar 
spine.47 

Another biomechanical aspect that has been associated 
with lumbar spine injuries in fast bowlers is shoulder 
counter-rotation (SCR), which is also closely associated 
with the mixed bowling technique. Bowlers with higher 
rates (greater than 30°) of SCR during the delivery 
stride have been associated with higher incidence 
of lumbar spine bone stress injuries and abnormal 
radiological features.28• 29• 35• 44· 48 SCR (Fig. 9.7) is the 
change in shoulder alignment between BFC and FFC, 
from a more front-on to a more side-on alignment.43• 44 

The measurement of SCR is made using both two
dimensional and three-dimensional motion analysis and 
can vary slightly depending on the definition of BFC 
(first-foot contact with the ground versus foot flat on the 
ground).43 

It is still unclear whether one particular bowling 
trunk position causes the most stress on the lumbar 
spine or if a combination of movements is required to 
exceed load tolerance . Cadaver studies indicated that 
lumbar extension was most likely to be associated 
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Figure 9.5 Cricket fast bowling components (a) Back foot 

contact (BFC) (b} Front foot contact (FFC) 
DRAWING ADAPTED FROM PORTUS ET AL.44 

with lumbar bone stress injury in fast bowlers, because 
of increased load on the posterior vertebral arch in 
a hyperextended position.28· 49 Since then, the role 
of trunk side flexion and rotation has also received 
attention. Ranson et al. proposed that the amount of 
contralateral side flexion and ipsilateral rotation at FFC 
were important factors in the development of lumbar 
spine injury in fast bowlers.50 They found that the 
greatest range of motion in the lower lumbar spine 
at FFC was contralateral lumbar side flexion and not 
lumbar extension as first thought. They concluded 
that the combination of high rates of contralateral side 
flexion, ipsilateral rotation and the large impact forces 
would be associated with lumbar spine bone stress 
in fast bowlers.50 It is most likely that a combination 
of trunk positions is responsible for the high force 
required to develop lumbar spine injuries, in particular, 
bone stress injuries and the individual contribution of 
each movement to injury risk could be associated with 
the bowling technique used. 

Apart from the spine and trunk positions adopted 
during the delivery stride, lower limb joint kinematics 
have also been linked with fast bowling injuries. 
The amount of knee extension at FFC influences the 
distribution of forces and influences the height at which 
the ball is released, so that a higher release height requires 
less knee flexion (straighter knee).29• 51 The increase in 
front foot knee extension leads to a stiffer knee segment 
and greater impact forces.44• 51 



Figure 9.6 Cricket fast bowling techniques 

(a) Front-on technique involves the alignment of the pelvis and shoulders parallel to the batsman at back foot contact (BFC) 

(b) Side-on technique involves the alignment of the bowler's shoulders and pelvis perpendicular to the batsman at BFC 

(c) Semi-on or semi-open technique is defined as both shoulder and pelvis alignment somewhere between front-on and side

on positions at BFC 

(d) Mixed technique involves dissociation between the shoulder and pelvis alignment at BFC, known as the shoulder-pelvis 

separation angle. For example, a front-on pelvis alignment and side-on shoulder alignment at BFC, or side-on pelvis position 

and front-on shoulder position at BFC. A shoulder-pelvis separation angle of 30° has been used to classify bowlers as having 

a mixed technique 
DRAWING ADAPTED FROM PORTUS ET AL.44 

Portus et al.44 reported a relationship between a more 
extended front knee at FFC and ball release, and higher 
braking and vertical impact forces. They also demonstrated 
that bowlers with greater knee extension also reached 
peak forces more quickly than those with a more flexed 
knee at ball release. The higher forces associated with a 
more extended front knee may increase injury risk but also 
allow bowlers to deliver the ball at faster bowling speeds.44 

This is an important performance benefit and needs to be 
considered if technique modification is contemplated. It is 
therefore possible that there may be a trade-off between 
faster bowling speeds and higher injury risk. 

In summary, it is important to consider bowling 
biomechanics as a critical risk factor for fast bowling 
injuries. The relative impact of biomechanical errors on 
injury risk should be considered along with bowling 
workload and the age of the fast bowler, as there is a 
delicate interplay between these key risk factors. 

Figure 9.7 Shoulder counter-rotation during delivery stride 
DRAWING ADAPTED FROM PORTUS ET AL.44 
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GOLF 
with ROGER HAWKES 

Although injury rates are generally low, golf-related 
injuries are still common because of the popularity of the 
sport. It can be played into old age where the health and 
social benefits lead to increased longevity.s2 

Golf relies on a coordinated and repeated action in 
which energy is generated in the lower body and trunk. 
In long hitters, the force is transferred efficiently into the 
upper limbs and ultimately the club head, which can 
travel at speeds of 190 km/ h. Professional tournaments 
are usually comprised of four rounds of 18 holes over 
a 4 day period during which the player also includes 
considerable practice. It is estimated that the average 
tour professional will hit around 200 shots per day. In 
addition, there has been an emphasis on hitting the ball 
as far as possible. It is not surprising therefore that, in 
spite of improving equipment and better conditioning, 
vulnerable tissues remain susceptible to injury. For 
instance, peroneal tendons in the leading ankle are used 
during the follow-through to prevent excessive inversion. 
Overuse can lead to tenosynovitis and lateral ankle pain 
and swelling. In addition, any deficiency in the kinetic 
chain may lead to compensation elsewhere and injury 
is more likely to occur. For instance, a player who is 
not able to rotate their thoracolumbar spine during the 
backswing may compensate by increasing the horizontal 
adduction of the leading shoulder in order to reach the 
top of the backswing. This may lead to shoulder injury.s3 

Furthermore, fatigued players will have a reduced club 
head speed but an increased range of movement and this 
adds to injury risk.s4 

This chapter focuses on wrist, shoulder, hip and low 
back pain in golfers. Medial elbow pain, which is also 
common, is covered in Chapter 25. 

Wrist pain 
Good amateurs and professional players require 
considerable practice and intentionally take divots in 
order to impart backspin on the ball. In the winter they 
often practice on mats. As a result, the leading wrist can 
be painful.ss This is particularly common in periods of the 
year when the ground is hard. 

The leading wrist 
The leading wrist is the more vulnerable of the two 
wrists during the golf swing because it moves from 
radial deviation at the top of the backswing (Fig. 9.8a) 
to ulnar deviation during follow-through. The trailing 
wrist follows a less stressful extension/flexion movement 
pattern (Fig. 9.8b). At impact, the ulnar side of the 
leading wrist is protected by the extensor carpi ulnaris 
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tendon, which is susceptible to overuse synovitis. When 
a player hits an obstruction, the impact can rupture the 
sub-sheath which holds its position at the lower end 
of the ulna. This structure is particularly vulnerable 
in supination, which occurs during the golf swing and 
results in a large angle between the muscle axis and the 
tendon as it inserts into the fifth metacarpal.56 

As a result of repetitive movement into ulnar deviation 
during the backswing, the leading wrist is also susceptible 

(a) 

(b) 

Figure 9.8 (a) The leading wrist (left) is in maximal radial 

deviation at the top of the backswing (shown) and moves into 

ulnar deviation during the follow-through (b) The trailing wrist 

(right) is in maximal extension at the top of the backswing 

(shown) and moves into flexion during the follow-through 



Biomechanical aspects of injury in specific sports 

to bone stress reactions, particularly of the hamate. Older 
players may develop osteoarthritic changes in the carpus, 
and players with long ulnas (either constitutionally or 
acquired after radial fracture) may be susceptible to ulnar
sided wrist pain as a result of impaction. 

Fractures of the hook of hamate are rare, but 35% of 
them occur in golfers. 11 The hook of hamate is particularly 
vulnerable when a tall player uses standard length clubs. As 

a result, the end of the club may press onto the hook of 
hamate or piso-hamate ligament. Acute fractures can occur 
if the club hits the ground or an object, and with repetitive 
impacts the hook is also susceptible to bone stress injuries. 

The trailing wrist 
The trailing wrist extends during the backswing (Fig. 
9.8b) and flexes during the follow-through. Players 
with dorsal rim impaction syndromes7 pinpoint pain 
at the radial carpal joint in loaded extension, but often 
have no pain in passive extension. It is usually thought 
to occur as a result of nipping of the synovium, which 
can become chronically inflamed and hypertrophied. In 
some cases it can be due to loose bodies. Ultrasound is a 
good starting investigation but can be normal. Magnetic 
resonance imaging (MRI) can also show hypertrophy of 
the synovium (Fig. 9.9) and computed tomography (CT) 
scans can show loose bodies. 

Players with tenosynovitis will need to reduce practice 
in order to reduce their symptoms. Amateur players may 
also choose a more forgiving shaft such as those made 
of graphite. They may improve the sweet spot by using 
hollow back clubs rather than blades. Other general 
treatments are covered in Chapter 26. Players who 
acutely sublux their extensor carpi ulnaris (ECU) tendons 

Figure 9.9 Dorsal rim impaction syndrome-Sagittal MR 

image showing synovial/capsular hypertrophy (arrows) 

of the dorsal aspect of the radiocarpal synovium. Normal 

capsule would be a thin low signal line 

generally prefer to have operative repair of the subsheath, 
but conservative treatments have been used in tennis 
players with good results with no apparent increased time 
away from their sport. Some players have asymptomatic 
subluxing ECU tendons and do not require treatment_ss 

Players with dorsal rim impaction syndrome respond 
well to corticosteroid injection. However, the condition 
can return and arthroscopic resection of the thickened 
synovium can be indicated. 

Finally, players who have had hook of hamate stress 
reactions or fractures will need to use longer clubs. If there is 
non-union of a fractured hook of hamate, resection is usually 
preferred in order to reduce the risk of injury to the ulnar 
nerve and artery injury, which can complicate pinning.s8 

Shoulder pain 
The forces acting on the leading shoulder in golf 
are almost completely opposite to those involved in 
throwing (Chapter 8). The shoulder hyperadducts during 
the backswing, which can over stretch the posterior 
structures. During the follow-through, anterior structures 
work eccentrically to slow the shoulder down. The 
resultant combination of anterior capsular tightness and 
posterior laxity pushes the humeral head backwards, 
placing stress on the posterior labrum which can lead 
to posterior instability.s3 Players typically complain of 
pain or clunking at the top of the backswing. Clinical 
examination may show signs of posterior instability and 
MRI may show injury to the posterior labrum. 

Players with a history of anterior instability in the 
leading shoulder may develop pain and apprehension 
toward the end of the follow-through when the shoulder 
is abducted and moving into external rotation. In the 
trailing shoulder, the movement (and injury) pattern is 
more similar to throwing sports. 

Acromioclavicular joint pathology may occur in golfers. 
It is aggravated by joint compression, which occurs during 
the backswing for the leading shoulder and during the 
follow-through for the trailing shoulder. 

In recent years there has been considerable interest in 
the phenomenon of glenohumeral internal rotation deficit 
(GIRD) in throwing athletes (Chapters 8 and 24). In golfers, 
however, the main focus is on identifying and addressing 
deficits in external rotation. Professional players are regularly 
screened for glenohumeral external rotation deficits (GERO) 
in an attempt to prevent posterior instability in the leading 
shoulder, although there is currently little research to show 
this as an effective prevention strategy. 

Players with shoulder pathologies often need to limit 
golf participation in the early phases of rehabilitation. 
Resumption of practice should begin with putting and 
small chips with high irons, before gradually increasing 
the swing and playing with progressively longer clubs. 
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Hip pain 
A recent survey of professional golfers found that 19% of 
players complained of current, significant hip and groin 
pain.59 Common hip diagnoses in golfers include labrum 
pathology/ femoroacetabular impingement and, in older 
players, osteoarthritis. 

A majority of golf-related hip problems are located 
in the leading hip,59 which undergoes higher rotational 
velocities and moves through a much greater range of 
motion than the trailing hip.60• 61 However, both hips 
need to be able to move freely to facilitate an effective 
swing- particularly into internal rotation. The trailing hip 
goes into internal rotation at the top of the backswing 
and the leading hip is at maximum internal rotation at 
the end of the follow-through. Players with osteoarthritis 
and femoroacetabular impingement may present with 'hip 
pain' at either end of the swing. 

Occasionally, players will present with reduced 
internal rotation in the leading hip without hip joint 
pathology. This may be due to tightness of the posterior 
structures that work eccentrically during the follow
through. Limited internal rotation of the leading hip can 
have a range of consequences on swing mechanics, such 
as causing the player to 'stand up' during the follow
through. Maximising hip internal rotation range of motion 
is therefore important for all golfers. 

The effective internal rotation range of motion may 
also be increased by encouraging players to take a more 
externally rotated stance. This is recommended for players 
with femoroacetabular impingement and osteoarthritis, as 
well as for players who have had hip replacement surgery. 

Low back pain 
Younger players may be vulnerable to spondylolysis, 
especially if they end their swing with a 'reverse C' 
shaped thoracolumbar spine (Fig. 9.10). In addition, recent 
trends towards a more aggressive swing involving a larger 
separation between the hips and the shoulder may also 
lead to back injury. Both these technique factors should 
be reviewed in players with low back pain. 

Reduced hip internal rotation in the leading hip 
increases stress on the thoracolumbar spine, as rotational 
demands of the follow-through are transferred higher up 
the kinetic chain. Tight hip flexors are also a risk factor 
because this leads to more anterior pelvic tilt and therefore 
more 'jamming' of the facets in the lumbar spine.62 

ROWING 
with FIONA WILSON 

The biomechanics of rowing are complex with many 
variables contributing to the speed of the boat. Each of 
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Figure 9 .10 Follow-through position (a) Reverse C position 

increases stress on the lumbar spine, predisposing the 

player to spondylolysis (b) Ideal follow-through position 

for the lumbar spine. Note the large range of hip internal 

rotation in the leading hip 

the three body segments contributes approximately one 
third of the stroke length. The legs execute their work 
when the force exertion is maximal in the first half of 
the stroke and produce nearly half the rowing power, 
with the trunk producing around one third and the arms 
only one fifth of the power output. Thus, contrary to 
common belief, the legs are the greatest source of power 
in rowing, increasing their contribution as the stroke rate 
increases.63 High forces are generated at several specific 
points of loading on the rower's body. Due to the cyclical 
movement pattern and high volume of training, these 
forces are repeated hundreds of times during a typical 
training session. It is this combination of high forces acting 
on the rower, large training volume and type of training 
that places the rower at risk of injury. 

This section will focus on three of the most common 
regions of rowing-related pain- the lower back, chest wall 
and wrist/forearm. 

Low back pain 
Between 32% and 50% of rowers experience rowing
related low back pain per year,64• 65 and there are a 
number of biomechanical factors thought to contribute to 
the development of low back pain. The spine is maximally 
loaded at the front of the stroke- known as the 'catch' 
position- where the blade of the oar is placed in the water 
and force is applied through the trunk, arms and legs. 



Ideally, forward reach at the catch is achieved through 
maximal hip, knee and ankle flexion, with the lumbar 
spine in slight flexion and the pelvis in anterior rotation 
(Fig. 9.1 la). However, inadequate lumbopelvic control 
or limitations in hip, knee or ankle range of motion may 
lead to a position of extreme lumbar flexion at the catch, 
with the pelvis in posterior rotation (Fig. 9.1 lb). In this 
position the intervertebral discs and posterior elements of 
the spine may be more vulnerable to injury.66-68 

Good lumbopelvic control is also important in the finish 
position. Here, a neutral lumbar spine is ideal (Fig. 9.12a), 
whereas collapsing into lumbar flexion increases stress 
on the spine (Fig. 9.12b). Some rowers may also have 
inadequate posterior rotation of the pelvis, leading to 
hyperextension of the lumbar spine in the finish position. 

Rowing technique deteriorates during continuous 
rowing leading to increased lumbar flexion and frontal 

(a) 

(b) 

Figure 9.11 The catch position (a) Pelvis in relative anterior 

rotation with an even distribution of flexion throughout the 

spine (b) Pelvis in relative posterior rotation increases the 

stress on the lumbar spine 

(a) 

(b) 

Figure 9.12 The finish position (a) Lumbar spine in a neutral 

position (b) Lumbar spine collapsed into flexion 

plane motion, which is attributed to fatigue.69-73 However, 
this could be dependent on rowing ability and experience. 
Novice rowers use high levels of lumbar flexion with 
limited pelvic rotation, deteriorating further with higher 
work intensities.74 While similar changes are seen in elite 
rowers, these are of a much lower magnitude.75 A number 
of factors have been identified as a predictor of lumbar 
spine injury in rowers. As with most cases of low back 
pain, a previous episode increases risk.76 This is important 
to note at pre-season screening and those considering 
entry to the sport. Another factor is time spent ergometer 
training. Studies have shown that lumbar kinematics may 
be different in ergometer rowing compared to the boat, 
specifically that the increased lumbar flexion associated 
with prolonged rowing and fatigue is of greater magnitude 
in ergometer rowing.72 Therefore, rowers with lower back 
pain should reduce their exposure to the ergometer and 
pay close attention to their lumbopelvic control while 
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rowing, ideally using some form of biofeedback (mirror, 
video or electrogoniometer). 

A majority of rowers with low back pain present with 
flexion-pattern motor control dysfunction.77 As for other 
patient groups, a multi-dimensional cognitive functional 
approach (Chapter 28) has been shown to have the best 
efficacy in rowers.78• 79 However, a number of specific 
considerations should be applied to the rowing population. 
An exercise approach, which focuses on optimal position of 
the trunk and pelvis throughout the stroke, should underpin 
rehabilitation. Excellent range of motion, particularly at the 
hips, knees and ankles, should be emphasised. 

A mistake made by many rehabilitating low back pain 
in rowing is poor specificity in exercise prescription, 
particularly overemphasis of isometric exercise in the 
trunk such as the 'plank' exercise. Rowing is a dynamic 
sport and rehabilitation exercises aimed at improving 
trunk endurance should allow fluid movement. The 
ability to hold static positions affords limited benefits. 

Chest wall pain 
Chest wall pain is particularly common in elite rowers,80 

but may occur in rowers of all levels. Most often it is 
caused by rib stress fractures (RSF), in particular in the 
anterolateral portion of the fourth to eighth ribs. 

Risk factors for rib stress fracture 
The mechanism of this injury is not well understood, but it 
is likely to include mechanical loading of the chest wall as 
well as individual intrinsic factors such as gender and bone 
mineral density.81 A combination of force vectors acting 
on the ribs from scapula retractors, external obliques and 
rectus abdominis may initiate a stress response leading to 
RSF. Training volume (particularly a sharp load increase) and 
equipment issues such as blade size and type have also been 
implicated.82 Thoracic hypomobility, particularly extension, 
is common in those sustaining RSF. 

The incidence is higher in females and may be hormonally 
driven or may be associated with upper body strength 
differences from male rowers. As with any stress fractures, 
low energy availability is implicated in RSF pathogenesis. 
This may be particularly relevant in lightweight rowers. 
Emerging research has noted increased risk of RSF in 
paralympic rowing athletes.83 This may reflect low thoracic 
bone mineral density in spinal-cord-injured athletes because 
of a reduced skeletal loading. 

Clinical features 
Rowers with RSF typically present with pain in the 
anterolateral chest wall that is initially aggravated by 
rowing. As the condition worsens, other activities become 
painful, point tenderness develops, and pain is aggravated 
by deep breathing, coughing, rolling over in bed and rising 
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from supine. Examination may reveal a positive rib spring 
and reproduction of pain during movements mimicking 
the rowing stroke,81 particularly on isometric resistance. 
Diagnosis is primarily from symptoms and examination 
and may be confirmed with a bone scan or MRI. 

Management 
Management is challenging and relative rest is the primary 
approach for 2-6 weeks. A symptom-dependent approach 
should be taken and the athlete should make a graduated 
return to training depending on pain. Many rowers 
report ongoing symptoms for many months (sometimes 
intermittently for longer) despite achieving good 
function. During rest, non-rowing exercise such as cycling 
can be maintained. Biomechanical factors such as poor 
thoracic extension or altered movement control should 
be corrected. Manual therapy of the thoracic spine can be 
very useful, although compression of the rib cage should 
be avoided. Taping for proprioceptive feedback may aid 
comfort. Liaison with the coach and video analysis can be 
very useful in identifying correctable faults such as 'over
reaching' or poor scapula control at the catch position. 

The medical staff of the Great Britain rowing team 
have published clinical guidelines for the diagnosis and 
management of rib stress injuries in rowers. 84• 85 

Wrist and forearm pain 
Common wrist and forearm injuries in rowers include 
intersection syndrome (also known as 'oarsman's 
wrist'), de Quervain's tenosynovitis and exertional 
compartment syndrome (Chapters 25 and 26). All 
three conditions are related to excessive use of the 
forearm musculature, which is influenced by a variety 
of factors. Rowing requires the athlete to rotate the 
oar handle after taking it out of the water ('feathering 
the blade') and again prior to re-entering the water 
('squaring the blade'). Ideally, the blade should be 
feathered and squared using a combination of wrist 
and metacarpophalangeal joint movement. However, 
a common technique fault, particularly among novice 
rowers, is to use wrist motion only during this action. 

High grip pressure is also linked with forearm pain. 
This is a particular problem when rowing in poor weather 
conditions and among beginners, who tend to grip the 
oar more firmly. Oar handle size and grip should be 
considered. Modern oar handles have rubber grips and 
may be custom-fitted in different sizes; however, non-elite 
rowers are more likely to use older oars with wooden and 
'one-size-fits-all' handles. 

Sweep-oar rowers (i.e. those who row with only one 
oar), are more likely to suffer from intersection syndrome 
and de Quervain's tenosynovitis on their inside arm as that 
wrist is in a greater degree of ulnar deviation. Changing 



sides of the boat may help alleviate symptoms and allow 
for greater participation during rehabilitation. 

Knee pain 
Rowing-specific knee pain is rare. However, lateral 
knee pain may occur in rowers who steer coxless boats 
using a rotating shoe that is connected to a rudder wire. 
Tendinopathy of the distal biceps femoris tendon may 
also occur in rowers who actively use knee flexion to 'pull 
up the slide' rather than swing over from the hips with a 
stable trunk. 

SWIMMING 
with El..SBETH VAN DORSSEN 

The clinical management of swimmers is a challenge. 
Swimmers begin their career earlier than many other 
athletes- typically between 8 and 12 years- and often train 
twice a day for a total of 3 to 6 hours. As elite swimmers 
perform a staggering 1.5 million strokes per arm every 
year, overuse injuries are common. 

Swimming biomechanics 
Swimmers use both the upper limbs and the lower 
limbs, but in freestyle, backstroke and butterfly the 
arms generate approximately 80% of the propulsion. 
Swimmers try to generate propulsive force while 
reducing the resistance to forward motion. Drag forces 
(friction drag, form drag and wave drag) are extremely 
important at all swimming speeds; when you double 
the speed in water, you quadruple the form drag force . 
Achieving a hydrodynamically efficient swimming 
position (long and lean body position, aligned with the 
direction of travel), while still being able to generate 
propulsive forces, requires specific strengths, flexibilities 
and skills. Swimmers will try to increase the length of 
the propulsive phase (when the arm is in the water), 
combined with a fast but 'relaxed' recovery phase (above 
the water). 

Swimmers compete in four strokes: freestyle, butterfly, 
backstroke and breaststroke. However, irrespective of 
a swimmer's preferred stroke, more than 50% of their 
training will be spent doing freestyle.86 

Freestyle technique 
The freestyle stroke can be divided into four phases 
(Fig. 9.13): 

1. hand entry 
2. reach/glide 
3. pull-through 
4. recovery phase. 

Figure 9.13 Phases of freestyle swimming (a) Hand entry 

(b) Reach/glide (c) Pull-through (d) Recovery 

Shoulder pain 
The shoulder region accounts for 31-39% of all swimming 
injuries.87· 88 The prevalence of shoulder pain in elite 
swimmers has been found to be as high as 91%,86 with 
10- 31% forced to stop training for some time during the 
year due to shoulder pain.87-9 1 

There is a higher risk for shoulder injuries: 

• after an abrupt increase of training volume or intensity92 

• with training volume >35 km (or 15 h) per week86 

• when a unilateral breathing pattern is used93 

• after recent change of stroke technique; ask about any 
technical flaws that have been pointed out by the coach94 

• when crossing the midline with the hand during pull
through (Fig. 9.13) 

• with a history of shoulder injuries90 

• with a recent change in coach (and therefore likely 
changed training loads) 
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Shoulder pain in swimmers-diagnostic 
labels 

The term 'swimmer's shoulder' was introduced by Kennedy 

and Hawkins.96 This is, however, a nondescript and confusing 

catch-all which does not advance our understanding. We 

believe the term should be rep laced by an individualised and 

more specific diagnosis, which accounts for the contributing 

factors (extrinsic and intrinsic) and suspected pathology of 

each injured swimmer. 

Instead we propose Supraspinatus tendinopathy with: 

• hypomobility of the cervicothoracicjunction 

• loss of internal rotation of the glenohumeral joint 

• greater internal rotation strength due to sudden increase 

of intensity of training and possible overload in the use of 

hand paddles and drag suits. 

This will promote a patient-specific, problem-oriented 

approach to treatment. 

• after increased use of hand paddles89• 95 

• with the use of drag-increasing training devices (bags, 
elastic cords, drag suits, etc.). 

Rotator cuff tendinopathy is the most common 
shoulder pathology seen in swimmers.86 Tendinopathy 
of the long head of the biceps and impingement against 
the anterior third of the coracoacromial arch are also 
frequent diagnoses. However, a clear pathoanatomical 
diagnosis is often difficult to achieve; it is more important 
to diagnose and understand the underlying functional or 
pathomechanical reasons for the 'structural failure ' and 
address these in the management plan. 

A thorough clinical examination of the entire kinetic 
chain is important to assess the intrinsic contributing 
factors. Swimmers must be capable of extreme ranges of 
motion, especially in the shoulder girdle,93 and they must 
be able to reach these positions easily. Mechanical cost to 
achieve this position will result in (i) unnecessary extra 
movements and drag, and (ii) suboptimal use and possible 
overload of musculoskeletal structures. Modelling studies 
suggest that, on average, the supraspinatus tendon is 
already in a position of potential mechanical impingement 
for nearly 25% of the freestyle arm stroke cycle.93 

If swimmers are not flexible enough in the glenohumeral 
joint, they tend to pass this motion requirement to the 
scapulothoracic joint or the spine. On the other hand, 
hypermobility can also increase the potential for injury 
due to excessive translation of the humeral head. There 
might be a range of 'optimal motion' in swimmers. One 
study found that those with more than 100° or less than 
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93° of external rotation had a greater risk of shoulder 
impingement symptoms.90 Internal rotation is the most 
important, as it allows the swimmer to have an early 
catch and high elbow. A measure between 40-50° seems 
to be necessary for freestyle, backstroke and butterfly. 
Breaststroke swimmers can have a little less. 

Testing abduction with internal rotation gives 
important information about the swimmer's ability to 
achieve and maintain a high elbow. The swimmer sits 
on a bench, both arms are passively abducted, with the 
elbows maintained in 90° flexion (Fig. 9.14). The forearm 
must be perpendicular to the plane of abduction (causing 
internal rotation). The angle measured is the line of the 
humerus to the straight spine. An appropriate range for 
this measure is between 150° and 170°.97 

The combined elevation test can give more information 
about the ability to achieve a high elbow position at the 
start of the stroke, recovery and streamline. The athlete 
lies in a prone position with both arms (with locked 
thumbs together and extended elbows) elevated above 
the head. The swimmer then elevates the arms as high as 

Figure 9.14 The abduction with internal rotation test. 97 

The elbows should be kept in 90° flexion, and the upper 

arms should be prevented from moving forward as the 

shoulders are elevated. Swimmers should aim for 150-170° 

of abduction. 



Biomechanical aspects of injury in specific sports 

possible while keeping the head, chest and legs in contact 
with the bench (Fig. 9.15). An angle between the line of 
the humerus and the horizontal axis of between 5° and 
15° is appropriate.97 

To maintain a streamlined position, core stability is 
important. Swimmers need to transfer load efficiently 
between the arms and the legs under internally generated 
flexion torques. 

Management of shoulder pain in swimmers 
Individualised rehabilitation programs emphasising range 
of motion, flexibility, muscle balance, and motor control 
of the glenohumeral and scapulothoracic joints are the 
key features in the management of shoulder pain in 
swimmers (Chapter 24).98 Modification of training load is 
often necessary. 

Most commonly, the entire kinetic chain is involved, 
with multiple intrinsic and extrinsic contributing factors 
such as: 

• reduced rotation and/ or extension of the thoracic 
spine- important in relation to body roll 

• tightness or improper motor control around the scapula 
• muscular imbalance around the shoulder, in particular, 

internal and external rotators 
• incorrect swimming technique (Table 9.2) 
• too much training with hand paddles or drag-increasing 

devices 
• improper land training, weight training or stretching 
• suboptimal core strength and/ or control. 

A team approach: technical stroke analysis and adjustment 
with the coach, physiotherapist, doctor and sports scien
tists, keeping the clinical findings in mind. 

Figure 9.15 The combined elevation test-a test for 

thoracic extension, shoulder elevation and scapular 

retraction.97 The swimmer lies in a prone position and is 

asked to lock their thumbs together, extend their elbows 

and elevate the arms as high as they can while keeping 

their head, chest and legs in contact with the bench. The 

humerus angle is measured relative to horizontal 

Table 9.2 Technique factors related to shoulder pain In 
freestyle swimming 

Shoulder Thumb-first hand 

pain at hand entry-excessive 

entry internal rotation in full 

elevation 

Shoulder 

pain during 

pull-through 

Crossing the midline with 

the hand at hand entry 

Latera l deviation of the 

trunk 

Insufficient upward 

rotation of the scapula 

Dropped elbow-elbow

first water entry or 

elbow below the level of 

shoulder and wrist during 

early pull-through 

• Palm-down hand 

entry 

• Ensure adequate 

abduction/ 

internal rotation 

range of motion 

• Avoid crossing 

the midline 

• Improve mobility 

in the kinetic 

chain, improve 

core stability 

• Address 

scapulohumeral 

muscle flexibility 

• Train scapular 

upward rotation 

in overhead 

exercises 

• Improve internal 

rotation ROM

sleeper's, stretch 

and cross-body 

stretch-check 

kinetic chain 

Crossing the midline with • Avoid crossing 

the hand during pull- the midline 

through 

Insufficient or excessive 

body roll 

Shoulder Excessive horizontal 

pain during abduction due to 

recovery insufficient body 

rol l-posterior cuff 

impingement 

Unilatera l breathing 

pattern (pain on same 

side) 

• Body roll should 

be approximately 

45°; this can 

be limited by 

thoracic rotation 

and core stability 

• Increase body 

roll 

• Optimise 

mobility of 

cervicothoracic 

spine 

• Strive for 

a bilateral 

breathing pattern 
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Swimmers with shoulder complaints should avoid the 
following drills: 

• long leg drills with a kick board, as arms are maintained 
in maximum shoulder flexion; this can aggravate 
impingement symptoms 

• hand paddles, as these increase the load on the shoulder 
during the pull-through 

• pull buoy; the legs are held together without kicking, 
so 100% of the propulsion is generated by the arms. 

Medial knee pain 
Medial knee pain is common in breaststroke swimmers.99 

In one study, 75% of the surveyed breaststroke swimmers 
reported at least three episodes of knee pain per season 
and 4 7% of these swimmers reported weekly episodes of 
knee pain. 100 

Although the term 'breaststroker's knee' is nonspecific, 
it usually refers to overuse injury of the medial collateral 
ligament. However, the medial patellofemoral joint, pes 
anserine tendon, or bursa and adductor muscles may also 
be involved_l01 

The medial knee is highly loaded at the beginning of 
the breaststroke thrust phase, where the knee is flexed 
and externally rotated and the hips are flexed and 
internally rotated. The knee undergoes valgus loading 
throughout the leg thrust. A number of intrinsic factors 
and technique flaws can increase the valgus load and 
contribute to medial knee pain: 

• valgus alignment of the lower limb 
• inadequate or asymmetrical hip internal rotation or 

tibia! external rotation 
• large abduction angle of the hips during the kick(> 30°) 
• ineffective arm-leg coordination may increase loads on 

the lower limb 
• sudden increase in amount or intensity of training 
• hip extension and ability to achieve core and pelvic 

stability. 

Clinical assessment of the lower back, hips, knees, and 
ankles is important, particularly the range of hip internal 
rotation and tibia! external rotation. These two measures 
should add up to approximately 90°, so that at the 
beginning of the thrust phase the feet are square to the 
line of progression. This results in the biggest area to use 
to propel in the kick with the knees closer together, thus 
reducing form drag.97 

As for shoulder injuries, the clinician should focus on 
both intrinsic and extrinsic factors during the rehabilitation 
process. Breaststroke training should be reduced, and 
exercises which place a valgus load on the knee should be 
avoided during land and weight training. Hip rotation range 
of motion should be optimised and the load capacity of the 
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knee should be increased through progressive lower limb 
strengthening. 

TENNIS 
with BABETTE PLUIM 

In a typical hour of tennis, players hit the ball between 
150 and 250 times and run between 2.5 and 3.5 km 
in high-intensity 3-metre bursts. Due to the game's 
explosive, intermittent and repetitive nature, both acute 
and overuse injuries are common. Groups particularly at 
risk include elite players, who often train up to 5-6 hours 
per day, deconditioned players who suddenly increase 
their training loads and young players who play more 
than four matches per week. 102 

The main biomechanics-related tennis injuries are 
lateral elbow pain ('tennis elbow') and overuse shoulder 
injuries. These represent approximately 15-25% of all 
tennis injuries. 103 

Lateral elbow pain 
Lateral elbow tendinopathy is colloquially referred to as 
'tennis elbow' as it has been estimated to affect up to 50% 
of active tennis players at some point throughout their 
career.104• 105 The prevalence among tennis players seems 
to be declining, which may be related to increasing use of 
the two-handed backhand across all levels of tennis. The 
condition is caused by a tendinopathy of the common 
extensor tendon, in particular the extensor carpi radialis 
brevis, at the insertion on the lateral humeral epicondyle. 
Here, forces are greatest during one-handed backhand 
shots, as the wrist extensors contract eccentrically on 
impact with the ball. 

Lateral elbow pain is much more common in beginners 
and players over 40 years of age, 106 and is usually attributed 
to a combination of overuse and poor stroke biomechanics. 
Skilled players hit the ball with an extended wrist and 
extend the hand through impact (Fig. 9.16a), whereas 
novice players often hit the backhand with a flexed wrist, 
resulting in an eccentric contraction and less strength 
at impact (Fig. 9.16b). 107• 108 However, the relationship 
between this technique flaw and elbow injury remains 
unclear, 109 and other potential factors include hitting the 
ball off-centre and squeezing the grip too tightly during 
follow-through. 110 The topspin backhand usually provokes 
more complaints than the slice backhand. 111 

PRACTICE PEARL 

Tennis elbow is very rare in players with a two
handed backhand. 



(b) 

Figure 9.16 One-handed backhand technique (a) An 

extended wrist at impact reduces stress at the lateral 

epicondyle (b) A flexed wrist at impact increases stress at 

the lateral epicondyle 

Tennis racquet grip size is traditionally considered to 
be a risk factor for lateral elbow pain, as grip sizes that 
are too small or too large may lead to extra strain on the 
forearm muscles. It is therefore important to optimise 
the racquet grip size to the player. 112 Other common 
recommendations to reduce load on the forearm muscles 
include using a larger racquet head, a flexible racquet, 
lower string tension (with high quality strings) and 
pressurised tennis balls. Playing with heavy, wet tennis 
balls, long hours of play, or a sudden increase in volume 
or intensity of play may lead to sudden overuse and the 
development of lateral elbow problems. 

The general management principles for lateral elbow 
tendinopathy are detailed in Chapter 25. However, tennis
specific management should include developing muscular 
strength to better cope with the racquet-ball impact, and 
an analysis of backhand technique, with effort focused 
on using the right grip and achieving concentric wrist 
extension at the point of impact. Slow-motion video 
analysis may be a useful biofeedback tool to help players 
change technique. Low compression balls should also be 
considered during the early phase of treatment. 

Shoulder injuries 
The shoulder is subjected to high loads in tennis, particularly 
during the serve where the shoulder is abducted to 
140- 160° and rotates 160- 180° at a rate of up to 2400° 

per second. 113 As a player serves approximately 100 
times in an average match, 114 overuse shoulder injuries 
are common. Both the causes and the pathology of 
shoulder injuries in tennis are similar to other overhead 
and throwing sports (Chapter 8); common diagnoses 
include internal impingement, rotator cuff and biceps 
tendinopathy and glenoid labrum injuries. 115• 116 

During the cocking phase of the serve, the supraspinatus, 
infraspinatus and serratus anterior all contract concen
trically to stabilise the scapula and glenohumeral joint. 
This is followed by a rapid eccentric contraction of the 
rotator cuff and serratus anterior to decelerate the arm 
during the follow-through. These repetitive concentric 
and eccentric demands, which occur during both serving 
and groundstrokes, may lead to muscular fatigue and 
so-called 'eccentric failure' of the tendons. Adding further 
stress, the supraspinatus and infraspinatus tendons can 
become compressed between the humeral head and the 
posterosuperior rim of the glenoid during the cocking 
phase of the serve, when the glenohumeral joint is in 
maximal external rotation and horizontal abduction. This 
is often referred to as internal impingement. 

Local factors that contribute to internal impingement 
include muscular imbalances (external rotator weakness or 
dysfunction compared to the internal rotators), weakness 
or dysfunction of the scapular stabilisers (scapular 
dyskinesis) and tightness of the posterior capsule resulting 
in reduced internal rotation range of motion (GIRD). These 
factors should all be considered when treating shoulder 
injuries in tennis (Chapter 24). 

Remote factors also play an important role in the 
development of shoulder injuries in tennis. To generate 
power during the serve, there should be coordinated 
activation of a number of body segments (legs, hips, trunk, 
shoulder, arm and hand)- the so-called 'kinetic chain'- to 
achieve a high racquet speed at impact. 117 Suboptimal 
kinetic chain mechanics may overload the upper limb as 
it tries to make up for lost energy production. 118 This is 
referred to as the 'catch-up phenomenon'. 116 

Common clues that point to poor kinetic chain 
mechanics during serving (Fig. 9.17) include: 119 

• insufficient knee bend- the front knee should flex more 
than 15° during the loading phase 

• inadequate rotation- the player should be coiled 
enough that they show their back to the opponent 

• inadequate shoulder and pelvis tilt during the loading 
phase. 
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Figure 9.17 Tennis serve technique-loading phase. Look 

for a deep knee bend, rotated trunk, and tilted shoulders 

and pelvis 



Chapter 10 

Training programming 
and prescription 
with DARREN BURGESS 

In football as in watchmaking, talent and elegance mean nothing without rigour and precision. 
Lionel Messi 

The sports medicine clinician should understand the 
different elements of training and their possible relationship 
to injury. This facilitates the practitioner's obtaining a full 
training history from an injured athlete, learning about 
training strategy from a coach or fitness practitioner and 
enhances a clinician's understanding of the phases of 
rehabilitation outlined in Chapter 18. This chapter reviews 
the principles of training and outlines some more common 
training programming and assessment practices. The reader 
is directed to other sources for more detailed outlines of the 
various types of training. 

PRINCIPLES OF TRAINING 
Training' is the pursuit of activity that will ultimately lead 
to an improved performance in a given sport. A number of 
general principles of training apply to all sports: 

• periodisation 
• overload 
• specificity 
• individuality. 

Periodisation 
Periodisation is an important component of all trammg 
programs, in both the long and short term. Training can be 
divided into three distinct phases: conditioning (preparation), 
pre-competition (transitional) and competition. 

Generally, the conditioning phase emphasises devel
oping aerobic and anaerobic fitness, strength and power. 
Often during this period, the athlete is training under 
fatigue and if required to compete would probably 
perform poorly. During the pre-competition phase of 
training, the emphasis switches from pure conditioning 
to more technical work. During the competition phase, 
the emphasis is on competitive performance while 
maintaining basic conditioning (Table 10.1). 

In many sports (e.g. football, basketball, hockey), a 4-6-
month competition season is usual. In some instances, an 
athlete is required to undertake two periods of competition 
in the one year. A suggested program for athletes in these 
two situations is outlined in Figure 10.1. In other instances, 
the competition period may last as long as 8- 10 months and 
conditioning work can extend into the competitive season. 
However, in all of these scenarios the same principles of 
training periodisation apply. 

To ensure complete recovery from the physical and 
mental stress of competition, adequate time should be 
allowed between the end of one season or competition 
phase and the start of the next season or phase. This 
period may last 4-6 weeks but is dependent on when 
the next competition begins. 

In the intermediate time frame, it is important to 
introduce easy weeks into the training program; these 
give the athlete time to recover (Chapter 13) and diminish 

Table 10.1 Different types of training are performed during the three phases of the yearly cycle 

Preparation/conditioning +++ ++ ++ +++ + 

Transitional/pre-competiti on ++ +++ ++ ++ +++ 

Competition + + + ++ 
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Rest Conditioning 
(preparation) 

Transitional 
(pre-competition) 

Competition 

Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. 

Conditioning 
(preparation) 

Pre-competition Competition 
(transitional) 

Pre-competition Competition Active 
(transitional) rest 

May June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. 

Figure 10.1 Periodisation of training showing a single cycle annual program (above) and a dual cycle annual program (below) 

risk of injury. During these easy weeks, the volume of 
training is typically reduced; however, intensity should be 
maintained to prevent detraining. 1 

In the short term, the training program must allow for 
adequate recovery between training sessions. This ensures 
the athlete is able to train at appropriate intensities 
throughout the week and reduces the risk of injury.1 

Overload 
Overload is a variable that coaches manipulate to allow the 
athlete to perform work at a greater intensity or to perform 
a greater volume of work at a given intensity. Practically 
speaking, overloading an athlete involves applying stress to 
the body over and above that which is normally, or has been 
recently, encountered. If increased stress is not excessive and 
adequate adaptation time is allowed, the work capacity of 
the athlete will be increased ('supercompensation'). Athletes 
should be carefully monitored during periods of overload 
to prevent injury, overtraining and even poor performance 
from occurring. 

Specificity 
Specificity refers to the principle of directing training to 
performance in the athlete's given sport. It is important, 
therefore, to identify the most important components of 
fitness for each particular sport and to tailor the athlete's 

training toward improving these particular components. 
For example, there is no advantage for a strictly power 
athlete in doing large amounts of endurance training. 

Specificity can refer to both training the specific 
fitness demands of a sport as well as training the direct 
movement patterns of the sport to improve the fitness of 
the athlete. Those choosing the latter method argue that 
specific training in this way has the advantage of training 
skills and decision making while improving fitness.2 Most 
field sports (e.g. football) require a complex combination 
of both strength and endurance training and therefore 
specificity should include a combination of specific fitness 
training as well as training the specific movements of 
a sport. 

Individualisation 
As individual differences between athletes are great, 
training must be tailored to the individual's needs. 
Individuals differ in their tolerance of particular training 
loads, response to specific training stimuli, speed of 
recovery, psychological make-up, nutritional intake 
and lifestyle habits. Individual responses to training are 
influenced by previous training history, age, current state 
of fitness, genetic make-up and so on. Even in a team 
setting, it is vital that players are treated as individuals 
and trained accordingly. 

The Central Governor Model (CGM) for the limits of performance and its relevance to 
interval training 

The concept of maximum oxygen consumption (VO2max) and 

lactic acidosis limiting athletic performance has undergone 

much critical eva luation. The 'classica l' model of Hil l,3 which 

still enjoys support among a substantial number of exercise 

physiologists, suggests that: 
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• Progressive muscle hypoxia limits maxima l 

exercise performance. As a result, the main 

determinant of exercise performance is the heart's 

ability to supply sufficient blood (and oxygen) to the 

exercising muscles. 



• Anaerobiosis (lack of muscle oxygen) secondary to the 

inability further to increase the cardiac output (producing 

a 'plateau' in cardiac output) explains the onset of lactate 

production by skeletal muscle at the 'anaerobic threshold'. 

• Mitochondrial adaptation in the exercising muscles, 

associated with an increased ability of the heart to 

pump a larger cardiac output, are the exclusive biological 

changes that explain changes in performance with 

endurance training. 

This model has been challenged by the contemporary, but 

certainly not universally accepted, model of Professor Timothy 

Noakes. Noakes' data refute the classical model. Instead, he 

proposes that skeletal muscle recruitment and contractile 

function are regulated by a hierarchy of controls (conceptually 

'the central governor') specifically to prevent damage to any 

number of different organs.4- 14 He, and subsequently others, 

argues that according to the Hill model in which a plateau 

in cardiac output precedes the development of skeletal 

muscle anaerobiosis and lactic acidosis, the first organ to 

be threatened by the plateau in cardiac output would be the 

heart, not skeletal muscle. The plateau in cardiac output would 

prevent any further increase in blood flow to the heart, leading 

to myocardial ischaemia, the onset of chest pain (angina 

pectoris) and heart failure. 

He also provides evidence that this was, in fact, the 

belief of the early exercise physiologists, including Hill 

in England and Dill at the Harvard Fatigue Laboratory in 

the United States and was a central component of their 

teachings. Since Hill understood that the heart could not 

survive a prolonged period of ischaemia, he conceived 

the presence of a 'governor' in either the heart or the 

brain that would reduce heart function and spare the 

heart by causing a 'slowing of the circulation' as soon as 

myocardial ischaemia developed. Noakes and colleagues 

have extended this interpretation to suggest that the 

governor exists in the central nervous system, hence 

it is called the central governor and that it responds to 

multiple sensory inputs from all the organs in the body (Fig. 

10.2). In response to those inputs, the central governor 

regulates the number of motor units that can be recruited 

in the exercising limbs on a moment-to-moment basis, 

reducing or limiting the number that can be recruited when 

their continued recruitment, necessary to maintain the 

work output or exercise intensity, threatens whole-body 

homeostasis. 

Centrally acting performance modifiers 

Monetary 
reward 

Mental 
fatigue 

Sleep 
deprivation 

Afferent sensory feedback 

Glucose 
ingestion 

Hand 
cooling 

Cerebral 
oxygenation 

Amphetamines 

Caffeine 

Pseudoephedrine 

Modafinil 

Naloxone 

Acetaminophen 

Bupropion 

Cytokines 
IL-6 1L-1P 

Anticipation (Teleoanticipation) 

Reserve 

Figure 10.2 The central governor responds to multiple sensory inputs from all organs of the body 

continued 
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Hence, Noakes writes that 'during maximal exercise, 

progressive myocardial ischaemia preceding skeletal muscle 

anaerobiosis must be thwarted, so that neither the heart nor 

the skeletal muscle develop irreversible rigour and necrosis 

with fatal consequences'. The reader is d irected to the 

publ ications that summarise this argument to date.4· 7- 14 

Relevance to interval t raining 

Irrespective of the theoretical background that underpins the 

physiology, the most efficient method of increasing anaerobic 

fitness is a form of intermittent exercise or interval training. 

Interval tra ining involves a number of bouts of exercise 

separated by periods of rest or recovery. 

The principle of such training is to ach ieve a level of lactic 

acidosis with one individua l effort and then al low the body to 

recover from its effects before embarking on another bout of 

CONDITIONING TRAINING 
The maintenance of fitness is not only crucial to sporting 
success and injury prevention it is also an essential 
component of the rehabilitation process. Regardless of 
the injury the athlete has sustained, exercises to maintain 
fitness should be incorporated as soon as possible. For 
example, with injuries to the lower limb, cardiovascular 
fitness may be maintained by performing activities such 
as swimming with a pool buoy or arm 'grinder' work. 
Depending on the athlete's particular sport, this may 
include a combination of endurance, interval, anaerobic 
and power work. It is important to maintain alternative 
training methods for cardiovascular fitness, to encourage 
motivation and compliance with general fitness goals. 

We have divided conditioning into five separate types 
of training- endurance, speed, agility, resistance and 
flexibility- and will discuss each of these separately. In 
practice these methods are often combined for a more 
global conditioning effect. 

Endurance training 
Technically, endurance training aims to increase oxygen 
delivery to the working muscles and thereby increase 
aerobic capacity. Adaptations to endurance training include 
an increase in maximal oxygen uptake (V02max) and an 
increased ability of skeletal muscle to generate energy via 
oxidative metabolism. 17· 18 (For a more detailed discussion 
of the debate on V02max and the role of lactic acidosis in 
limiting training, see box below). 

The long-term consequences of prolonged endurance 
training have been debated in recent years, with proposed 
cardiovascular risks associated with cardiac fatigue. 19• 

20 However, a study of young Olympic athletes subjected to 
extreme uninterrupted endurance training over prolonged 
periods (up to 17 years) found that endurance training was 
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exercise. There is scope for enormous variation in the intensity 

and duration of the exercise bouts and the duration of the 

recovery period . Anaerobic training will also reset the central 

governor mechanism, perhaps teaching the governor that it 

can allow a slightly higher exercise intensity without risking 

a catastrophic bodily fai lure. In addition, interval training 

wi ll also increase the ability of the skeletal muscle fibres to 

produce more force. There is some evidence suggesting 

that differences in skeletal muscle contractility may modify 

athletic performance by determining the shortest possible 

duration the foot is in contact with the ground. This is because 

faster running requires shorter foot contact times and hence 

greater skeletal muscle contractility and the recru itment of a 

greater number of muscle fibres. 15 In contrast, skeleta l muscle 

contractility may be impaired in certain disease states. 16 

not associated with significant changes in left ventricular 
morphology, deterioration in left ventricular function, 
or occurrence of cardiovascular symptoms or events.21 

Endurance sports include long-distance running (greater than 
5 km), cross-country skiing, cycling, rowing and triathlon. 

It is important here to be aware of the many benefits 
an increased aerobic capacity can have to a range of 
different sports. An enhanced aerobic capacity will not 
only improve the efficiency of oxygen delivery but 
will also improve the regeneration of anaerobic energy 
pathways. This means performance in intermittent sports 
such as ice hockey, soccer, American football and netball, 
all traditionally thought of as strictly anaerobic sports, will 
be improved with an enhanced aerobic capacity. This is 
important to remember when prescribing or reviewing 
rehabilitation programs for these sports. 

Endurance training methods 
There are numerous methods to train endurance capacity. 
This section focuses on the more popular techniques. 

Interval training 
Interval training involves numerous bouts of high intensity 
efforts of set times or distances. Both effort duration and 
recovery time in between efforts dictate the intensity of 
each bout. An endurance interval session might be 6 sets 
of 1 minute running efforts. For a high-intensity session, 
2 minutes recovery could be prescribed in between efforts. 
To challenge the aerobic capacity to recover more quickly, 
1 minute recovery between sets could be prescribed. These 
repeat-effort intervals have been shown to dramatically 
increase V02max.22 

Fartlek training 
'Fartlek', which means 'speed play' in Swedish, is a popular 
form of endurance training that involves high-intensity efforts 



interspersed between constant paced exercise. A typical 
fartlek session on a bike might involve 30 seconds of high
intensity cycling every 2.5 minutes for 30 minutes. This 
example would provide the cyclist with 10 high-intensity 
efforts during a 30-minute ride. In some sports, athletes may 
be unaware of the duration and intensity of efforts and have 
to respond to the coach's feedback during the session. 

Maximal aerobic speed (MAS) training 
MAS training involves calculating an athlete's maximal 
aerobic speed and then prescribing a certain percentage 
of this within an interval training session.23 Typically, the 
speed an athlete can complete a 2 km (or similar distance) 
time trial is used as that athlete's MAS. Precise distances and 
expected times can then be calculated for each athlete. The 
most common time periods for MAS are 15 seconds of work 
followed by 15 seconds of exercise (15:15). 

Cross-training 
To prevent injury, it may be beneficial to reduce the amount 
of weight-bearing exercise. Cross-training enables the 
athlete to maintain aerobic fitness while reducing stress on 
weight-bearing joints, muscles and tendons. In athletes with 
a chronic condition such as articular cartilage damage to a 
weight-bearing joint, cross-training may be used to reduce 
the impact load while maintaining adequate training volume. 
Similarly, in a patient returning to sport from an overuse 
injury (such as a stress fracture), cross-training can reduce the 
risk of recurrence. Runners may wish to introduce one to two 
sessions per week of activities such as cycling, swimming or 
water running. These alternative work-outs can mirror the 
athlete's usual training session (e.g. interval, fartlek). 

Skill training as endurance 
It is important to realise that a skill drill or indeed entire 
skill session can enhance endurance capacity. In particular, 
there are numerous ways to alter skill drills to emphasise 
endurance, while maintaining the important aspects of 
the skill (e.g. decision making, team combinations, specific 
skill execution). For example, a simple soccer game could 
be altered in any of the following ways to increase the 
aerobic requirements of the exercise: 

• Increase the size of the field. 
• Decrease the playing numbers. 
• For a goal to be scored all players must be over the 

half-way line. 
• Every 1 minute the coach blows a whistle and one 

player from each team must run to a specified marker 
outside of the field. 

Speed training 
Running speed, which is an important component of many 
sports, is a largely inherited ability. However, athletes can 

improve their speed by enhancing muscular power and 
strength, as well as by improving technique, which increases 
the efficiency of ground coverage. Therefore, running speed 
can be increased by undertaking resistance and power 
training as well as by performing technical running drills. 

Speed training methods 
There is much debate about how much speed can be 
developed or improved in the mature athlete. Speed can 
arguably be enhanced, or at the very least maintained, 
with an appropriate strength and power program
this will be discussed later in this chapter. However, 
debate remains about the extent to which speed can 
be improved through either technical modification or 
repeated exposure to a speed stimulus. Both of these will 
be discussed briefly below. 

Technique training 
Improving the technical aspect of speed requires 
significant time spent analysing athlete running mechanics 
and then performing extensive corrective exercises as 
required. Within most sports, time spent dedicated 
specifically to technical speed work might often be at the 
expense of other conditioning, strength training or even 
skill training. As a result, most speed technique work is 
often confined to small amounts of time with large groups 
of players and/or warm-up activities pre-training/strength 
sessions. This requires a fairly broad approach where 
emphasis is placed on high knee drive, exaggerated heel 
lift and horizontal foot position throughout the sprint 
motion. An ideal opportunity exists to improve speed 
technique during the rehabilitation process where a more 
individualised approach can be taken. Of course, in sports 
such as running and long jump, a large percentage of 
training time should be devoted to technical speed drills. 

Speed intervals 
Appropriate exposure to speed will not only maintain 
speed qualities but may also prevent soft tissue injury,24 

particularly in the hamstrings. These 'unpractised' 
movements that occur in games often cause muscle injury. 

PRACTICE PEARL 

Regular speed interval work, particularly during 

weekly competition cycles will ensure the muscles 
and tendons are not 'shocked' into unfamiliar 

explosive movements that may occur during games. 

Practitioners should remember that absolute speed 
intervals should be performed while the athlete is 
fresh; however, speed exposure in training should also 
occur under fatigue to prepare the body to what it may 
encounter during competition. 
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Skill training as speed 
In most sports, speed training can and should be integrated 
into skill training. This can be easily achieved by using 
execution of simple skills at the end of sprinting activities. 
Care should be taken in programming these drills as they 
can be quite physically and structurally demanding. 

Agility training 
Agility can be defined as the ability to alter direction to 
achieve a specific goal (e.g. evade/deceive/react to an 
opponent, create space). Agility and rapid reflexes are 
often inherited characteristics. However, like speed, they 
can be improved somewhat by training and, thus, are 
included in training programs of all sports. Agility training 
has also been implemented in seniors to prevent falls.25 

Agility training methods 
Agility is often incorrectly trained using stationary objects 
(e.g. cones, poles, ladders). This may allow the coach to 
teach the athlete the correct foot placement or stride 
mechanics; however, agility training requires a reaction 
and therefore a decision-making component.26 

Technique training 
Training agility technique may be appropriate in the 
initial stages of rehabilitation or perhaps within adolescent 
programs. The coach can spend some time on effective 
techniques to approach a known object. However, this 
type of training should be limited as it often leads to 
inappropriate habits such as a player keeping their head 
down to review foot placement. 

Agility drills 
A reaction component should always be included in 
agility drills. This can be reacting to a coach movement, 
coach command, opponent or teammate. Advanced agility 
drills should also include a decision-making element. 

Skill training as agility 
Most sports skill training could be counted as agility 
training. This is because the majority of field sports training 
involves reacting to opponents, the ball or teammates. 
This means any additional agility-specific training should 
be programmed carefully as repeated changes of direction 
could cause some overload issues to the pelvic region. 

Resistance training 
Resistance training can be used to enhance athletic 
performance, improve musculoskeletal health and correct 
muscle imbalances.27 Resistance training is often used 
in rehabilitation when weakness compromises func
tion and sports performance. This is particularly true 
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following periods of immobilisation or injury and in pain 
presentations. 

The primary goals of resistance training are normally 
to increase muscle size (hypertrophy), strength or power. 
Increases in muscle hypertrophy and strength are dependent 
on five biochemical and physiological factors that are all 
stimulated and enhanced by appropriate resistance training: 

• increased glycogen and protein storage in muscle 
• increased vascularisation 
• biochemical changes affecting the enzymes of energy 

metabolism 
• increased number of myofibrils 
• recruitment of neighbouring motor units. 

It is important that the athlete is provided with the 
correct environment in which to perform resistance 
training. The following factors will help maximise gains 
during resistance training: 

• adequate warm-up to increase body temperature and 
metabolic efficiency 

• good quality, controlled performance of the exercise 
• pain-free performance of exercise 
• use of slow, controlled exercise initially, with little 

or no resistance, to develop a good base for neural 
patterning to occur 

• comprehensive stretching program to restore/maintain 
full range of motion 

• muscle strengthening throughout the entire available 
range of motion. 

Additionally, there is a trammg crossover effect
when one limb is trained, strength gains will also be 
recorded in the contralateral limb.27• 28 This phenomenon 
is termed 'central adaptation' and reflects the important 
role the central nervous system plays in motor unit firing, 
as well as the bracing role the contralateral limb plays in 
most single-limb exercises. 

Types of resistance exercises 
The three main types of exercise used in resistance 
training are: 

• isometric 
• isotonic 
• isokinetic. 

Isometric exercise 
An isometric exercise occurs when a muscle contracts 
without associated movement of the joint on which the 
muscle acts. Isometric exercises are often the first form of 
strengthening exercise used after injury, especially if the 
region is excessively painful or if the area is immobilised. 
These exercises are commenced as soon as the athlete can 
perform them without pain. 



Figure 10.3 Isometric co-contraction of the hamstrings, 

gluteal and quadriceps muscles with the patient pushing 

foot into wall 

Isometric exercises are used when a muscle is too weak 
to perform range of motion exercises, in conditions where 
other forms of exercise are not possible (such as patellar 
dislocation and shoulder dislocation) or when isometric 
contraction is required in activities (e.g. stabilising). 
Isometric exercises can minimise muscle atrophy 
associated with immobilisation and injury by maintaining 
or improving static strength, minimising swelling via 
the muscle pump action, and enhancing neural and 
proprioceptive inputs to the muscle. 

Ideally, isometric exercises are initially held for 
S seconds with contraction time increasing as the athlete 
becomes more tolerant. They can be performed frequently 
during the day as pain permits. The number of sets will 
vary at different stages of the rehabilitation program. If 
an athlete has difficulty, exercises may be performed 
against resistance or against an immovable object. It is 
important to remember that the quality of exercise is 
more important than the quantity. 

Isometric exercises should be carried out at multiple 
angles if possible, as strength gain can be specific to 
the angle of exercise. The athlete should progress from 
submaximal to maximal isometric exercise slowly within 
the limitations of pain and function. 

Isometric exercises have demonstrated success in 
the rehabilitation of tendon injuries (see Chapter 4) and 
should form a large component of any musculotendinous 
rehabilitation program.29 

When significant isometric effort is tolerated at 
multiple joint angles, dynamic exercises may begin. An 
example of an isometric exercise for the lower limb is 
shown in Figure 10.3. 

Isotonic exercise 
Isotonic exercises are performed when the joint moves 
through a range of motion against a constant resistance 

or weight. Isotonic exercises may be performed with free 
weights, such as dumbbells, pulleys or sandbags (Fig. 10.4). 

Free weights encourage natural movement patterns and 
require muscle coordination and joint stability in all planes 
of movement and therefore may transfer strength gains 
more readily to the playing field. 30 With free weights it is 
possible to simulate athletic activities as the body position 
can be varied. Isotonic exercises may be: 

• concentric- a shortening isotonic contraction in which 
the origin and insertion of the muscles approximate. 
Individual muscle fibres shorten during concentric 
contraction 

(a) 

(b) 

Figure 10.4 Isotonic exercises (a) Dumbbell (b) Sandbag 
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Figure 10.5 Concentric (white arrow) and eccentric (black 

arrow) quadriceps exercises 

• eccentric- a lengthening isotonic contraction where 
the origin and insertion of the muscles separate. The 
individual muscle fibres lengthen during eccentric 
contraction. 

Concentric and eccentric exercises for the quadriceps 
are shown in Figure 10.5. 

The intramuscular force produced per motor unit 
during an eccentric contraction is larger than that during 
a concentric contraction.28 Eccentric contractions may 
generate high tension within the series elastic component, 
which consists of connective tissue and the actin-myosin 
cross-bridges in muscles. It has been observed that 
eccentric exercise results in higher rates of delayed onset 
muscle soreness (DOMS) and even muscle damage if used 
inappropriately.31· 32 Consequently, eccentric programs 
should commence at very low levels and progress 
gradually to higher intensity and volume. The use of 
eccentric exercise programs may help prevent recurrence 
of musculotendinous injuries. 

Eccentric training has been advocated in the reha
bilitation of tendon injuries, due to the proposed 
facilitation of tendon remodelling through promotion 
of collagen fibres within the injured tendon.32-34 There 
is evidence that Achilles, patellar and lateral elbow 
tendinopathies respond well to an eccentric rehabilitation 
program_3 1, 32, 34, 3s 
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However, not all tendon injuries benefit from eccentric 
exercises. Specifically, eccentric exercises have shown 
poor success rates for rotator cuff tendinopathy36 and 
for insertional Achilles tendinopathy, compared to mid
tendon Achilles lesions.32 Therefore, the site of tendon 
pathology should be considered when prescribing eccen
tric exercises. 

Practically, there are some potential dangers of isotonic 
resistance training such as: 

• Athletes require adequate supervision in the 
gymnasium. 

• Athletes should never attempt to lift a maximal weight 
without a 'spotter' (an assistant who is able to help the 
athlete if problems arise). 

• Isotonic machines such as Keiser® equipment may pro
vide a safe alternative to free weights, but these 
machines limit the range of motion and are generally 
unable to provide truly constant resistance through 
the lift. 

Isotonic exercises in which the body weight of the 
individual is used as resistance are also safer than free 
weights and are often more convenient to perform. 
Exercises such as sit-ups, push-ups and chin-ups can 
be done almost anywhere and require no supervision. 
However, it is difficult to increase the resistance of the 
exercise and the only way to increase the effort is to 
increase the number of repetitions performed. 

lsokinetic exercises 
lsokinetic exercises are performed on devices at a 
fixed speed with a variable resistance that is totally 
accommodative to the individual throughout the range of 
motion. The velocity is, therefore, constant at a preselected 
dynamic rate, while the resistance varies to match the force 
applied at every point in the range of motion. This enables 
the patient to perform more work than is possible with 
either constant or variable resistance isotonic exercise. 

lsokinetic testing can highlight imbalances, such as 
scapular muscle imbalances in overhead athletes with 
chronic impingement signs.37 A number of isokinetic devices 
are available and include the Ariel®, Biodex®, Cybex®, 
KinCom®, Lido and Merac® machines. However, these 
machines do come at a cost, which may explain why they 
are more commonplace in research than in clinical settings. 

Classification of resistance exercises 

Open chain and closed chain exercises 
An open kinetic chain exercise often involves single joint 
movement performed in a non weight-bearing position 
where the distal extremity freely moves through space.38 

Closed kinetic chain exercises involve multiple joints and 



Table 10.2 Advantages and disadvantages of open chain and closed chain exercises 

Open chain exercises 

. . . 
Decreased joint compression 

Can exercise in non weight-bearing positions 

Able to exercise through increased ROM 

Able to isolate individual muscles 

Closed chain exercises Decreased joint forces in secondary joints (e.g. 

less patellofemora l force with squat) 

Decreased joint translation 

Increased functiona lity 

RO M = range of motion 

are performed in weight-bearing positions with a fixed distal 
extremity. Closed kinetic exercises are thought to be more 
functional, provide more proprioceptive feedback and cause 
less shear joint forces than open kinetic chain exercises.38 

Open and closed chain exercises in rehabilitation 
Although some studies promote closed chain over open 
chain exercises,38• 39 others advocate that both types 
of exercises play beneficial roles in rehabilitation, espe
cially in regards to anterior cruciate rehabilitation and 
patellofemoral pain.40• 41 • 4 2 Proposed advantages and 
disadvantages of open and closed kinetic exercise are 
shown in Table 10.2. 

Examples of these exercises are shown in Figure 10.6. 
Figure 10.6c shows an example of open (right arm) and 
closed (left arm) chain exercises for the shoulder girdle. 

(b) 

(c) 

I . • • 

Increased joint translation 

Decreased functionality 

Increased joint compression 

Not able to exercise through increased ROM 

Not able to isolate individual muscles 

(a) 

Figure 10.6 Open and closed chain exercises (a) Open 

chain knee extension with the foot moving freely 

Figure 10.6 (cont.) (b) Closed chain knee extension with 

the feet immobile (c) Open chain (right arm) and closed 

chain (left arm) exercises on an unstable surface 
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Closed chain upper limb exercises are particularly useful 
during the early recovery period from shoulder surgery 
(Chapter 24). Excessive mobility and compromised 
static stability within the glenohumeral joint have been 
linked to capsular, labral and musculotendinous injuries 
in throwing athletes.43 The positive benefits of closed 
kinetic chain exercises, performed under load-bearing 
positions, are thought to stimulate joint receptors and 
facilitate muscle co-contractions around the shoulder and 
therefore enhance joint stability.37• 4 3 

Qualities of resistance training 
This section will briefly describe the various resistance 
training qualities and outline the methods the clinician or 
coach may employ to train these qualities. 

Strength 
Muscle strength is the muscle's ability to exert force. 
Strength gains can be seen quickly, even before 
physiological hypertrophy occurs. The initial strength 
gain in response to exercise is thought to be related to 
increased neuromuscular facilitation (i.e. the nervous 
system enhances the motor pathways so that the muscle 
group becomes more neurologically efficient).27· 28• 44 

Neural adaptations facilitate changes in coordination and 
learning that enhance the recruitment and activation of 
muscles during a strength task.27 

Typical loading patterns for strength training can be 
seen in Table 10.3. Most importantly the resistance needs 
to be at or near maximal levels with large rest periods 
in between sets. This enables the muscles to recuperate 
adequately in between sets. 

Strength training is generally the base from which 
all other resistance training emanates and therefore it 
generally occurs at the beginning of pre-season training. 

Power 
Muscle power is the muscle's rate of doing work. Similar 
to strength training, the initial power gains observed with 
power training result from improvements in neuromuscular 
efficiency.45 Specifically, initial improvements in power can 
be attributed to improved muscle coordination between 
agonist and antagonist muscles. Power exercises may include: 

Table 10.3 Resistance training loading patterns 

Strength 3-5 3-6 

Power 3-4 8-12 

Hypertrophy 2-3 8-12 

Endurance 1-2 15-30 
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• fast-speed isotonic or isokinetic exercises (concentric 
and/or eccentric) 

• increased speed of functional exercises (e.g. faster 
reverse calf raise, drop squat) 

• plyometric exercises (e.g. hopping, bounding). 

Power exercises often involve functional and sport
specific exercises. Exercises should be made appropriate to 
the athlete's sport to gain optimal benefits (e.g. bounding 
for a sprinter, jump and land for a basketballer). 

Another technique of increasing power is plyometric 
training. Plyometric exercises (plyometrics) use the 
natural elastic recoil elements of human muscle and the 
neurological stretch reflex to produce a stronger, faster 
muscle response. Plyometrics combine a rapid eccentric 
muscle contraction with a rapid concentric contraction to 
produce a fast forceful movement. It must be performed 
in conjunction with a resistance training program, as 
athletes need to have minimum basic strength levels 
before commencing plyometrics. 

PRACTICE PEARL 

Because of their explosive nature, plyometrics have 
a great potential for injury. Therefore, an athlete's 
plyometrics program should be carefully supervised. 

Plyometric exercises include hopping and bounding 
drills, jumps over hurdles and depth jumps. These activities 
emphasise spending as little time as possible in contact with 
the ground. This form of exercise can cause DOMS (Chapter 
4). Plyometric training should only be performed when the 
athlete is fresh and the volume of work should be built up 
gradually. The training surface must be firm but forgiving, 
such as sprung basketball floors. When technique begins to 
deteriorate, the exercise should be stopped. 

Olympic-type weightlifting is often used as part 
of a power training program. Olympic lifting involves 
explosively lifting a weight from the floor to a position 
above the ground using the entire body. Typical Olympic 
lifts include the power clean, snatch, and clean and jerk. 
These lifts exercise a greater number of muscle groups 

90-120 90-100 Controlled 

45-60 40-60 Explosive 

60-75 70-90 Slow on eccentric 

45-60 50-70 Sport-specific 



than conventional weightlifting, exerc1smg them both 
concentrically and eccentrically. The potential for injury 
is high and athletes must learn correct lifting techniques 
before attempting these lifts. 

When injury has decreased muscle power or the 
athlete's sport includes periods of explosive power, 
the rehabilitation program should incorporate power 
exercises. Commonly, power-focused exercises are incor
porated into the later stage of rehabilitation due to 

the potential for re-injury and explosive nature of this 
training. 

Typical loading patterns for a power program can be 
seen in Table 10.3. The most important factor in a power 
development program is the speed of movement which 
must be as explosive as possible. 

Muscular endurance 
Muscle endurance is the muscle's ability to sustain 
contraction or perform repeated contractions. The aim of 
muscular endurance training is to increase the capacity to 
sustain repetitive, high-intensity, low-resistance exercise 
such as running, cycling and swimming.17 Excessive bouts 
of muscular endurance training can result in fatigue and 
reduced sporting performance. Therefore, care should 
be taken in incorporating this type of training into a 
resistance training program, especially during prolonged 
pre-season training. 

Typical loading patterns for muscular endurance 
training can be seen in Table 10.3. This type of training 
involves high repetitions with very little rest. 

Hypertrophy training 
Hypertrophy training aims to increase the muscle size. 
This quality is important particularly for combative sports 
where an increased muscle mass can be advantageous. 
Generally, hypertrophy occurs through an increase in the 
size or cross-sectional area of the muscle cells rather than 
an increase in the number of muscle cells. 

Typical loading patterns for hypertrophy can be found 
in Table 10.3. As this table demonstrates, the eccentric 
or lowering component should be slower than the 
concentric component. This will create additional muscle 
damage and therefore take greater time for the muscle 
to repair and regenerate. As a result care must be taken 
when prescribing additional speed or resistance training 
around hypertrophy sessions. 

Flexibility training 
An athlete is susceptible to injury if they lack sufficient 
flexibility to meet their sport-specific demands. Stretching 
and range of motion exercises are performed to increase 
joint range of motion. The acute effects of stretching 
include:46• 47 

• decreased muscle stiffness through viscoelastic defor
mation of the muscle tissue (this is likely to be 
extremely transient) 

• increased muscle length through serial addition of 
sarcomeres 

• altering sensation, thereby increasing stretch tolerance. 

Traditionally, stretching has been widely promoted 
for injury prevention and performance enhancing for 
sporting activity. However, some authors have suggested 
stretching does not prevent injury in otherwise healthy 
individuals.48 Others have noted that it is important to 
differentiate between pre-exercise stretching (where 
stretching does not appear to prevent injury)49 and regular 
stretching outside periods of exercise (where there is some 
clinical and basic science evidence suggesting stretching 
may prevent injury).50• 51 Additionally, stretching does not 
seem to reduce the effects of DOMS.52 

Furthermore, the acute effects of stretching can cause 
temporary strength deficits and hence reduce sporting 
performance.53 This deficit seems to be associated with 
stretches performed for more than 60 seconds, while 
stretches of shorter duration may have less significant 
deficits.53 As traditional stretching routines are performed 
during warm-up sessions prior to playing sport, the 
amount of time athletes stretch should be taken into 
consideration. 

Stretching is often promoted as having a number of 
beneficial effects,54• 55 although not all of the following 
have been appropriately studied: 

• increases muscle and joint flexibility 
• increases muscle relaxation 
• decreases muscle soreness 
• improves circulation 
• helps prevent excessive adhesion 
• promotes a flexible, strong scar. 

Types of stretching 
There are three main types of stretching: static, dynamic 
and proprioceptive neuromuscular facilitation. 

Static stretching 
Static stretching involves moving the muscle or JOmt 
into an elongated position and holding the position for 
an extended period. Historically, this type of stretching 
has been used to prepare the muscle for exercise; 
however, research has consistently demonstrated a 
reduction in power immediately after static stretching.56 

As a result the more contemporary practice for athletic 
populations is to use static stretching both post 
training for recovery and away from training to improve 
flexibility. 
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Recommendations for effective stretching 

• A gentle warm-up before stretching increases tissue 

temperature and fac ilitates stretching. This may include 

activities such as jogging or cycl ing . 

• As with warm-up, superficia l or deep heat modalities 

may be applied to the area prior to stretching to increase 

tissue temperature. 

• Cryotherapy may reduce pain and muscle spasm and 

thereby enhance the overall stretch of a muscle in the 

initial stages after an injury, even though the temperature 

is decreased (i.e. opposite to heat). 

• Athletes should be carefully inst ructed regarding the 

correct st retching posit ion , as incorrect positioning may 

cause injury. 

Dynamic stretching 
Dynamic or ballistic stretching is when the muscles and 
joints are taken through their range of motion during 
movement. This type of practice is more specific to 
preparation for exercise and sports in particular. During 
the rehabilitation process care should be taken to not 
'bounce' the muscle that is recovering from injury. 
Dynamic stretches have been shown to significantly 
increase tendon flexibility and elasticity and have 
been promoted for end-stage rehabilitation for tendon 
injuries. However, ballistic stretching involves eccentric 
contractions during the stretch phase, which may result 
in soreness or injury and therefore care should be taken 
when incorporating such stretches. 

Proprioceptive neuromuscular facilitation 
(PNF) stretching 
PNF stretching involves the combination of contracting 
the antagonist (opposite) muscle and excessively 
stretching the agonise muscle. This type of stretching 
is quite aggressive but can result in rapid increases 
in flexibility. PNF flexibility sessions should not be 
performed more than 1-2 times per week and should 
be cycled into and out of training as it can cause some 
muscle damage. 

Flexibility In the rehabilitation process 
Regaining or maintaining full flexibility of joints and soft 
tissues is an essential component of the rehabilitation 
process. Following injury, musculotendinous flexibility 
often decreases as a result of spasm of surrounding 
muscles. Inflammation, pain and/or stiffness can limit 
joint range of motion and the normal extensibility of the 
musculotendinous unit can be compromised. This may 
result in dysfunction of adjacent joints and soft tissues. 
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• Different muscles seem to require different durations of 

stretch. In general, a slow sustained stretch shou ld be 

held for a minimum of 10- 15 seconds and progressed 

for 1 minute or longer. The athlete should fee l stretch in 

the appropriate area. 

• As the athlete's flexibility improves, increases in intensity, 

duration, frequency and type of stretch can be considered. 

• Stretching should always be pain-free, that is, 'tightness' 

without pain. 

For example, the lumbar spine may be restricted in 
range of motion and the paraspinal muscles may spasm 
following knee or hip surgery, especially after periods of 
restricted mobilisation. Adequate soft tissue extensibility 
after injury is essential to encourage pain-free range of 
movements. Stretching muscles and joints is one way of 
improving tissue and joint extensibility. 

TRAINING LOAD MANAGEMENT FOR 
PERFORMANCE ENHANCEMENT 
The ability to effectively periodise and manage training 
load will obviously have a large impact on athlete success. 
Long-term, gradually progressive training plans should be 
made, including periods of higher and lower loading to 
avoid improvement plateaus, injuries, illnesses or burn
out. This process, commonly referred to as periodisarion, 
should consider time periods consisting of several months 
(macrocycles), weeks (mesocycles) and days (microcycles). 

Load management not only comprises sound 
knowledge of training periodisation, but also an intimate 
awareness of when players are fatigued, undertrained, 
stressed or fresh. Typically, team-sport athletes have been 
advised to avoid strenuous mid-week training to 'freshen 
up' for the next game and/ or avoid injury. However, 
recent evidence suggests that too little training can be a 
significant risk factor for injury.57 This suggests a delicate 
balance exists between fitness, fatigue and freshness, 
with the ability to identify each state being crucial to 
performance enhancement and injury prevention. 

To successfully manage load, it needs to be quantified. 
There are, of course, many influences on the total load 
placed upon an athlete, and the ability to identify these 
and alter training load accordingly is both an art and a 
science. Certainly, technology may assist the practitioner 
in quantifying load; however, just as important is the 



ability to 'sense' or 'feel' when players are fatigued or 
fresh. This 'sense', however, typically requires intimate 
knowledge of the players/athletes and much experience 
in this domain. 

Training load is typically defined as either internal or 
external. Internal load refers to the impact the training has 
on the athlete and can be measured by subjective wellness 
questionnaires,58• 59 as well as a range of objective metrics 
such as heart rate, blood markers (e.g. creatine kinase, 
testosterone, cortisol), RPE and heart rate variability.59 

External load refers to the estimation of the actual load 
the players are placed under and is usually measured 
using GPS devices, power meters or simply calculating 
training duration.59 

-
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Maximising trammg output (external load) while 
minimising training cost (internal load) is usually the goal 
of most training programs. Effectively estimating both of 
these, therefore, becomes a crucial element of the sports 
practitioner's role. RPE-load (also called session-RPE) has 
subsequently gained much popularity in both research60 

and practice as it represents both internal and external 
load and allows different forms of training (e.g. football and 
weightlifting) to be measured in the same units. RPE-load 
is calculated by multiplying player RPE (internal) with 
training or match duration (external) and has been shown 
to relate effectively to measures of internal load.61 

The role of load monitoring in injury prevention is 
covered in Chapter 12. 

151 





Chapter 11 

Core stability 

by PAUL HODGES 

Core strength and stability is very important to me. Tennis is all about rotation of the body and my 
ability co create power. I incorporate a lot of abdominal, back and glure exercises into my gym sessions. 

Samantha Stosur 

INTRODUCTION 
'Core stability' refers to control of proximal regions of 
the body during movements and function. Although the 
concept appears straightforward, different interpretations or 
misconceptions of the term, and differences in applying this 
concept to the design of exercise programs for lumbopelvic 
pain, have led to substantial confusion and debate. 

'Stability' has been interpreted to mean many things 
and, commonly, a simple objective to restrict motion. 
This has led to the development of many exercise 
programs that emphasise static maintenance of a specific 
lumbopelvic position during loading. Although this may 
be appropriate for some functions, restriction of motion 
does not necessarily assure stability of a system. 

A stable system is one in which its intended position or 
trajectory (i.e. movement path) can be maintained, despite 
perturbation or disturbance. 1 This may be achieved by 
restricting motion in some tasks (e.g. restriction of spinal 
motion during lifting), but requires movement to manage, 
reduce or transfer internal and external forces in others 
(e.g. counter-rotation of the shoulders and pelvis during 
walking) (Fig. 11.1). Further, in a complex dynamic system 
such as the spine, the stability of many goals (e.g. spine control, 
breathing, balance) must be maintained concurrently.2 

The 'core' refers to proximal regions of the body, which 
can include the spine, pelvis, scapulothoracic region and 
even the hips and shoulders. These regions are functionally 
distinct from the distal limbs, which have a critical role in 
fine controlled, goal-directed movements. The principal 
functions of the core are to provide a foundation for limb 
movements, a stable base for limb muscle contraction and 
a major contribution to overall postural control of the 

Figure 11.1 Optimal control of the spine depends on a 

balance between movement and stiffness. At one end 

of the spectrum are functions such as lifting that require 

high stiffness of the trunk; at the other are functions such 

as running and walking that demand movement to meet 

the demands of the task. Both too much and too little 

movement and stiffness could underlie suboptimal loading 

body. This latter aspect is particularly important as the 
trunk contributes about 70% of body weight. The focus 
of this chapter is consideration of the lumbopelvic region, 
but clinical management must involve consideration of 
the adjacent regions, as they cannot act independently. 

When the concepts of 'stability' and the 'core' are fully 
appreciated, it is clear that the design of exercise programs 
for lumbopelvic pain require the term 'core stability' to be 
applied in its broadest sense to encompass all features that 
might be necessary to ensure optimal control. This requires 
a motor control or learning approach, whereby muscle 
activation patterns, postures or alignments, and movements 
are trained, tuned or optimised to meet the demands of 
function3 (Fig. 11.2). Although restriction of motion may 
be encouraged for some functions and some patients, this 
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Figure 11.2 Contribution of body and mind to persistent 

pain. (a) The experience of pain involves peripheral and 

central components. Individual patients will vary in the 

relative contribution of peripheral and central contributions 

to their pain presentation. Some will maintain a major 

contribution of ongoing nociceptive input from suboptimal 

loading of tissues; others will have little input from tissues 

and major contribution from central processes. Motor 

control training is likely to be most effective for individuals 

with an ongoing contribution from peripheral afferents. 

(b) Different treatments will be required along the spectrum 

from treatments that target the body such as motor control 

training for core stability at one end, to psychologically 

grounded treatments for the mind at the other end 

depends on the presentation of the individual patient, 
whereas for other functions and other patients the exercise 
may aim to increase motion. 'Motor control training' is a 
general term used to describe a comprehensive approach that 
uses a range of strategies (from low load training of precise 
control of muscles, posture and movement; progression of 
exercise with increasing load and complexity; and functional 
retraining; through to strength and endurance training, as 
required) in combination with education and behavioural 
strategies to promote pain management. 

Training must: 

• optimise the balance between movement and stiffness 
(which differs between tasks) 

• consider the coordination of the multiple functions of 
the trunk and of the trunk muscles 
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• individualise the program to match the patient's 
unique presentation. 

This chapter provides an overview of the rationale for 
motor control training to optimise core stability in the 
management of lumbopelvic pain, outlines key principles 
underlying this approach and discusses common 
misconceptions. It also describes the typical process for 
planning a motor control training program; from detailed 
assessment of motor control, formulation of the clinical 
hypothesis, development of an exercise program to 
optimise loading, and planning for progression of exercise. 

RATIONALE FOR MOTOR CONTROL 
TRAINING FOR LUMBOPELVIC 
DYSFUNCTION 
The premise underlying the effectiveness of motor 
control training to optimise core stability is that for many 
individuals with lumbopelvic pain, suboptimal loading 
of structures of the spine and pelvis (as a result of the 
muscle activation, posture or alignment, and movement 
typically adopted by an individual) places the tissues 
at risk of trauma or microtrauma, and drives peripheral 
nociceptive input which contributes to the development 
and persistence of pain (Fig. 11.2). 

Motor control training of core stability aims to optimise 
tissue loading to prevent further injury and to reduce 
nociceptive afferent discharge.3 Although it is acknowledged 
that symptoms may persist in the absence of ongoing 
nociceptive input, and it is widely agreed that central 
sensitisation will contribute to the pain experience for many4 

(Fig. 11.2), individuals who retain a peripheral component 
to their symptoms are likely to benefit from reduction of 
this input through optimisation of the manner in which the 
individual loads their tissues and body. 

With the link between loading and pain in mind, it is 
clear that the exercise must be individualised to modify 
the features that are specific to the individual's unique 
presentation. Examples of suboptimal loading that could 
cause ongoing nociceptive input include reduced muscle 
activation leading to insufficient constraint or control 
of joint motion; sustained alignment of the pelvis and 
spine at the end of range of motion placing excess load 
on passive tissues;5 excessive motion of the spine and 
pelvis rather than the hip during leg movement;6 and 
excessive compressive load on the spine from augmented 
co-contraction of trunk muscles (e.g. during lifting7). 

Motor control training aims to change the suboptimal 
features of muscle activation, posture and movement to 
achieve optimal core stability with optimal tissue loading. 

Although it would be impossible to test the validity of 
every permutation of suboptimal tissue loading, evidence is 
beginning to emerge that loading can be related to symptoms, 



and optimisation of loading may be necessary for recovery. 
For instance, training that aims to restore activation of the 
deep abdominal muscle, transversus abdominis, is more 
effective for individuals found to have poor activation of 
this muscle on clinical assessment at baseline, and recovery 
of symptoms is related to recovery of function of this 
muscle in those individuals.8• 9 Further, low back symptoms 
are reduced when spine position is controlled during hip 
rotation in individuals who present with early and excessive 
lumbopelvic motion during this task. 10 

A thoughtful clinical reasoning approach is essential to: 

• determine whether the patient's pain presentation 
includes a component that is maintained by peripheral 
nociceptive input 

• identify any features of muscle activation, posture/ 
alignment and movement that underpin the 
suboptimal tissue loading for the individual through 
detailed clinical assessments 

• develop a clinical hypothesis to account for the 
relationship and inform treatment planning 

• develop an exercise program to target the motor 
control changes to optimise tissue loading. 

Of course it is critical to recognise that the presentation of 
lumbopelvic pain generally involves features within multiple 
domains of the biopsychosocial model (Chapters 15 and 
23). In addition to peripheral nociceptive input from 
abnormal tissue loading, there may also be sensitisation of 
pain processing at multiple levels of the nervous system 
and some features of unhealthy pain cognitions and social 
features (Fig. 11.2). Depending on the individual patient's 
presentation, treatment is likely to be optimised when all 
factors relevant for the patient's presentation are considered 
in treatment design. This will include considering additional 
measures to manage attitudes and beliefs about pain, as well 
as other aspects such as pain-coping skills. 

MOTOR CONTROL TRAINING TO OPTIMISE 
CORE STABILITY- KEY PRINCIPLES AND 
COMMON MISCONCEPTIONS 
Key principles that underlie the application of motor 
control training to lumbopelvic pain are reviewed below 
to clarify the basis for clinical decisions when designing 
an exercise program to optimise core stability. A number 
of misconceptions regarding the approach also require 
clarification. 

Optimal motor control requires a balance 
between movement and stiffness 
The primary focus of many exercise programs for core 
stability has been to restrict motion (e.g. exercises 
that target maintenance of lumbar and pelvic position 
during limb movement or side-bridging). Although these 

strategies to brace the trunk are appropriate and necessary 
for some tasks (e.g. lifting a 100 kg weight from the floor, 
which requires high stiffness of the spine), they are not 
appropriate for other functions, such as walking and 
running, where movement is essential for optimal task 
performance. Most functions require a balance between 
movement and stiffness to optimise tissue loading; the 
optimal balance depends on the task being performed. 

Sufficient stiffness is necessary to prevent collapse 
and maintain alignment. Movement is required to absorb 
impact, transfer load, minimise energy expenditure, 
allow some variation to share load between related 
structures, and to move along a trajectory. Even static 
tasks generally involve some movement (e.g. standing 
involves small movements to compensate for a range of 
challenges, including the cyclical postural disturbance 
from breathing 11) . A healthy system has the capacity to 
shift along a continuum from high stiffness at one end 
and high mobility at the other to match the balance 
between movement and stiffness required by task 
demands (Fig. 11.1). Individuals with lumbopelvic pain 
often present with inaccuracy in matching task demands. 

PRACTICE PEARL 

Evidence is emerging for poor control across 
this stiffness-mobility spectrum in people with 
lumbopelvic pain. This can present as excessive 
motion,12 excessive stiffness 13 or elements of both. 

A tennis player may use excessive lumbar rather than 
hip motion during a racket swing. A runner may brace the 
spine with excessive muscle co-contraction, and limit shock 
absorption and load transfer through the trunk. There may 
be a change in threshold, where a strategy normally reserved 
for a high load task is used at low load. All of these can lead 
to excessive tissue loading which is problematic for function, 
not only in terms of suboptimal lumbopelvic control, but 
also for the broader functions of the trunk. For instance, 
balance in standing is compromised if the trunk is stiffened.14 

On this basis it would seem inappropriate to apply exercise 
universally to enhance stiffness (e.g. bracing co-contraction 
of abdominal and extensor muscles) for every patient or for 
every functional context. Such strategies should be reserved 
to enhance stiffness for moments of high demand. Other 
exercise is required to train appropriate movement. 

Optimal lumbopelvic control involves 
three main neural strategies 
The nervous system employs three basic strategies to 
optimise lumbopelvic control. The first is reactive control 
in which the nervous system activates a pattern of muscle 
activation in response to sensory input. 15 This class of 
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response is involved in formulating the response when 
the system is unexpectedly disturbed (e.g. trip, slip, push) 
or to fine tune muscle activation. 

The second is preparatory control when the muscle 
activation required to control the lumbopelvic region 
can be initiated in advance of a disturbance. 16 This type 
of adjustment can only be used when demands can be 
predicted (e.g. voluntary initiated stepping, catching a 
watched ball). 

As reactions take time and not all disturbances can be 
predicted, the system relies on a third strategy of ongoing 
tonic muscle activation at a low percentage of contraction 
to maintain a state of preparedness, just in case the spine 
is perturbed. 17 

All muscles of the trunk can contribute to these 
three classes of motor control strategy. Dysfunctions may 
present in each and it may be necessary to consider all 
three in a treatment program (e.g. train reactive control 
through challenging the system with balance tasks; train 
preparatory control by pre-activating muscles in advance 
of a task; train sustained gentle tonic activation). 

Optimal motor control requires a whole 
system, not a single muscle 
A single muscle cannot be responsible for optimal motor 
control and core stability, and dysfunction would be 
unlikely to involve a single muscle. Instead control must 
depend on the integrated function of a whole system 
of muscles, and the muscles cannot be considered 
independently of the alignment of the spine and pelvis, 
and the pattern of movement. 

All muscles of the lumbopelvic region contribute to 
optimal control of the region and this is influenced by 
muscles of adjacent regions (e.g. hip/thorax). But this does 
not mean that all muscles serve the same role. As a general 
principle, deeper muscles with attachments to individual 
vertebra and limited moment arms for torque generation 
can play a primary role in controlling intersegmental 
motion. The larger more superficial muscles with a greater 
moment arm for torque generation are more critical for 
stiffening the spine when co-contracting in antagonist 
muscle pairs, and for generation and control of movement 
when acting asymmetrically or in specific patterns of 
activation that promote torque in a specific direction. 

PRACTICE PEARL 

Research evidence universally shows that the 

transversus abdominis and multifidus muscles are not 

the only muscles required for lumbopelvic control and 

no function involves activation of these muscles in the 

absence of activation of other trunk muscles. 
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Both of these contributions are essential and deficits in 
either would lead to problems. 

There has been considerable debate regarding the 
function and dysfunction of the transversus abdominis and 
multifidus muscles. 18· 19 Although always part of a more 
complex interplay of muscle activation, these muscles 
often act differently to other trunk muscles (e.g. less 
dependent on force direction, early and tonically), 16· 20 

which is related to their distinct mechanical contribution 
to control. 

Transversus abdominis acts primarily through gen
erating intra-abdominal pressure and tension of fascia) 
structures, both of which appear to control intersegmental 
and pelvic motion in multiple directions. Multifidus 
is situated close to the centre of rotation of the lumbar 
segments, suggesting limited role in torque generation. 
These muscles commonly have structural and functional 
changes in people with pain.21-24 

Together these observations provide a foundation for 
detailed consideration of these muscles in the management 
of lumbopelvic dysfunction. Backed by biomechanical 
and modelling data of a contribution to optimal control, 
individuals with compromised activation of these muscles 
are likely to contribute to abnormal tissue loading. These 
patients would be likely to benefit from restoration of 
control as part of a comprehensive training program that 
includes considering other muscles, posture and movement. 

Motor control training involves 
rehabilitation of whole system 
Considering the breadth of features of motor function 
that can underpin suboptimal tissue loading, it is clear 
that a motor control training program must address 
multiple features, including muscle activation, posture, 
or alignment and movement (Fig. 11.3). The exact 
features addressed and the combination depends on the 
individual's presentation and function. Thus, to optimise 
core stability, planning a training program to optimise 
motor control requires detailed assessment to identify 
features related to abnormal loading. 

In terms of muscle activation, motor control of core 
stability would be suboptimal if muscle activity was 
insufficient, excessive or lacked coordination in terms of 
timing, amplitude or pattern of activation. Insufficient 
activation (e.g. delayed activation of transversus 
abdominis21) may allow excessive motion or poor quality 
of motion within the normal range of motion, both of 
which would lead to increased tissue load. 

Excessive activation (e.g. augmented activation of 
obliquus externus abdominis) could restrict motion 
(limiting shock absorption and compromising function); 
increase joint load; and reduce variation (reduce sharing 
of load between structures). Poor coordination of muscle 
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Figure 11.3 Suboptimal motor control generally involves 

features of posture or alignment, movement and muscle 

activation. The combination of features differs between 

individuals and each needs to be addressed, although 

there will be some interaction between them with exercise 

that targets one aspect having an effect on others 

activation (e.g. en bloc activation of back muscles rather 
than differential activation) could change the location 
and amount of tissue load. None of these observations is 
universal and it would be illogical to target any change 
universally with exercise. The exercise program would 
involve the selection of techniques and strategies to 
change the pattern of activation. 

A common clinical strategy that requires additional 
explanation is the common objective to isolate the activation 
of deeper muscles with specific exercises. It is important 
to clarify that this strategy does not aim to encourage a 
patient to activate only these muscles in function, but to 
train the skill of activating the muscles so that a patient can 
then integrate their activation into function, along with 
correcting any other suboptimal feature of motor control 
that is identified in the patient's presentation. 

Like all elements of core stability, it is necessary to 
find a balance, and more muscle activity is not necessarily 
better. Although some degree of muscle activity, intra
abdominal pressure and fascia! tension improves control,25 

if these are in excess of demands, this will lead to 
additional load or restriction of movement. It is necessary 
to tune muscle activity to meet, but not exceed, demands 
and to reduce it if the muscle is overactive. 

Alignment or posture is also important. Although 
there is not one posture of the lumbopelvic region that 
is ideal for every patient, there is a range of features 

that clearly increase load on the lumbopelvic region.5 

Examples include resting at the end of range (e.g. sitting 
with posterior pelvic tilt with lumbar flexion); hanging 
on passive tissues (e.g. resting on an adducted hip in 
standing to tense the iliotibial band); and active holding of 
a posture by excessive muscle activation or asymmetrical 
postures. Changes to alignment or posture to reduce the 
resulting tissue loading may be necessary to optimise 
loading. This could be achieved with multiple techniques 
such as instruction, feedback, taping and manual therapy 
(see below). 

It is critical to consider the pattern of movement. Like 
posture, there are features of movement that are likely to 
be suboptimal.26 Every movement involves more or less 
ideal solutions and there are many ways that it can be 
suboptimal. Some examples include too little movement 
of a region or segment; too much movement; too little 
variation; and poor relationship between adjacent regions 
or segments. Again, selecting the strategy to change 
movement strategy in order to optimise load is required. 

It is clear that motor control training for core stability 
requires an individualised approach. This is based on 
clinical and experimental data. When outcomes of 
randomised clinical trials are considered, there is a 
tendency for greater clinical effect size in trials that 
involve individualised training of specific subgroups of 
patients.27 The least impressive outcomes are from trials 
that apply a generic treatment to a group of patients with 
non-specific back pain. 

From an experimental perspective, there is clear 
evidence that exposure to pain induces adaptations 
that vary between individuals. For instance, if healthy 
individuals are provoked by a noxious stimulus to the 
back, all adapt to protect the spine, but no two participants 
achieve this with identical patterns of muscle activation.28 

Further, not all patients present with deficits in activation 
of the deep trunk muscles (transversus abdominis and 
multifidus muscles), and those that do have a deficit in 
these muscles have a better response to training that 
includes training of these components than do patients 
who do not have a deficit to start with.9 Individualisation 
of training requires detailed assessment. 

Motor control training involves a motor 
learning approach 
When the objective of training is to modify specific features 
of motor control to optimise core stability, this can be 
targeted with a motor learning approach. Skill learning 
commences with identifying and then correcting the fault or 
suboptimal feature of a task. Once the modified skill is learnt, 
this can then be integrated into functions of increasing 
complexity. This applies to the learning of many skills.29 
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Figure 11.4 Motor control training for core stability. Training begins with detailed training of features of posture or 

alignment, movement and muscle activation that are considered to contribute to suboptimal tissue loading. Once these skills 

are learnt it is necessary to introduce static and dynamic challenges to encourage refinement and diversification of the skill. 

Functional training is necessary to ensure modified motor control strategies are introduced into functional tasks. Training 

then progresses to high performance for the unexpected. A range of issues, highlighted in boxes to the right, can be barriers 

to recovery and require consideration for individual patients if they are present 

When applied to motor control trammg for core 
stability (Fig. 11.4), the initial stage would involve 
modifying and tuning the features of muscle activation, 
posture or alignment, and movement that are identified 
in the assessment. This can be achieved by conscious, 
cognitive correction of the feature, with feedback (visual, 
ultrasound imaging, palpation, electromyography), or the 
use of techniques such as taping and manual guidance 
(see below). 

Skill learning can be enhanced by simplifying the 
task (e.g. non weight-bearing positions, slower speed) 
and segmenting a complex task into component parts 
(e.g. practice of correction of a muscle activation, practice 
of a specific alignment) prior to practice of a complete task. 
The selection of which features to address first depends on 
the individual. It is perhaps best guided by the features 
that are likely to achieve the greatest change in pain 
provocation or most able to be achieved by the patient. 

As with any skill training, once the skill is learnt the 
patient can be progressed by challenging the patient with 
more complex tasks (e.g. increased load, more challenging 
postures and movements). This can involve progressive 
levels of increased demand and it is generally necessary 
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to consider static control (of a specific alignment of the 
spine and pelvis) or dynamic control (of the lumbopelvic 
region as it moves) or control of the lumbopelvic region 
during whole body movement. Finally, the functions that 
a patient indicates are problematic can be practised with 
correction of the features of motor control. 

Interplay between motor control 
and biology of pain 
Motor control training would be expected to have a 
greater effect for patients with a nociceptive component. 
As highlighted above, but critical to reiterate, motor 
control training aims to optimise the load on the tissues 
and this is most likely to impact an individual's symptoms 
if they continue to have a nociceptive contribution 
to their symptoms (Fig. 11.2). Patients whose pain is 
maintained by central sensitisation may derive benefit 
from education of healthy movement, but this will impact 
their function through mechanisms other than reduction 
of peripheral nociceptive input, such as experience with 
healthy movement as a step towards fear-deconditioning. 

It must be remembered that pain is not 'in' the tissues 
and is a result of interplay between nociceptive input, 



biological processes in the periphery and the nervous 
system that both inhibit and facilitate the pain experience, 
and cognitive and emotional aspects such as distress or 
fear (Fig. 11.2). Pain is a construct of the nervous system 
on the basis of each of those inputs and processes. Pain 
can be maintained by ongoing nociceptive input from the 
tissues and in its absence. 

As highlighted above, the role of optimisation of 
tissue loading (through training of core stability) in the 
management of pain will be likely to be greatest in 
individuals with ongoing nociceptive contribution to 
pain. This type of pain is considered to have recognisable 
features such as a clear relationship with movement that 
is predictable and proportional, localised to an area, has 
clear aggravating and easing factors, and is localised on 
palpation.30 

A recent clinical trial showed that motor control 
training and a graded activity general exercise approach 
were equally effective when the whole group of non
specific low back pain patients were considered together; 
however, motor control exercise was more effective 
for those who responded to a questionnaire that, 
although developed to identify instability (which may 
be considered too narrow a view of suboptimal motor 
control), also identifies characteristics that are consistent 
with nociceptive-type pain.31 

Many patients also present with a host of biological 
changes (in addition to those that relate to suboptimal 
loading, such as modified inflammatory system activity32), 

and psychosocial features that also impact their pain 
presentation.33 When present, these are likely to impact 
the efficacy of an exercise approach focused on motor 
control. For some, those processes are dominant and 
should be the primary target of intervention, for others, 
a combined approach may be helpful-restoration of 
function, but with attention to how people move. 

An important consideration is that behavioural, 
psychologically informed treatments often encourage a 
patient to ignore pain, yet correction of motor control 
may demand consideration of when a movement is 
performed in a non-provocative manner. Care is required 
in selecting language to ensure the patient does not 
develop the belief that their spine is at risk and must 
be protected, which are concepts likely to reinforce 
unhealthy pain cognitions. 

Implications of the role of trunk muscles 
in respiration and bladder and bowel 
function 
In addition to their role in controlling the spine, trunk 
muscles, particularly those that surround the abdominal 
cavity, have critical roles in breathing and bladder and 

bowel function. These functions must be coordinated 
with the contribution of these muscles to lumbopelvic 
control. Yet in the present of disorders of continence 
(e.g. stress urinary incontinence), breathing (e.g. asthma) 
and back pain, the contribution to any or all of these 
functions may be disrupted.34 Coordination of these 
functions is particularly critical for application to sport 
and more demanding physical activity. 

Breathing requires modulation of pressure in the 
thorax-alternating activation of the diaphragm and 
other chest wall muscles in inspiration, and abdominal 
and internal intercostal muscles in expiration. These 
modulations of activity are coordinated with breathing 
in healthy individuals, but modified in those with 
respiratory disease and some with low back pain. Training 
to coordinate functions is likely to be required. 

In terms of bladder and bowel function, continence 
is maintained if the pressure in the urethra or rectum 
exceeds that in the bladder/colon. Abdominal and 
diaphragm muscle acnvity increase intra-abdominal 
pressure, which concomitantly raises bladder and bowel 
pressure. Pelvic floor muscle activation is necessary to 
elevate intra-abdominal pressure. Thus, coordination 
between spine control and continence functions of the 
whole lumbopelvic system, including the abdominal wall, 
back, diaphragm and pelvic floor, requires consideration. 
This is particularly the case in the presence of pelvic floor 
muscle dysfunction, which may present as compromised 
or excessive muscle activation, both of which would have 
consequences for optimal control of the spine. 

Is motor control training effective for 
everyone or is it more effective when 
targeted to specific individuals? 
As highlighted above, there is emerging evidence that 
motor control training for core stability is more effective 
for some individuals, and more effective when tailored 
to the individual patient. Hypothetically, motor control 
training would be more effective for patients and athletes 
presenting with symptoms that are related to modified 
loading (including an ongoing nociceptive component). 
As highlighted above, recent work highlights that the 
treatment is most effective for patients with a high score 
on a questionnaire which purports to indicate signs 
of instability.31 Further work is required to determine 
whether this questionnaire instead reflects signs of 
ongoing nociceptive contribution to pain. Further, 
training is more effective for patients who are identified 
to have a deficit in control of the deep trunk muscles at 
baseline.8• 9 It seems logical that this is not a treatment 
that can be applied in a blanket manner, but applied to 
the right patients and in a tailored manner. 
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PRINCIPLES OF THE CLINICAL 
APPLICATION OF MOTOR CONTROL 
TRAINING 
As highlighted above, the basis of a motor control 
approach for core stability is to optimise the manner in 
which a person loads the tissue of the spine and pelvis by 
addressing any suboptimal features of muscle activation, 
posture or alignment, and movement. It follows then 
that the application of motor control training requires 
careful assessment to identify the suboptimal features, 
and then design a treatment or exercise program to 
target these features, before progressing into functions of 
increasing complexity. The basic stages of a program to 
optimise motor control of core stability are presented in 

Figure 11.4. A brief overview is provided below (for a 
detailed review see Hodges et al.3). 

Assessment of motor control 
for core stability 
Assessment involves a series of screening tests to identify 
key features of muscle activation, posture and movement 
that could imply suboptimal loading, combined with more 
detailed analysis to identify the specific nature of the loading 
issue (Fig. 11.5). Subjective assessment is essential to provide 
initial guidance of key functional demands and provocative 
or relieving postures, movements or functions. Physical 
tests of motor control are based on the premise that it is 
possible to identify features of posture, movement or muscle 

Figure 11.5 Assessment of motor control of core stability requires detailed assessment of posture or alignment, muscle 
activation and movement. Posture or alignment is compared against an ideal which is refined for consideration of the 
individual patient. Muscle activation involves assessment of underactivity, overactivity, threshold and asymmetry of the whole 
trunk muscle system. Assessment can be informed by evaluating the capacity to activate the deeper trunk muscles and 
concurrent substitution by the more superficial or global muscles. Movement assessment involves assessing the pattern of 
movement against an optimal strategy during physiological movements (e.g. trunk flexion). functional movements (e.g. sit-to
stand) and specific clinical movement tests (e.g. hip rotation in prone) 
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activation that deviate from a predicted ideal and, in many 
cases, provoke symptoms. Provocation or relief of symptoms 
does not always provide a perfect indicator of the relevance 
of a motor feature for a patient's presentation. 

In some cases a clear relationship will be identified. But in 
others a highly inconsistent, unrepeatable relationship with 
motor features and disproportionate (area or intensity) pain 
provocation may be present. This may indicate a dominant 
central sensitisation, which might not be ideally managed 
with a motor control approach. For prevention of future 
symptoms of a patient in remission or for primary prevention, 
pain cannot be used as a guide, and the assessment depends 
on the clinician's understanding of ideal control. 

Assessment of muscle activation 
Assessment of muscle activation aims to identify 
evidence of overactivity or underactivity of any muscle(s). 
Observation of posture and movements can provide some 
indication of muscle activation (e.g. sitting with posterior 
tilt and extension at the thoracolumbar junction may 
suggest low activation of the multifidus and excessive 
activation of the thoracolumbar erector spinae). 

A variety of clinical tests is available to analyse muscle 
activation. Some examples are described here. The 
common clinical tests of independent activation of the 
transversus abdominis and multifidus aim to assess both 
(i) the function of these deeper muscles (e.g. poor ability 
to activate the transversus abdominis independently 
is related to delayed activation in function35), and (ii) 
evidence of substitution or overactivity of the more 
superficial muscles. Clinical tools, observation, palpation, 
ultrasound imaging and electromyography can be used 
for the assessment. The capacity of the more superficial 
trunk muscles to control the lumbopelvic region can be 
derived from static tests that assess the capacity to control 
alignment when force is applied (e.g. load-applied limb 
movement). The threshold load that can be controlled, 
asymmetry in control and excessive bracing are assessed. 

Assessment of posture or alignment 
Assessment of posture or alignment begins with the 
identification of features that differ from the predicted 
optimal posture. Although not optimal for all, a starting 
point for evaluating sitting or standing posture is to 
identify features that differ from an ideal that includes 
a level or slightly anteriorly tilted pelvis, gentle lumbar 
lordosis with a smooth transition to a gentle thoracic 
kyphosis, cervical lordosis, symmetry in frontal plane and 
no rotation in the transverse plane. For many, this posture 
optimises load sharing and requires only gentle muscle 
activation to maintain.36 This goal needs to be modified 
or refined when considering the individual patient as the 
same posture is not ideal for all. 

Assessment involves identifying features that deviate 
from this ideal with confirmation of the relevance for the 
patient's presentation by evaluating the response of pain or 
discomfort and muscle activation. The ideal may feel unusual 
to the patient, but it should not be painful or require high 
muscle activation to hold. Analysis of alignment is generally 
necessary in a range of relevant functional postures to 
identify suboptimal features using a similar approach. 

Assessment of movement 
Assessment of movement involves a similar process to 
assessment of posture except that every movement pattern 
has its own ideal pattern of motion and muscle activation. 
For instance, forward flexion involves sharing motion 
between the hips, pelvis and spine with a specific sequence. 
Clear understanding of the requirements of movement is 
required. Movement tests typically involve assessment of 
physiological movements (e.g. trunk flexion), standardised 
functional movements (e.g. sit-to-stand) and specific 
movement tests (e.g. control of the spine and pelvis during 
hip rotation in prone). Several clinical approaches have been 
developed that include specific tests of movement to assist 
in identifying relevant features of movement (e.g. movement 
systems impairment26). In the case of the management 
of athletes, it is essential for the clinician to have a clear 
understanding of the features of optimal performance of the 
typical motor functions involved. 

Consider subgrouping patients 
Assessment can be facilitated by consideration of patient 
subgroups. Subgrouping based on motor control features has 
been developed by several groups and can help to simplify 
the process of identifying the cluster of features that may 
require attention with training.26• 37 Subgrouping using this 
approach is based on the premise that there are groups of 
patients who present with a similar combination of motor 
control features that are related to their symptoms. When 
a clinician can identify the subgroup into which a patient 
belongs, then the task of selecting the combination of features 
that need to be prioritised and targeted with treatment can 
be simplified. For instance, if a patient is identified with a 
'flexion' motor control impairment,37 then the therapist can 
predict that relevant motor control features may include 
control of the lumbar lordosis, poor dissociation of motion 
of the pelvis and lumbar spine from the thoracolumbar 
junction, and compromised activation of the multifidus 
muscles. In this way subgrouping simplifies the clinical 
reasoning process by aiding the pattern recognition. 

Training of motor control for core stability 
At the conclusion of the assessment, a clinical hypothesis 
is formulated regarding the likelihood that suboptimal 
tissue loading is relevant for the patient's condition, 
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Table 11.1 Application of motor learning to skill training to lumbopelvic pain 

1. Cognitive phase of learning 

Learn and optimise features of basic motor skill, high degree of attention to: 

pattern of muscle activation 

alignment or posture 

movement strategy 

2. Associative phase of learning 

challenge control with Increasing demand 

diversify skill to different contexts 

refine skill: 

- static and dynamic challenges 

- different physical and mental contexts 

- enhance capacity for physical performance-endurance training or strength training for high-intensity control 

2. Associative 1thase ef learnin9 

attention demand reduced 

enhance versatility of skill: 

- Integrate learned features Into function 

- high performance training for the unexpected 

and the relationship between specific features of motor 
control and symptoms or potential symptoms. On this 
basis, an exercise program is tailored to modify the 
specific features of posture or alignment, movement and 
muscle activation to optimise tissue loading, with a plan 
for progression of exercise towards improved function. 

Training applies the same principles of motor learning 
used to develop any new skill, and involves a sequence of 
steps from initial learning of the movement components 
followed by progressions of increasing complexity and 
load. The initial step involves modifying the target 
features of motor control that have been identified in 
the assessment to be relevant for the patient's symptoms. 
This is generally achieved with cognitive training using 
the principles of motor learning (see Table 11.1).29 This 
process progresses from initial optimisation of the target 
features of motor control using a combination of exercise 
and clinical strategies that are tailored to the individual, 
followed by increasing the challenge to consolidate and 
diversify the control, and finally, integration into function. 

There is substantial evidence that the initial step of 
training should be specific to the identified problem (e.g. 
control of a specific alignment or muscle activation) and 
that cognitive training with attention to the task (feedback 
and understanding of the goal) leads to greater cortical 
changes than unskilled practice with load. The principles of 
segmentation (practice of the specific elements of a task that 
require change prior to integration into the complete task) 
and simplification (practice with reduced load, demand or 
complexity to enable high-quality performance of the trained 
element) are applied. A range of clinical techniques can be 

162 

tailored to the individual to achieve the required change in 
motor performance (Table 11.2). The basic objective of the 
first phase is to identify a strategy the patient or athlete can 
employ to modify the feature of motor control that requires 
improvement, followed by practice. 

Once the patient or athlete has learnt to change the 
feature of motor control that underpins the suboptimal 
loading, it is then necessary to progress the individual 
to be able to control these features with progressively 
challenging tasks. This associative phase of motor 
learning29 aims to refine the skill, diversify the skill and 
increase the physical capacity. 

Progression should include both static and dynamic 
exercises. Static progressions are very common and 
there are many examples of exercise approaches that fit 
this domain. The basic premise is that the alignment of 
the pelvis and spine is optimised and then maintained 
statically while load is applied through either the limbs 
or an external force. Threshold loads and asymmetries are 
identified and targeted with training. Typical examples 
are pilates exercises (e.g. reformer exercise with the pelvis 
and spine maintained statically as the limbs move to slide 
the body), leg loading tasks in supine, side-bridging, etc. 
Exercise difficulty is progressed by increasing the load, 
speed or task instability (e.g. less stable surfaces), and the 
ability to maintain control of the alignment is the cue to 
determining the task difficulty that can be tolerated. 

Dynamic progressions are less commonly applied in 
typical exercise programs, but they are no less critical for 
learning optimal control of the spine and pelvis. Dynamic 
training involves loading the corrected motor control 



Table 11.2 Clinical techniques to aid motor learning 

Instructions Verbal instructions to highlight how a task is 

to be performed differently 

'Roll forwards on tailbone'; 'gently flatten the lower 

abdomen' 

Imagery Mental image to help a patient understand 

the modification that is required 

'Lengthen spine' 

Manual guidance Therapist's hands on the patient to guide 

performance for patient to experience 

optimal performance 

Therapist's hands on superior edge of sacrum to 

guide anterior rotation of pelvis 

Manual cues Patient's hands placed on specific landmarks 

to provide feedback of optimal alignment or 

movement 

Patient's hands on manubriosternal junction and 

pubic symphysis to guide upright trunk alignment 

Dissociation tasks Change relative motion between adjacent 

regions of body 

Separate motion of the lumbar spine and pelvis 

from the thorax 

Feedback Provide information regarding accurate or 

inaccurate performance of task. Used to 

provide information of movement strategy, 

alignment and muscle activation 

Visual-mirror; ultrasound imaging (muscle 

activation) 

Kinaesthetic-tactile/palpation (finger and thumb 

on xiphoid and navel to provide feedback of 

thoracolumbar alignment), tape (applied to the 

lumbar spine for feedback of alignment) 

Auditory/visual-EMG biofeedback of obliquus 

externus abdominis to reduce overactivity 

Muscle activation 

Cues/reminders 

Manual therapy and 

connective tissue 

techniques 

Modification of muscle activity to enable 

change in posture or movement 

Technique to remind a patient to modify 

performance 

Modification of joint mobility, muscle 

activation, muscle tension 

feature during movement. As for static trammg, load 
is applied while the patient maintains some objective, 
which in this case is a specific feature of movement. 
Dynamic training can involve control of the spine as it 
moves, control of the spine as the whole body moves, 
or control of spine while the patient is supported on 
an unstable surface. Examples might include control of 
the lumbar lordosis during rotation of the spine, and 
maintaining spine alignment while using movement to 
balance on a balance board. 

Progression to functional exercise and functional 
tasks is essential. Transfer of improved motor control 
strategies to the patient's function is best achieved the 
closer to the function the person practices. This may 
require segmenting and simplifying a complex function 
initially to enable correct or optimal performance of 
the improved skill as a component of the complex task, 
but should progress to practice of the complete task. It 
is also necessary to provide challenges- physical (load, 

Palpation, observation, EMG biofeedback 

Tape applied to the lumbar spine that provides 

input to skin when the lumbar spine flexes 

Manual therapy to the thoracic spine to reduce 

thoracic paraspinal muscle activity 

endurance), emotional (stress, fatigue) and environmental 
(e.g. predictable, unpredictable) to ensure the skill is 
diversified to address all contexts (Fig. 11.4). Functional 
training requires that the patient or athlete has learnt 
to perceive (proprioceptive awareness) the correct 
performance in order to correct errors. A final phase is to 
challenge patients to prepare them for high performance 
with higher load and unexpected challenges. 

All patients need to progress through the basic 
sequence from initial correction of the relevant 
features of motor control to function, but some also 
require consideration of other issues to ensure optimal 
performance is achieved and to overcome potential 
barriers. For an individual patient this might include 
management of issues of control of adjacent joints (e.g. foot 
control problems that modify leg, pelvis, spine movement; 
scapulothoracic control), continence, breathing, balance, 
muscle strength and endurance, cardiovascular fitness, 
unhealthy beliefs and cognitions about pain and injury 
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and so on. Identification of these issues may be apparent 
from subjective questioning, observation of movement 
and specific tests or questionnaires. Treatments may need 
to be tailored for these aspects and draw on the expertise 
of other professionals. 

Motor learning requires permanence of the learnt 
motor function. Through practice and diversification, it is 
a key objective for the improved motor control strategy 
to be automatically applied in function. In situations 
of high demand, reinforcement through additional 
cognitive attention to the correction may be necessary. 
Development of a versatile and robust motor strategy 
requires practice and challenge. 

Training of motor control for core stability 
for prevention of pain and injury 
Although there is not yet sufficient high-quality evidence to 
support the assumption that applying the principles of motor 
control training can prevent pain and injury, it is plausible 
that identifying suboptimal features of posture or alignment, 
muscle activation and movement in an individual, and 
modifying those features with training, will help to prevent 
future development of pain. This is a topic of considerable 
interest and programs have been developed and applied 
with this in mind. The challenge is to identify suboptimal 
features that may be relevant for future development of pain 
or injury when provocation of symptoms is not available 
for confirmation that relevant features are identified. This 
approach depends on theoretical models that predict which 
features may be relevant and how they can be recognised. 
For athletic and sports performance this requires detailed 
understanding of optimal motor control for the specific 
sporting tasks. The approach of screening motor control for 
risk is strongly advocated by some.26 

Considerations for training of motor 
control for core stability in athletes 
Motor control of core stability is particularly relevant for 
athletes at all levels. The major issues that require specific 
consideration are: 

1. the features of motor control required to complete 
the task (e.g. the specific combination of movements, 
postures and muscle activation), which may be highly 
refined for the completion of the sport-specific function 
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2. the features of the task that may promote suboptimal 
control 

3. training load and demands required to maintain 
sporting or athletic performance. This demands that 
the clinician has expert knowledge of the sport being 
considered. 

Running is an ideal example to illustrate the breadth 
of goals that are inherent in optimal core stability for an 
athlete. When running, it is essential to maintain upright 
posture relative to gravity, to maintain the relative 
alignment between adjacent segments, both large (body 
regions- thorax relative to lumbar spine relative to pelvis) 
and small (intervertebral segments); while moving the 
spine to transfer load between body regions, absorb 
reactive moments from foot contact, minimise energy 
expenditre, achieve progression of the body through 
space; and maintaining respiration, continence, balance 
and cardiovascular function. 

Any perturbation to this system can disrupt the 
stability of the system (e.g. landing on the outside of 
the foot, an unexpected increase in respiratory demand, 
a modified muscle activation or movement strategy to 
avoid pain) and lead to interference with other elements 
in this delicate balance. A holistic view that considers the 
interaction between elements is necessary. For instance, 
a runner with low back pain may have augmented 
co-contraction of trunk muscles to protect the spine from 
provocation of pain, but this may then compromise the 
efficiency of the spine for shock absorption, load transfer 
and use of the chest wall motion to breathe. Detailed 
understanding of the mechanics of running (Chapter 8) is 
critical to identifying features that are suboptimal. 

CONCLUSION 
This chapter aimed to discuss the rationale for motor 
control training for core stability, to dispel some 
common myths and to provide an overview of the 
comprehensive program required to optimise motor 
control. It is critical to remember that core stability 
does not imply stiffness with a sole objective to restrict 
motion. Optimal control depends on a balance between 
movement and stiffness that is matched to the demands 
of the task. Motor control training must be matched 
to the presentation of the patient and to his or her 
functional demands. 



Chapter 12 

Preventing injury 

with ROALD BAHR, BEN CLARSEN and GRETHE MYKLEBUST 

An ounce of prevention is worth a pound of cure. 
Benjamin Franklin (1706- 1790) 

An important role for the sports medicine clinician is to 
minimise activity-related injury, that is, to improve the 
benefit:risk ratio associated with physical activity and 
sport. The 2000s saw a remarkable acceleration in the 
focus on sports injury prevention. Fortunately, athletes 
can now benefit from the knowledge that interventions 
can prevent many major injuries, such as acute knee, 
ankle and hamstring injuries. 

Sports injury prevention can be characterised as 
being 'primary', 'secondary' or 'tertiary'. In this book, we 
use the term 'prevention' synonymously with what is 
technically known as 'primary prevention'. 1 Examples 
of primary prevention include health promotion and 
injury prevention (e.g. ankle braces being worn by an 
entire team, even those without previous ankle sprain). 
Secondary prevention can be defined as early diagnosis 
and intervention to limit the development of disability or 
reduce the risk of re-injury. We refer to this as 'treatment' 
in this book (e.g. early treatment of an ankle sprain; see 
Chapter 17). Finally, tertiary prevention is the focus 
on rehabilitation to reduce and/or correct an existing 
disability attributed to an underlying disease. We refer to 
this as 'rehabilitation' (Chapter 18); in the case of a patient 
who has had an ankle sprain, this would refer to balance 
exercises and graduated return to sport after the initial 
treatment for the sprain. 

The proactive clinician will give prevention advice 
during consultations where treatment is being sought. 
Health professionals working with teams will initiate 
mJury prevention strategies, whether engaged in a 
traditional team sport like football, or working with a team 
of individual athletes such as in athletics or swimming. To 
guide this process, this chapter will introduce the concept 

of risk management,2 which includes systematic mJury 
surveillance, pre- and in-season strategy planning sessions 
with coaches, regular screening of athletes (see also 
Chapter 46), and the development of specific prevention 
programs for the team and for the individual athlete. 

From there, this chapter will cover specific topics in 
injury prevention, including: 

• prevention of hamstring strains, ankle sprains and acute 
knee injuries 

• prevention of overuse injuries 
• managing load to prevent injury 
• protective equipment 
• appropriate surfaces. 

A CONCEPTUAL APPROACH 
TO INJURY PREVENTION 
Willem van Mechelen et al. introduced the now classic 
conceptual model for research on sports injury prevention 
(Fig. 12.1).3 This model can be successfully applied by 
sports medicine clinicians as well. First, identify the 
magnitude of the problem and describe it in terms of 
the incidence and severity of sports injuries. If you are 
responsible for a team, this involves recording all injuries 
within the squad, as well as training and match exposure. 
Second, identify the risk factors and injury mechanisms 
that play a part in causing these sports injuries. For the 
clinician, this involves systematic steps to examine the 
athletes, and their training and competition program 
(see below). The third step is to introduce measures that 
are likely to reduce the future risk and/or severity of 
sports injuries, based on the aetiologic factors and injury 
mechanisms identified in the second step. Finally, the 
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1. Establish 
the extent of 
the injury: 

• incidence 
• severity 

4. Assess its 
effectiveness 
by repeating 
step 1 

2. Establish 
the aetiology and 
mechanisms of 
the injury 

3. Introduce a 
preventive 
measure 

Figure 12.1 A conceptual model of injury causation3 

FROM VAN MECHELEN ET AL 

effect of the measures must be evaluated by repeating the 
first step. In the research setting, preventive programs are 
best evaluated using a randomised controlled trial design. 
For the clinician responsible for a team, continuous 
surveillance of the injury pattern within the team will 
reveal whether changes occur in the injury rate. 

Clinicians wishing to prevent injuries in a systematic 
way could base their approach on the updated model 
by Meeuwisse et al. to describe the potential causative 
factors for injury.4· 5 This conceptual model was also 
expanded by Bahr and Holme6 and Bahr and Krosshaug7 

(Fig. 12.2). The model illustrates the multifactorial nature 
of sports injuries, emphasising the relationship of intrinsic 
and extrinsic risk factors to injury mechanisms. 

First, it considers the intrinsic risk factors- factors 
which may predispose or protect the athlete from 
injury. This includes athlete characteristics such as age, 
maturation, gender, body composition and fitness level. 
One factor that consistently has been documented to be 
a significant predictor almost regardless of the injury type 
studied is previous injury. Intrinsic factors such as these 
interact to predispose to or protect from injury. 

Intrinsic risk factors can be modifiable and non
modifiable, and both are important from a prevention 
point of view. Modifiable risk factors may be targeted 
for change (e.g. through specific training methods). Non
modifiable factors (such as sex) can be used to target 
intervention measures to those athletes who are at 
increased risk. An example of the clinical relevance of sex 
as a non-modifiable risk factor in sports injury prevention 
is the higher risk of injury to the anterior cruciate ligament 
(ACL) in female athletes compared with males. Female 
athletes are at up to six times greater risk for sustaining 
an ACL tear than their male counterparts in comparable 
team sports.8 

The second group of risk factors is the extrinsic factors 
athletes are exposed to; for example, floor friction in indoor 
team sports, snow conditions in alpine skiing, a slippery 
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surface (running track), very cold weather, or footwear. 
In the same way as intrinsic factors, extrinsic factors may 
increase risk (e.g. inappropriate footwear) or protect from 
injury (appropriate footwear). Exposure to such extrinsic 
risk factors may interact with the intrinsic factors to make 
the athlete more or less susceptible to injury. 

When intrinsic and extrinsic risk factors act 
simultaneously, the athlete may be at far greater risk of 
injury than when risk factors are present in isolation. 
Note that risk factors- intrinsic (e.g. muscle strength) and 
extrinsic (e.g. weather conditions)- are usually not static, 
but change with time, and can even change during one 
training session (e.g. due to fatigue). 

The inciting event 
The final component in mJury causation is the inciting 
event, which is usually referred to as the injury 
mechanism- what we see when watching an injury sit
uation. Again, it may be helpful to use a comprehensive 
model to describe the inciting event, which accounts for 
the events leading to the injury situation (playing situation, 
player and opponent behaviour), as well as to include a 
description of whole body and joint biomechanics at the 
time of injury (Chapter 8).7 Each injury type and each 
sport have their typical patterns, and for team medical 
staff it is important to consult the literature to reveal 
the typical injuries and their mechanisms for the sport 
in question. However, one limitation of the model is that 
it is not obvious how the team's training routine and 
competitive schedule can be taken into consideration as 
potential causes, and the model has therefore traditionally 
mainly been used to describe the causes of acute injuries. 
For overuse injuries, the inciting event is usually distant 
from the outcome. For example, for a stress fracture in a 
long-distance runner, the inciting event is not usually the 
single training session when pain became evident, but the 
training and competition program he or she has followed 
over the previous weeks or months. 

RISK MANAGEMENT: APPLYING 
PREVENTION MODELS TO YOUR TEAM 
For clinicians, the conceptual models can be adapted to 
identify potential causes of injury and develop a targeted 
prevention program. The key questions to ask are: What 
are the typical injuries? Who is at increased risk? Why? 
And how do injuries typically occur? 

When caring for a defined group of athletes such as a 
football team or an alpine skiing team, this can be done 
using a systematic risk management approach.2 This 
includes: 

• reviewing the literature- what are the typical injuries 
patterns in the sport? 



Risk factors for injury 
(distant from outcome) 

Internal risk factors: 

Body composition (e.g. 
body weight, fat mass, 
BMI, anthropometry) 
Health (e.g. history of 
previous injury, joint 
instability) 
Physical fitness (e.g. 
muscle strength/power, 
maximal 0 2 uptake,joi 
ROM) 
Anatomy (e.g. al ignm nt, 
knee intercondylar tch 
width) 
Skill level (e.g. sport
specific technique, 
postural stability) 

Exposure to external 
risk factors: 

Human factors (e.g. team
mates, opponents, referee) 
Protective equipment (e.g. 
helmet, shin guards) 
Sports equipment (e.g. skis) 
Environment (e.g. weather, 
snow and ice conditions, 
floor and turf type, 
maintenance) 

Injury mechanisms 
(proximal to outcome) 

Inciting event: 

Playing 
situation 

Player/opponent 
'behaviour' 

Gross biomechanical 
description 

Detailed biomechanical 
description 

Figure 12.2 A comprehensive injury causation model based on the epidemiological model of Meeuwisse et al.4 and modified 

by Bahr & Krosshaug.7 BMI = body mass index; ROM = range of motion 

• developing an injury surveillance program within the 
team- recording injury and participation data 

• season analysis- risk profiling the training and competition 
program 

• performing a periodic medical assessment- mapping 
current problems and intrinsic risk factors 

• developing and initiating a targeted prevention 
program. 

Reviewing the literature-risk 
identification and assessment 
Each sport has its typical injury pattern. Just think of 
the names of some sports injuries: tennis elbow, runner's 
knee, jumper's knee. For most sports, there is ample data 
in the literature to identify and assess the risks. Note that 
injury risk is not just a question of injury frequency- the 
severity of injury must also be taken into account. 

Injury data can be illustrated by a risk matrix that 
highlights risks in terms of likelihood and consequences. 
A risk matrix is a powerful tool for risk assessment. We 
derive the example shown in Figure 12.3 from soccer. 
It suggests that injury reductions in the areas of ACL, 
hamstring and ankle injuries are priorities. By further 
examining which factors contribute to the causation of 
these, we can formulate strategies to reduce injury rates. 
Therefore, in soccer it makes sense to target training 
programs to prevent ACL tears towards female athletes, 

Severity 

Catastrophic SCD 

Sewre 

Major 

Minor 

Insignificant 

Rare 

ACL 
Injuries 

(o ) 

Unlikely 

Hamstring 
strains 

((j' ) 

Moderate 

Ulcellhood 

Ankle 
sprains 

Likely 

ACL 
Injuries 

(\j! ) 

Hamstring 
strains 

(o l 

Cuts& 
bruises 

Almost 
certain 

Figure 12.3 Qualitative risk matrix in elite soccer, illustrating 

the relationship between injury severity (consequence) 

and injury incidence (likelihood). The darker the colour, 

the greater the cross-product of severity and incidence, 

and the greater the priority should be given to prevention. 

The matrix also illustrates that risk differs between males 

and females. (SCD = sudden cardiac death) 

while the lower risk among males may not justify such 
interventions. In contrast, a prevention program for male 
players should definitely focus on preventing hamstring 
strains. 
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Developing an injury surveillance 
program within the team 
Although basing the risk assessment on data from the 
literature is valuable, it is necessary to establish a system 
to monitor injuries and exposure to assess risk within 
your own team. For medical staff, recording injuries is one 
of the easiest tasks in risk management as we are required 
to keep accurate records of all assessments and treatment 
provided to our patients. Thus, establishing a surveillance 
system simply involves analysing information that is 
already there. To make this task even easier, excellent 
electronic tools are available, with the necessary statistical 
tools integrated in software used to keep routine patient 
records. 

Another task is to establish a system to record 
individual training and competition exposure within the 
team. This is a challenge for the medical team, since they 
are not always present during practices or on road trips. 
Therefore this task is often done by the coaching/fitness 
staff. Many of the injury-recording software programs also 
have the capability of recording exposure data, which can 
then be entered based on the coaching records. Exposure 
data is necessary to be able to calculate risk. 

The standard method for calculating injury incidence 
typically used in team sports is the number of time-loss 
injuries per 1000 hours of exposure. For some sports and 
specific player positions (e.g. a baseball pitcher), injuries 
per pitch may be a more appropriate measure when 
identifying relationships between injury and exposure. 
It may also be relevant to record exposure in relation to 
extrinsic risk factors, such as turf type (e.g. training on 
grass, gravel, artificial tur0, use of personal protective 

equipment, and whether the exposure is during 
competition or training. 

Interpretation of injury data is difficult unless exposure 
data are collected. Consider the example where there is an 
increase of 30% in the number of match injuries from one 
season to the next. If the number of matches also increased 
by 30%, then there would be no increase in injury incidence. 

A limitation with the standard methods for injury 
registration is that they substantially underestimate 
the true burden of overuse injuries due to a reliance on 
time-loss injury definitions. Overuse injuries represent 
the predominant injury type in sports that involve long, 
monotonous training sessions (e.g. cycling, swimming 
and long-distance running), as well as in technical sports 
that involve the repetition of similar movement patterns 
such as throwing or jumping. Symptoms such as pain or 
functional limitation most often appear gradually and 
may be transient in nature. Therefore it is likely that 
athletes will continue to train and compete despite 
the presence of overuse conditions, at least in the early 
phase. The same is the case for minor illness, such as the 
common cold. 

Thus many health problems, especially overuse 
problems, do not lead to time loss from sport and are 
therefore not recorded in standard injury surveillance 
systems.9 To address this limitation, Clarsen et at. 10• 11 

have developed the Oslo Sports Trauma Research Center 
(OSTRC) Questionnaire on Health Problems for prospective 
monitoring of all illness and injury, not just those leading 
to time loss from sports participation. This approach may 
be more appropriate for sports where overuse injuries and 
illnesses are expected to dominate. 

Oslo Sports Trauma Research Center Questionnaire on Health Problems 

The OSTRC Questionnaire on Health Problems is 

d istributed to athletes once a week to record and monitor 

the consequences of any illnesses and injuries they have 

incurred, including those that do not lead to time loss from 

sport. 10 Ideally, it is delivered as an electron ic questionnaire 

that directs ath letes only to re levant questions, based on their 

responses. 

The questionnaire begins with four key questions that al l 

ath letes shou ld answer (Tab le 12.1 ). If they indicate a hea lth 

problem in any of the questions (i.e. any response except the 

minimum va lue), they are then asked: 

• whether they are referring to an il lness or an injury 

• to provide the location (for injuries) or the symptoms (for 

illnesses) 
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• to indicate the number of days of t ime loss the problem 

has caused in the past week 

• whether they have received medica l attention for the 

problem 

• whether they have any more problems (in which case the 

questionnaire starts again). 

In some teams and organisations, this weekly 

questionnaire can act as an important communication 

platform between athletes and sports medicine clin icians, 

particularly when athletes are geographically dispersed and/ 

or have inconsistent contact with their team's medical staff. 

In these cases, it may be useful to add extra questions to the 

questionnaire such as 'who knows about this problem?' and 

'do you have any comments for your team medica l staff?' 



The severity of each reported problem is rated using the 

scoring system shown in Table 12. 1. By adding the scores 

for Questions 1 to 4, a severity score out of 100 can be 

calculated. This score is tracked over time to give a reflection 

of the overall impact of the problem and of fluctuations in its 

severity (Fig. 12.4a). Summary data for the entire team can be 

collected (Fig. 12.4b). 

Table 12.1 Oslo Sports Trauma Research Center Questionnaire on Health Problems 

Participation Severity score 

Q1. Have you had any difflcultles participating In normal training or competition due to injury, Illness or 

other health problems during the past week? 

• Full participation without health problems 

• Full participation, but with injury/illness 

• Reduced participation due to injury/illness 

• Cannot participate due to Injury/Illness 

Training volume 

Q2. To what extent have you reduced your training volume due to Injury, Illness or other health problems 

during the past week? 

• No reduction 

• To a minor extent 

• To a moderate extent 

• To a major extent 

• Cannot participate at all 

,rair.in9 velume 

Q3. To what extent has injury, illness or other health problems affected your sports performance during 

the past week? 

• No effect 

• To a minor extent 

• To a moderate extent 

• To a major extent 

• Cannot participate at all 

Train:ni velume 

Q4. To what extent have you experienced symptoms/health complalnts (e.g. pain, coughing, fever) during 

the past week? 

• No symptoms/health complaints 

• To a minor extent 

• To a moderate extent 

• To a severe extent 

0 

8 

17 

25 

0 

6 

13 

19 

25 

0 

6 

13 

19 

25 

0 

8 

17 

25 

continued 

169 



100 

80 
QJ 

0 
60 u 

(/) 

~ 
·~ 

40 > 
QJ 

VJ 

20 

(a) 

40% 

30% 
QJ 
u 
C 

~ 20% ro 
> 
QJ a: 

10% 

0% 

5 10 15 20 

- Achilles tendinopathy 

- Posteromedial stress fracture tibia 
- Influenza 

- Non-specific lumbar pain 

- Patellofemoral pain 

25 

Weeks 

30 35 40 45 50 

0 5 10 15 20 25 

Weeks 

30 35 40 45 50 

- Overuse injury 
- Acute injury 
- Illness 

(b) 

Figure 12.4 Example data from injury survei llance using the Oslo Sports Trauma Research Center (OSTRC) 

Questionnaire on Health Problems (a) Individual athlete data (b} Team data showing prevalence 

Season analysis-risk profiling the training 
and competition program 
One helpful method to manage risk in sports is a pre
season review of the planned training and competition 
program to identify risks. The method of season 
analysis therefore is fundamentally different from injury 
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surveillance, where data on injuries are collected as 
they happen. Season analysis represents an attempt to 

identify risks before they occur. Risks in the program can 
be related to the competition schedule, the training 
program, the possibilities for athlete recovery, travel or 
other issues. 



Jan. Feb. Mar. Apr. May June July Aug . Sept. Oct. Nov. Dec. 

Basic training 2 .,,- t ( ---...... 8 
'-- ___, 

Training camp 1 c■::: ~ 3c-= E0 -~ 5 - 7 Competition 4 C ' 
I 

-
Rest period -

Figure 12.5 Risk profile. Examples of periods of season when a college basketball team may be at particular risk of injury. 

The comments below concern the risk periods that are circled . 

1. Change of time zone, off-court training surface, climate and altitude during training camp in Colorado. Emphasis on defensive 

stance training and quick lateral movements could lead to several groin injuries (Chapters 31 and 32). Athletes should not 

Increase the amount or Intensity of training too much. 

2. Transition to greater amount of on-court training and Intensity, combined with several practice games. Floor surface quite hard. 

Risk of lower limb Injuries such as Achilles tendinopathy, medial tlbial stress syndrome. 

3. New training camp to fine-tune players before beginning the competitive season; practice games on unusually slippery courts. 

Competition to avoid being cut from the squad leads to Increased intensity during training and competition. 

4. The beginning of the competitive season. A higher tempo and a packed competitive schedule to which the athlete Is 

unaccustomed. Risk of overuse injury (e.g. patellar tendinopathy, tlbial stress fracture) compounded by heavy academic program 

leads to additional fatigue. 

5. High risk of acute injuries during the competitive season, and a tough competition schedule at full Intensity. 

6. Interposed period of hard basic training, with strength exercises to which the athlete Is not accustomed, and plyometrlc training 

Increases risk of tendinopathy and muscle strain. 

7. The end of the competitive season. Worn out and tired players? This Is an Important time to treat low-level 'grumbling' injuries 

aggressively. Waiting for the injury to heal with 'rest' alone Is not recommended. 

8. Transition to basic training period with running on trails. 

The analysis is based on the idea that the risk of 
injuries is greater during transitional periods and that 
each stage has certain characteristics that may increase 
risk. Examples are when athletes switch from one training 
surface to another (e.g. from grass to gravel) or to new 
types of training (e.g. at the start of a strength training 
period). Figure 12.5 illustrates how a team may be at 
particular risk for different injury types at different stages 
of the season. Other examples of key events which could 
be correlated with increased injury risk include: 

• poor sleep due to tight schedule or time differences 
• changeover from heavy pre-season training to competition 
• return to play after mid-season pause 
• beginning of final rounds 
• increased training and competition load associated 

with representative duties 
• change of coach/manager with different training methods 
• change in training volume 
• change of climate (e.g. move from a training camp in a 

warm climate to a colder climate) 
• selection time for important matches (e.g. representative 

schedule- a player may hide early symptoms of an 
injury, thinking this may prevent selection). 

Although medical personnel responsible for teams or 
training groups may have to initiate this type of analysis, 

it is strongly recommended that the process be done in 
collaboration with the coaching team and, if at all possible, 
the athletes. Their inclusion will enable them to draw on 
their past experiences with the team, which is especially 
important if there are no injury surveillance data available 
from the past. If injury surveillance data are available, the 
season analysis is an opportunity to review past experiences 
formally, and discuss whether the injury patterns seen may 
be related to the training and competition program. For 
example, a surge in stress fractures in a soccer team may 
be attributed to a simultaneous increase in the volume of 
running and a change from a soft to a hard running surface. 
This type of analysis is an important basis for planning 
preventive measures, particularly to avoid overuse injuries. 
The risk profile usually varies from sport to sport, which 
underlines how important it is that medical staff be intimately 
familiar with the characteristics of the sport they cover. 

The periodic medical assessment
mapping current problems and intrinsic 
risk factors 
Periodic medical assessments (PMAs) are routinely 
performed on hundreds of thousands of athletes around 
the world every year, in some cases required by spores 
regulations or even by law. 
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PRACTICE PEARL 

The value of doing routine physical exams on 

athletes is questionable. If done properly, they can 

represent a key ingredient in the risk management 

program. If they are done simply to clear athletes for 

participation, their value in injury prevention is limited. 

Unfortunately, this is commonly the case. 

Chapter 46 provides a detailed discussion of the many 
potential objectives of performing a PMA. In a prevention 
context, two of these are particularly relevant: 

1. to identify current illnesses, injuries and chronic 
medical conditions 

2. to identify factors that increase risk of future injury or 
illness. 

While a PMA is often referred to as a pre-participation 
or pre-season examination, it is better performed at the end 
of the season, when there is still sufficient time for optimal 
treatment and rehabilitation of ongoing illness or injury and 
time to work on correcting any risk factors identified. 

The factors included in the PMA should be tailored to 
the sport in question, by focusing on conditions known 
to be particularly prevalent (e.g. low back problems in 
rowers, eating disorders among female gymnasts, reduced 
pulmonary function among cross-country skiers), or where 
the physical requirements of the sport imply a higher risk of 
certain conditions (e.g. Marfan syndrome among basketball 
or volleyball players). However, if the purpose is to identify 
risk factors to predict future injury, the value of doing 
routine examinations alone is limited. For screening exams 
to serve a purpose in risk management, there are some 
additional requirements. First, the exam must be designed 
to identify athletes with risk factors relevant to the sport in 
question. Second, there must be a plan to follow up athletes 
with measures intended to reduce risk, if risk factors are 
identified. Third, the screening exam and follow-up must be 
planned and led by the medical and coaching staff of the 
team. Let us consider each of these requirements in tum. 

1. Identify athletes with risk factors 
The first requirement, that the exam be designed to 
identify athletes with risk factors relevant to the sport in 
question, is rarely met in current practice. In fact, in most 
cases the same screening exam is used across sports. This is 
inappropriate. There can be no single recipe for all sports, 
as injury patterns and risk factors differ significantly. To 
design a screening program for one particular sport, it is 
therefore necessary to define the key injury types (based 
on data from the literature on incidence and severity, 
and preferably also surveillance data as described earlier), 
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and then to define the key risk factors (for these injuries). 
Based on this information, the screening exam can be 
tailored to the sport. 

Even if the key risk factors have been defined, a key 
task remains- to select appropriate methods to screen 
for these risk factors. Screening methods should be valid, 
accurate, sensitive and specific. Valid means that the 
testing method measures the factor you wish to measure. 
For example, if low hamstring strength is a risk factor for 
muscle strains, what method should be used to measure 
this best? That the test is accurate (reliable), means that 
it will yield the same result each time. Finding valid and 
accurate tests to measure relevant risk factors is difficult. 

However, to predict who may be at increased risk for 
injury is nearly impossible. A testing method with high 
sensitivity will identify all players with increased risk. A test 
with high specificity will identify only players with increased 
risk. Few, if any, tests exist which can clearly distinguish 
between athletes with high and low risk for a sports injury. 12 

In fact, no tests exist which have high sensitivity and high 
specificity to predict future injury. Therefore, screening tests 
should be interpreted with caution. 

2. Plan to follow up risk factors 
The second requirement is that if the presence of a known 
injury risk factor is identified, an appropriate course of action 
can be taken to control the risk. If strength is inadequate, it 
should be followed up with a strength training program. If 
balance is poor, a training program should be designed and 
implemented to rectify this. This might be on an individual 
level, but in the absence of predictive screening tests, a team 
approach is probably more appropriate. 

3. Medical and coaching staff of the team must 
be involved in screening and follow-up 
In community-level sport, it may be tempting for a club 
or school to enlist the assistance of local sports medicine 
personnel to screen their athletes. This is only advisable 
if they can establish a mechanism to communicate the 
results to the team, and there are resources to follow up 
athletes with health problems or risk factors. Also, the 
specialist must be up to date with screening methods for 
the sport in question and their interpretation. 

Developing and initiating a targeted 
prevention program 
The final step in the risk management process is to assess 
the risks to the team and the individual athlete. The injuries 
(and illnesses) to be targeted are identified from the risk 
matrix (Fig. 12.3), the scientific literature and team injury 
surveillance data from past seasons. The season analysis may 
have identified specific risks associated with the training and 



compennon program Finally, the specific injury and risk 
profile for the individual athlete is mapped through the PMA. 
Based on this assessment, a prevention program targeting 
these risks should be developed for the team and for the 
individual athlete. The next sections provide examples of 
prevention programs targeting three acute sports injuries
hamstring strains, ankle sprains and acute knee injuries. 

PREVENTING HAMSTRING STRAINS 
Hamstring strains are frequent in sports involving maximal 
sprints and acceleration. Among sprinters, hamstring strains 
represent approximately one-third of all acute injuries.13 

In studies from professional sports, hamstring strains rank 
as the frrst or second most common injury in soccer, 14- 17 

Australian rules football, 18• 19 rugby union and league,20, 

21 and American football,22• 23 accounting for one in every 
five to six injuries in most studies. There also seems to be a 
trend with a gradual increase in the proportion of hamstring 
strains compared to other injury types.24• 25 Hamstring strain 
injuries are also common in dancing and waterskiing.26 

Injury mechanisms 
Hamstring strains most often occur during maximal 
sprints. It is difficult to document exactly at what time 
during the running cycle injuries occur.27 However, since 
the net moment developed by the hamstrings is thought 
to be maximal in the late swing phase right before heel 
strike, this is thought to be a vulnerable position.28• 29 In 
this instance, the hamstring muscles work eccentrically. 
Another suggestion is at push-off. 

Risk factors 
A number of risk factors have been proposed for hamstring 
strains, the most prominent being the following four intrinsic 
factors: age; previous injury; reduced hip range of motion 
(ROM); and poor hamstring strength.6• 30 In theory, limited 
ROM for hip flexion could mean that muscle tension is at its 
maximum when the muscle is vulnerable close to maximum 
length. However, this hypothesis has yet to be confrrmed, 
since there are several studies on soccer players suggesting 
that hamstring flexibility is not a risk factor for strains.31• 32 

Low hamstring strength would mean that the 
forces necessary to resist knee flexion and initiate hip 
extension during maximal sprints could surpass the 
tolerance of the muscle-tendon unit. Hamstring strength 
is often expressed relative to quadriceps strength as the 
hamstrings:quadriceps ratio, since it is the relationship 
between the ability of the quadriceps to generate 
speed and the capacity of the hamstrings to resist the 
resulting forces that is believed to be critical. Several 
studies show that players with low hamstring strength 
or low hamstrings:quadriceps strength ratio or side-to-side 
strength imbalances may be at increased risk of injury.6 

A history of previous hamstring strain greatly increases 
injury risk, as documented in numerous studies.6• 33• 34 

Injury can cause scar tissue to form in the musculature, 
resulting in a less compliant area with increased risk of 
injury. A previous injury can also lead to reduced ROM or 
reduced strength, thereby indirectly affecting injury risk. 
Soccer players with a history of previous hamstring injury 
have a 5-7 times higher risk of injury. 

Older players are at increased risk for hamstring strains, 
and although older players will be more likely to have a 
previous injury, increased age is also an independent risk 
factor for injury.32• 34 

Short fascicle length in the long head of the biceps femoris 
is an independent risk factor, especially when combined with 
low levels of eccentric knee flexor strength.35 Notably, the 
greater risk of a future strain injury in older players or those 
with a previous hamstring injury is reduced when they have 
longer fascicles and high levels of eccentric strength. 

It has been suggested that an indicator of susceptibility 
for the damage from eccentric exercise is the optimum 
angle for torque.36 When this is at a short muscle length, 
the muscle is thought to be more prone to eccentric 
damage, but this theory has been challenged.37 

Other risk factors, which have been suggested but are less 
well studied include race, sex, level of play, player position, 
improper running technique, superior running speed (peak 
performance), low back pain, increases or changes in the 
training program (particularly intense periods of training), 
insufficient warm-up and muscle fatigue. Players of African 
or Australian Aboriginal origin sustain sigriificantly more 
hamstring strains than Caucasian players,34 and it has 
been suggested that these players may be faster rurmers 
when compared to their Caucasian counterparts, possibly 
because of a higher proportion of type II muscle fibres. A 
faster running speed will generate higher hamstring torques, 
which may explain the increased injury risk. 

Prevention programs 
There are no intervention studies on elite athletes on the 
preventive effect of flexibility training on hamstring strains. 
However, one study on military basic trainees indicates a 
reduced number oflower limb overuse injuries after a period 
of hamstring stretching,38 while another military-based study 
found no effect of stretching.39 However, it should be noted 
that these studies were designed to examine the effect of 
general stretching on lower limb injuries in general, not a 
specific hamstring program on hamstring strain risk. 

Questionnaire-based data on flexibility trammg 
methods collected from 30 English professional football 
clubs, where the stretching practices of the teams were 
correlated to their hamstring strain rates, indicate that 
using a standard stretching protocol reduces injury risk.40 

A study from Australian rules football has observed a 
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reduction in the incidence of hamstring strains with a 
three-component prevention program, where stretching 
while fatigued was one of the components.41 The other 
factors in the program were sport-specific training drills 
and high-intensity anaerobic interval training. Thus, it 
is not possible to determine which of these factors are 
responsible for the observed effect. 

The best evidence for injury prevention is available 
for programs designed to increase hamstring strength, 
particularly eccentric hamstring strength. Some studies 
indicate that low hamstring strength may be a risk factor for 
sustaining hamstring strains,3 1• 42• 43 particularly eccentric 
strength.44• 45 EMG studies have shown that activity is 
highest late in the swing phase and during heel strike, 
when the hamstrings work eccentrically or transfer from 
eccentric to concentric muscle action.29• 46 It is assumed 
that most hamstring strains occur during eccentric muscle 
actions, when the muscle activity is highest.34• 35 It is well 
documented that strength training is mode specific.47· 48 

Based on this it may be argued that, to be specific, strength 
training for the hamstring muscles should be eccentric. 

Recent studies from Scandinavia have shown that 
replacing the traditional hamstrings strength exercise 
used by teams- hamstring curls- with exercises to develop 
eccentric strength reduces the risk of hamstring strains.14•49 

Traditional hamstring curls were ineffective in increasing 
eccentric hamstring strength among elite athletes.50 In 
contrast, a simple partner exercise- the Nordic hamstring 
lower (Fig. 12.6)- improved eccentric strength.50 A pilot 
study has also shown that using a special apparatus- the 
Yo-Yo™ flywheel ergometer- also increases eccentric 
hamstring strength.51 Both of these methods prevented 
hamstring strains in studies on soccer players 14• 49-52 and 
rugby union players.20 

Because it is easy to implement Nordic hamstring 
exercises in a team setting, we recommend this exercise 
as a specific tool to prevent hamstring injuries. However, 
to avoid delayed onset muscle soreness it is important 
to follow the recommended exercise prescription with 

Figure 12.6 The Nordic hamstrings exercise. Subjects are 

instructed to let themselves fall forwards, and then resist 

the fall against the ground as long as possible by using 

their hamstrings 

a gradual increase in trammg load when introducing a 
program of Nordic hamstring lowers (Table 12.2). By the 
end of a 10-week training period, many players are able to 
stop the downward motion completely before touching 
the ground (i.e. at about 30° of knee flexion), even after 
being pushed by their partners at a considerable speed. 
When a player can reach this stage, the characteristics of 
the Nordic hamstring lower exercise appear to resemble 
the typical injury situation: eccentric muscle action, high 
forces and near full-knee extension. The program has been 
implemented in several different sports and younger age 
groups, and injuries from the exercise itself have not been 
recorded. 

PREVENTING ANKLE SPRAINS 
with EVERT VERHAGEN 

Ankle sprains are the most common injuries seen in sports 
and recreational activities. Nearly every fifth patient seen 
in the emergency room after sports-related injuries has 

Table 12.2 Training protocol for Nordic hamstring exercises (see Fig.12.6).50 Load is increased as subject can withstand 
the forward fall longer. When managing to withstand the whole ROM for 12 reps, increase load by adding speed to the 

starting phase of the motion. The partner can also increase loading further by pushing at the back of shoulders 

2x5 

2 2 2x6 

3 3 3 X 6- 8 

4 3 3 X 8- 10 

5-10 3 3 x 12/10/8 reps 
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sustained an ankle sprain.53 It has been estimated that 
there is one ankle sprain per 10 000 persons each day, 
which translates to approximately 10 million sprains every 
year in the United States alone.54 It has been estimated 
that about 25% of all injuries across all sports are ankle 
injuries, and even more in some sports like volleyball, 
basketball and orienteering.55-60 

Injury mechanisms 
The rypical injury mechanism is landing or stepping 
with the foot in an inverted position (i.e. plantarflexed, 
internally rotated and supinated}. With the foot in this 
position, the ankle joint is inherently unstable. The 
posterior talar plafond is more narrow than the anterior 
portion, thereby reducing the bony stability of the 
ankle mortise when the foot is plantar flexed. Unless 
the dynamic musculotendinous ankle stabilisers can 
compensate for this reduced structural stabiliry when 
the ankle joint is perturbed, the ligaments that statically 
stabilise the lateral ankle are acutely overloaded when the 
athlete puts weight on the inverted foot. In soccer, such 
perturbations often result from tackles, where the player 
receives a laterally directed hit on the medial side of the 
ankle or lower leg, whereupon landing in a supinated 
position leads to an inversion sprain.55• 56 In volleyball and 
basketball, injuries often result from landing on the foot of 
an opponent or teammate_57-59 

Risk factors 
The most important risk factor that has been identified 
for ankle sprains is a previous ankle injury in the past 
12-24 months. In fact, research has shown that among 
adult athletes, four out of five ankle sprains occur in 
previously injured ankles.59• 61• 62 Compared to an ankle 
with no prior injury, the risk of injury is fourfold greater 
for an ankle that has been sprained one or more times.57 

Furthermore, the more recent the injury, the higher the 
risk. The injury rate during the first 6-12 months after 
an ankle sprain is nearly tenfold higher than for an ankle 
without previous injury. Following an ankle sprain, the 
proprioceptive system of the ankle is affected, hampering 
the stability and sense of movement of the ankle joint. 
This subsequently leads to more inverted positions upon 
landing from a jump or stride, as well as lesser control 
over the dynamic musculotendinous ankle stabilisers to 
counteract perturbations, leading up to a higher chance of 
subsequent injury in equal situations.63• 64 

Postural sway is closely linked to a previous ankle sprain 
occurrence.65 Postural sway is generally characterised in 
a practical approach that involves measurements of the 
duration of time that a subject can maintain a single
leg stance without touching down to recover balance. 
Athletes who are able to maintain a single-leg stance for 

at least 15 seconds are considered to have normal posture, 
while those that touchdown to regain balance within the 
15-second test are considered to have abnormal posture. 
Athletes with abnormal posture are more likely to suffer 
ankle sprains. 

A number of other risk factors have been suggested to 
be associated with an increased injury risk, such as sex, 
height and weight, limb dominance, foot type, foot size, 
anatomic alignment of the lower extremity, ankle ROM, 
ankle and generalised joint laxiry, and muscle strength. 
However, the relationship between these factors and 
injury risk appears to be weak.65 

Prevention programs 
There is strong evidence that taping or bracing should 
be recommended for a period of up to 12 months after 
an ankle sprain, when risk of injury is increased several 
times.66 The mechanism by which such ankle orthoses 
are thought to work is not known with certainty, 
but may involve simply enhancing the athlete's 
proprioceptive awareness of the ankle joint. This view 
is corroborated by the fact that the preventive effect of 
braces is limited to players with previous injury, where 
proprioceptive function is reduced.67-70 In addition, 
orthoses do not seem to restrict ankle inversion 
enough to explain their prophylactic effect on ankle 
sprain incidence. If the protective effect were purely 
mechanical, one would expect an effect in healthy, 
previously uninjured ankles as well. The latter has been 
shown in basketball, but this finding remains to be 
confirmed in additional research.71 Many different ankle 
supports are commercially available. 

Ankle taping restricts inversion motion, although it 
appears that ankle supports are superior to ankle taping 
since ankle supports do not lose their abiliry to restrict 
inversion, while tape does 'loosen up' after several 
repeated cycles of vertical jumping. Unlike semi-rigid 
orthoses, the effectiveness of ankle taping has not been 
tested in randomised controlled trials, but if the effect 
is mainly through enhancement of proprioception, there 
is no reason to expect taping has less preventive effect 
than orthoses. Other factors, such as cost and skin care, 
should also be considered in the choice between tape 
and orthoses. Finally, there is no evidence that wearing 
an ankle orthosis increases the incidence of knee injuries, 
and most studies suggest that semi-rigid orthoses do not 
significantly impair athletic performance.72 

Tropp et al.68 and others69• 70 have shown that pro
prioceptive function is reduced in athletes who complain of 
a feeling of persistent instabiliry following an ankle sprain. 
Sensorimotor control of the affected ankle joint is impaired 
irI the immediate recovery period following an acute 
sprairI,63• 64 but studies have shown that this function can 
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Figure 12.7 Balance board training 

be restored through a balance board training program.73-75 

In these studies, proprioceptive function was quantified by 
measuring the reaction time to a sudden inversion strain, or 
the degree of postural sway during a one-legged balance test. 
It should be noted that the use of the term proprioceptive 
function, which is defined as the function of the afferent 
components only, may be inappropriate in this context. The 
ability to react to a sudden inversion stimulus or balance 
on one leg clearly depends on both sensory and motor 
function, and should perhaps therefore be termed sensori
motor control. 

The preventive effect of balance and sensorimotor 
exercise has been well described in the literature.66• 76 A 
balance board training program has been shown to reduce 
the risk of re-injury in functionally unstable ankles in soccer 
players.68 This basic program consists of balance exercises 
on one leg on a disc (Fig. 12.7). Over the years, this basic 
program has evolved into a variety of sports-specific 
multifaceted sensorimotor training programs that involve 
more types of exercises than one-legged balance exercises 
alone. In a one-season randomised trial, for example, balance 
exercises were introduced as part of the regular warm-up 
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for high-level recreational volleyball players.77 Ankle sprain 
incidence was reduced by 60% among players who reported 
a history of previous injury. Other effective examples can 
be found for other sports including soccer,78 handball,79 

basketball80 and American football. 81 

The specific preventive effect of sensorimotor training 
has also been studied as part of the rehabilitation process 
after an initial ankle sprain. This yielded positive results 
not only for the prevention of secondary injury,82 but 
also for other complaints that may persist or develop 
after the initial ankle injury, such as pain and instability.74 

Consequently, clinical care guidelines advocate the 
application of sensorimotor training within or straight after 
the rehabilitation phase after an ankle sprain.83 

The exact intensity and duration of the program depends 
on the individual patient and the severity of the initial 
ankle sprain. 

PRACTICE PEARL 

It appears reasonable to recommend a program of 
10-20 minutes of balance board training five times 
a week over 10-12 weeks for all athletes with a 
history of ankle sprain (Fig. 12.7). 

In other words, taping, bracing and neuromuscular 
training are all effective for the prevention of ankle 
sprain recurrences. Although preventive effects have 
been reported in a general athletic population, evidence 
suggests this overall effect is due to a strong preventive 
effect in previously injured athletes (tertiary prevention) 
and that any effect on fresh ankle sprains (primary 
prevention) is either non-existent or very low. 

The next question is then: which measure should be 
preferred for the prevention of ankle sprain recurrences? 
Naturally, the answer is that the method the athlete 
prefers will achieve the best results. After all, this is the 
measure that the athlete is most likely to use. However, a 
combination of an extrinsic prophylactic measure (tape or 
brace) with neuromuscular training will probably achieve 
the best preventive outcomes with minimal burden for 
the athlete (Fig. 12.8). 

The preventive potential of combining bracing/taping 
with balance training lies in the different pathways 
through which these measures achieve their preventive 
effect. Extrinsic measures provide immediate protection, 
but only when worn, as they only provide support for a 
previously injured ankle and do not target the underlying 
neuromuscular impairment. Neuromuscular training 
targets the underlying risk-increasing pathology, but it 
takes some time before a preventive effect is established. 
When extrinsic measures are employed during the 
period of neuromuscular training, the patient benefits 
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from an immediate risk-reducing effect while targeting 
the underlying causes of an increased recurrence risk. 

PREVENTING ACUTE KNEE INJURIES 
Preventing major knee injuries such as ACL ruptures 
should be a priority in many sports, especially those 
characterised by pivoting movements, sudden changes 
of direction, and accelerations and decelerations. ACL 
ruptures are one of the most common types of serious 
sports injury. For example, a typical elite-level female 
soccer team can expect one ACL injury every season.84 

Due to the costly treatment, long rehabilitation time 
and increased risk of osteoarthritis associated with ACL 
injuries, they have received a great deal of attention in 
sports injury prevention research. Much of the research 
is also relevant to other types of traumatic knee injuries. 

Injury mechanisms 
Approximately 70% of ACL injuries occur in non-contact 
situations, often during a cutting manoeuvre or a single-leg 
landing after a jump.85 Cutting or sidestep manoeuvres are 
associated with dramatic increases in the varus-valgus and 
internal rotation moments, as well as deceleration. 

The typical ACL injury occurs with the knee externally 
rotated and in 10-30° of flexion when the knee is placed 
in a valgus position as the athlete takes off from the 
planted foot and rotates their upper body with the aim of 
suddenly changing direction. ACL injury mechanisms are 
discussed in detail in Chapter 35. 

Risk factors 
The most important inmns1c risk factor for ACL injury 
is sex, with studies in soccer, basketball, handball and 
wrestling showing that females have a 2-4 times increased 
risk compared to their male counterparts.86• 87 The reasons 

for this are not completely clear. Various researchers have 
suggested differences in anatomy, and in hormonal and 
neuromuscular function as potential reasons for the higher 
injury risk in females. To date, however, there is little 
evidence linking all these potential intrinsic risk factors to 
non-contact ACL injuries, and a great deal of controversy 
exists on the relative importance of the different factors.88 

Recent studies also suggest that a history of knee ligament 
injury is a predominant risk factor for a subsequent injury, 
such as a re-rupture of the ACL graft, an ACL rupture to the 
contralateral knee, or another severe knee injury.33· 89 

An extrinsic risk factor for ACL injury in handball and 
Australian rules football is high friction between shoes and 
the playing surface. This can cause the foot to stop abruptly 
during a cutting or turning manoeuvre, increasing stress on 
the knee.90• 91 The relationship between playing surfaces and 
injury risk is discussed at the end of this chapter. 

Prevention programs 
There is strong evidence that acute knee injuries can be 
reduced by 25-50% using structured exercise programs 
targeting strength, balance and neuromuscular control.92-96 

A number of prevention programs are available, all of 
which are designed to be performed as a structured 
warm-up prior to training and matches aiming to: 

• alter the quality of the movement in the lower limb 
• increase core and lower limb stability 
• raise awareness of knee position in relation to the foot 
• emphasise alignment of the hip, knee and foot in all 

exercises. 

The primary goal of this strategy is to engrain 'safe' 
movement patterns and discourage those believed to place 
the knee at high risk of injury (such as hip adduction/ 
knee valgus). 

A recent meta-analysis of nine randomised controlled trials 
investigating injury prevention programs in soccer players 
demonstrated an overall positive effect in reducing knee 
injuries in general (26% reduced risk) and a non-significant 
trend in reducing ACL injuries in particular.97 Another meta
analysis, which included randomised and non-randomised 
trials in a range of sports, found a significant effect of 
prevention programs in reducing ACL injuries (17% reduced 
risk). This meta-analysis recommended that for best effect, 
programs should be aimed at younger athletes, performed for 
longer than 20 minutes duration, a minimum of twice per 
week, and include exercise variations and verbal feedback.98 

Although the International Federation of Association 
Football (FIFA) 11 + was developed for soccer players, 
similar multifaceted warm-up programs exist for other 
sports such as floorball and handball and the same concept 
can be applied to other sports settings as well.93· 100 
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11+ A complete warm-up program 
with MARIO BIZZINI, ASTRID JUNGE and JIRI DVORAK 

The '11 +' injury prevention program was developed by an 

international group of experts for the International Federation 

of Association Football (FIFA). It is a good example of a 

multifaceted 20-minute warm-up program that includes core 

stability, balance, strength and running exercises (Fig. 12.9). 

Youth football teams using 11 + as a standard warm-up had 

a significantly lower risk of injuries than teams who warmed 

up as usual. Teams that performed the 11 + at least twice per 

week had 37% fewer training injuries and 29% fewer match 

injuries.95· 99 

The FIFA 11 + has three parts: Part 1 consists of running 

exercises at a slow speed combined with active stretching, 

The 11+ 
RUNNING EXERCISES 8 MINUTES 
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Figure 12.9 The FIFA 11+ poster can be downloaded for free from http://f-marc.com/fifa-11-plus/ . It is available in nine 

languages and is provided to clubs free of charge 
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and controlled partner contacts; Part 2 consists 

of six sets of exercises, focusing on core and 

leg strength, balance and plyometrlcs/agility, 

each with three levels of increasing difficulty; 

and Part 3 consists of running exercises at 

moderate/high speed combined with planting/ 

cutting movements. 

The field set-up course is made up of six 

pairs of parallel cones, approximately 5-6 m 

apart. Two players start at the same time from 

the first pair of cones, jog along the inside of 

the cones and do the various exercises on 

the way. After the last cone, they run back 

along the outside. On the way back, speed 

can be Increased progressively as players 

warm up. 

PART 1: RUNNING EXERCISES 
1 RUNNING-STRAIGHT AHEAD 

Part 2 

Jog straight to the last cone. Make sure you keep your upper 

body straight and your hip, knee and foot aligned. Do not let 

your knee buckle Inwards. Run slightly more quickly on the 

way back. 2 sets. 

2 RUNNING-HIP OUT 

Jog to the first cone, stop and lift your knee forwards. Rotate 

your knee to the side and put your foot down. At the next 

cone repeat the exercise on the other leg. Repeat until you 

reach the other side of the pitch. 2 sets. 

3 RUNNING-HIP IN 

Jog to the first cone, stop and lift your knee to the side. 

Rotate your knee forwards and put your foot down. At the 

next cone repeat the exercise on the other leg. Repeat until 

you reach the other side of the pitch. 2 sets. 

PART 2: STRENGTH, PLYOMETRICS, BALANCE 
All exercises have three levels of increasing difficulty. 

Players should begin with level 1, which Is 

presented here. Levels 2 and 3 of exercises 7-12 are 

presented on www.fifa.com/medical and videos are 

available in the free mobile application GET SET-Train 

Smarter. 

Only when an exercise can be performed without 

difficulty for the specified duration and number of repetitions 

should the player progress to the next level. 

7.1 THE BENCH-STATIC 

Starting position: Lie on your front, support your upper body 

with your forearms, elbows directly under your shoulders. 

Exercise: Lift up your upper body, pelvis and legs until your 

Parts 1 & 3 

B 

4 RUNNING-CIRCLING PARTNER 

A: Running 
B: Jog back 

t 
B 

Jog to the first cone. Shuffle sideways towards your partner, 

shuffle an entire circle around one another (without changing 

the direction you are looking In), then shuffle back to the first 

cone. Repeat until you reach the other side of the pitch. 2 sets. 

5 RUNNING-JUMPING WITH SHOULDER CONTACT 

Jog to the first cone. Shuffle sideways towards your partner. 

In the middle, jump sideways towards each other to make 

shoulder-to-shoulder contact. Land on both feet with your 

hips and knees bent. Shuffle back to the first cone. Repeat 

until you reach the other side of the pitch. 2 sets. 

6 RUNNING-QUICK FORWARD AND BACKWARD SPRINTS 

Run quickly to the second cone then run backwards quickly 

to the first cone, keeping your hips and knees slightly 

bent. Repeat, running two cones forwards and one cone 

backwards until you reach the other side of the pitch. 2 sets. 

body is in a straight line from head to foot. Pull in stomach 

and gluteal muscles and hold the position for 20-30 

seconds. 3 sets. Important: Do not sway or arch your back. 

Do not move your buttocks upwards. 

7.2 ALTERNATE LEGS 

7.3 ONE LEG LIFT AND HOLD 

continued 
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8.1 SIDEWAYS BENCH-STATIC 

Starting position: Lie on your side with the knee of your 

lowermost leg bent to 90°. Support yourself on your forearm 

and lowermost leg, elbow of supporting arm directly under 

shoulder. Exercise: Lift pelvis and uppermost leg until they 

form a straight line with your shoulder and hold the position 

for 20-30 seconds. Repeat on other side. 3 sets. Important: 

Keep pelvis stable and do not let it tilt downwards. Do not tilt 

shoulders, pelvis or leg forwards or backwards. 

8.2 RAISE AND LOWER HIP 

8.3 WITH LEG LIFT 

9.1 HAMSTRINGS-BEGINNER 

Starting position: Kneel with knees hip-width apart; partner 

pins your ankles firmly to the ground with both hands. 

Exercise: Slowly lean forwards, while keeping your body 

straight from the head to the knees. When you can no longer 

hold the position, gently take your weight on your hands, 

falling into a press-up position. 3-5 repetitions. Important: 

Do exercise slowly at first, but speed up once you feel more 

comfortable. 

9.2 INTERMEDIATE 

9.3 ADVANCED 

10.1 SINGLE-LEG STANCE-HOLD THE BALL 

Starting position: Stand on one leg, knee and hip slightly 

bent and hold the ball in both hands. Exercise: Hold balance 

and keep body weight on the ball of your foot. Hold for 30 

seconds, repeat on the other leg. Exercise can be made 

more difficult by lifting the heel from the ground slightly or 

passing the ball around your waist and/or under your other 

knee. 2 sets on each leg . Important: Do not let your knee 

buckle inwards. Keep your pelvis horizontal and do not let it 

tilt to the side. 

10.2 THROWING BALL WITH PARTNER 

10.3 TEST YOUR PARTNER 

11.1 SQUATS WITH TOE RAISE 

Starting position: Stand with feet hip-width apart, hands 

on your hips. Exercise: Slowly bend hips, knees and ankles 

until your knees are flexed to 90°. Lean upper body forwards. 

Straighten upper body, hips and knees and stand up on your 

toes. Slowly lower down again, and straighten up slightly 

more quickly. Repeat for 30 seconds. 2 sets. Important: Do 

not let your knee buckle inwards. Lean upper body forwards 

with a straight back. 

11 .2 WALKING LUNGES 

11.3 LEG SQUATS 
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12.1 JUMPING-VERTICAL JUMPS 

Starting position: Stand with your feet hip-width apart, 

hands on your hips. Exercise: Slowly bend hips, knees and 

ankles until your knees are flexed to 90°. Lean upper body 

forwards. Hold this position for 1 second, then jump as high 

as you can, and straighten whole body. Land softly on the 

balls of your feet. Repeat for 30 seconds. 2 sets. Important: 

Jump off both feet. Land gently on the balls of both feet with 

your knees bent. 

12.2 LATERAL JUMPS 

12.3 BOX JUMPS 

PART 3: RUNNING EXERCISES 
13 RUNNING-ACROSS THE PITCH 

Run approximately 40 m across the pitch at 75-80% of 

maximum pace, then jog the rest of the way. Keep your 

upper body stra ight. Your hip, knee and foot are aligned. Do 

not let your knees buckle inwards. Jog easily back. 2 sets. 

14 RUNNING-BOUNDING 

Take a few warm-up steps then take 6-8 high bounding 

steps with a high knee lift and then jog the rest of the way. 

Lift the knee of the leading leg as high as possible and swing 

the opposite arm across the body. Keep your upper body 

straight. Land on the ball of the foot w ith the knee bent and 

spring. Do not let your knee buckle inwards. Jog back easi ly 

to recover. 2 sets. 

15 RUNNING-PLANT AND CUT 

Jog 4-5 steps stra ight ahead . Then plant on the right leg 

and cut to change direction to the left and accelerate again. 

Sprint 5-7 steps (80-90% of maximum pace) before you 

PREVENTING OVERUSE INJURIES 
Overuse injuries are the predominant injury type in 
sports involving long, monotonous training sessions 
such as cycling, swimming and running, as well as in 
technical sports that involve the repetition of similar 
movement patterns such as throwing, jumping and 
kicking.11 They occur among athletes of all levels, 
particularly in elite athletes and young, dedicated 
athletes whose total training and competition load 
increases rapidly. 101 

Although a majority of sports mJury prevention 
research has focused on acute injuries, evidence for 
overuse injury prevention is increasing. 102 Similar to 
acute injuries, prevention strategies for overuse injuries 
can target modifiable intrinsic risk factors such as 

decelerate and plant on the left foot and cut to change 

direction to the right. Do not let your knee buckle inwards. 

Repeat the exercise until you reach the other side of the 

pitch, then jog back. 2 sets. 

PRACTICE PEARL 

The key point of the program is to use the proper 

technique during all exercises. Pay close attention to 

correct posture and body control, including straight-leg 

alignment, knee-over-toe position and soft landings. The 

FIFA 11+ should be completed as a complete warm-up at 

least 2-3 times per week; it should take approximately 

20 minutes to complete. 

See the instructional video of each exercise on http:// 

f-marc.com/fifa-11-plus/. The FIFA 11+ poster can be 

downloaded for free. It is available in nine languages and is 

provided to clubs free of charge. 

flexibility, strength and neuromuscular control, as well as 
extrinsic risk factors such as shoes or sports equipment. 
As the 'inciting event' for overuse injuries is cumulative 
tissue overload that occurs over time, close monitoring 
of athletes' training and competition loads may be a 
particularly effective prevention strategy. There is also 
an opportunity for secondary prevention of overuse 
injuries via early identification and rapid initiation of 
appropriate treatment. 

Stretching 
Although stretching has long been promoted as an injury 
prevention method, recent systematic reviews conclude 
that there is no evidence to support its efficacy.103- 105 

However, targeted stretching of glenohumeral joint 
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internal rotation remains a popular prevention strategy in 
throwing athletes, and formed one part of a multimodal 
training program shown to reduce the rate of overuse 
shoulder injuries in elite handball players. 106 

Structured training programs 
As discussed previously in this chapter, there is strong 
evidence that structured multimodal training programs 
targeting muscle strength and neuromuscular control 
(such as the FIFA 11+) are effective in preventing acute 
lower limb injuries in team sports. This approach has also 
been shown to be effective in preventing lower limb 
overuse injuries,93· 95· 107 particularly among adolescent 
athletes whose risk of overuse injury is almost halved by 
completing injury prevention programs. 103 

PRACTICE PEARL 

Structured warm-up programs consisting of 
strength and neuromuscular control exercises have 
been shown to halve the rate of lower limb overuse 
injuries among adolescent athletes, 

These prom1smg results have not been consistently 
replicated in adult populations. A number of studies have 
failed to show an effect of general or targeted prevention 
training on lower limb overuse injuries among amateur 
athletes, professional athletes and military recruits.78· 103-112 

For example, a study of 209 professional soccer players 
found that eccentric training programs commonly used to 
treat Achilles and patellar tendinopathy were ineffective 
when used as an across-the-board prevention strategy. 112 

However, one randomised controlled trial found that 
patellofemoral pain could be prevented among military 
recruits using a daily exercise program consisting of gluteal 
and quadriceps strengthening exercises and lower limb 
stretching exercises. 113 Similarly, a recent randomised 
trial found that a 10-minute warm-up program consisting 
of glenohumeral internal rotation stretching, rotator cuff 
strengthening and scapular stability exercises reduced the 
prevalence of shoulder injuries among elite-level handball 
players. 106 Research in this field is ongoing. 

Technique modification 
Ensuring optimal sporting technique is likely to be an 
effective way of preventing overuse injuries, particularly 
in sports involving repetitive loading patterns. For 
example, runners should avoid excessive contralateral 
hip drop to prevent lower limb injuries and lower back 
pain (Chapter 8), and tennis players should aim for 
double-handed backhand shots to prevent 'tennis elbow' 
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(Chapter 9). Further examples of sport-specific technique 
errors linked to injury are covered in Chapter 9. 

Nutritional strategies to prevent 
stress fractures 
Inadequate levels of calcium and vitamin D, which play 
an essential role in bone mineralisation, homeostasis 
and remodelling, are thought to be risk factors for stress 
fractures (Chapter 4). 114 This may be a particular problem 
in individuals with inadequate dietary intake or with 
limited sunlight exposure (due to geographical or cultural 
reasons), dark skin, or medical conditions that interfere 
with fat absorption (such as Crohn's disease). 115 

A randomised controlled trial involving female military 
recruits found that daily supplementation with 100 mg 
calcium and 800 JU vitamin D reduced the incidence of 
stress fractures by 20%.116 This finding is supported by 
cohort studies of athletes which have shown that high 
dietary intake of calcium and of vitamin D are associated 
with lower stress fracture risk. 117· 118 For example, one 
study of female endurance runners found that for every 
cup of skim milk consumed per day, the risk of stress 
fractures was reduced by 63%. 117 

According to current recommendations, 1000 to 
1200 mg of calcium per day is required for optimising 
bone health. Although there is debate regarding optimal 
vitamin D status, serum 25-hydroxy vitamin D levels 
should be at least SO nmol/mL and should ideally 
be between 90 and 100 nmol/mL.II5 The current 
recommended daily intake of vitamin D is 600 to 800 JU; 
however, individual needs may vary according to many 
factors including sun exposure, and some suggest that up 
to 2000 JU is indicated in high-risk groups. 115 

It should be noted that bisphosphonates (osteoclast 
inhibitors), which are commonly used in the treatment of 
osteoporosis and which may be useful in the treatment of 
stress fractures, 114· 119 are not effective in preventing bone 
stress injuries. 120 

Modifying extrinsic risk factors 
In certain sports, injuries are commonly attributed to 
extrinsic factors such as shoes, insoles and sporting 
equipment. The extent to which these factors play a role 
in injury prevention remains a source of much debate. 

Shoe selection 
Individual prescription of different shoe types (such as 
cushioning, motion control and stability shoes) based on 
static foot alignment is commonly promoted as an injury 
prevention method, particularly among shoe retailers. 121 

However, a recent meta-analysis of randomised controlled 
trials suggests that this approach does little to prevent 



injuries. 122 In several large trials conducted on military 
recruits, individualised prescription of shoe rype was 
compared to all subjects receiving a stability shoe. 123- 125 

No studies were able to demonstrate a difference in the 
incidence of overuse injuries between groups. 

Barefoot/minimalist running 
It has been proposed that running barefoot or in 
'minimalist' shoes designed to replicate barefoot running 
may prevent lower limb overuse injuries.126• 127 This is 
because several of the common biomechanical differences 
seen in barefoot running, such as reduced peak ground 
reaction forces and increased ankle plantarflexion and 
knee flexion at foot strike (Chapter 8), 128 are theoretically 
protective against some injury types. However, this 
may be an over-simplification of a complex relationship. 
Although the loads on some structures such as the knee 
and hip joints may be reduced in barefoot running, other 
structures such as the forefoot, ankle, Achilles tendon and 
calf muscles experience increased loading and may be at 
greater risk of injury. Also, certain individuals fail to adapt 
their running technique and experience increased vertical 
ground reaction forces when barefoot running. 

There is currently no evidence that barefoot or 
minimalist-shoe running is an effective prevention 
intervention. 129 In fact, one study which randomly 
assigned normal (neutral), partial-minimalist and full
minimalist shoes to 103 runners found that the groups 
using minimalist shoes had injury rates up to three times 
higher than those in normal neutral shoes. 130 The use of 
barefoot or minimalist shoes is therefore likely to have 
more value as a targeted strategy in the management of 
certain types of running injuries (as discussed in Chapter 8) 
than as a generalised injury prevention intervention. 

Orthotic insoles 
The preventive effects of prefabricated and custom
made orthotic insoles have been investigated in 10 
different studies of military personnel, including a total 
of 4 788 subjects. 105 Seven studies found that insoles 
had a significant preventive effect for a range of lower 
limb overuse conditions, such as stress fractures, medial 
tibial stress syndrome, patellofemoral pain and Achilles 
tendinopathy. Based on these findings, several high
qualiry meta-analyses have supported the use of orthotic 
insoles for injury prevention.104• 105• 131 However, the 
effects of orthotic insoles in athletes remain unknown, 
and the exact mechanism by which they prevent injury 
remains contentious.131 

Sports equipment 
Careful selection of sports equipment may play an 
important role in overuse injury prevention. Specific 

examples of equipment-related factors related to injury 
are discussed in Chapter 9. 

MANAGING LOAD TO PREVENT INJURY 
with TIM GABBETT 

The concept of load management was introduced 
in Chapter 10 with a focus on athletic performance 
enhancement. Here, we revisit load management with 
greater focus on its increasingly recognised role in injury 
prevention. Of course, this is an artificial separation. In 
reality, injury prevention and performance enhancement 
are intimately linked. 

The relationship between load and injury 
High training and competition loads have been linked to 
increased injury risk in a wide variety of sports, including 
Australian rules football, baseball, basketball, cricket, 
rugby league, rugby union, rowing, soccer, swimming, 
volleyball and water polo. 132 This may not only be 
due to an increased rate of overuse injuries, but also of 
acute injuries, as overloaded athletes can have impaired 
neuromuscular control, reaction time and decision-making 
abiliry. 

In some studies, high absolute loads have been shown to 
increase injury risk, which has led to certain sport-specific 
recommendations or regulations on the total amount of 
training and competition that athletes should perform. 
For example, in little league baseball there are specific 
age-based rules on the maximum number of pitches that 
players can perform per day and the minimum amount 
of rest required between matches. 133 The effects of these 
regulations remain undocumented. However, they have 
been well accepted by the sport and are often credited as 
having reduced the rate of injury among young baseball 
pitchers. Similar recommendations have been published 
by the English Cricket Board in an effort to prevent 
injuries in fast bowlers. 

Although limiting the total amount of training and 
competition is likely to reduce injuries in many sports, 
that approach is unlikely to be accepted by elite-level 
athletes and coaches, whose primary concern is to train 
hard to maximise performance. The approach also fails to 
account for the large individual variation in load tolerance 
between athletes. Any given team will contain 'fragile' 
athletes as well as 'robust' ones who can tolerate very 
high loads. In fact, some studies have shown that high 
training loads may indeed be protective against injury, 
most probably due to enhanced physical resilience. This is 
the 'training-injury prevention paradox'. 134 

Rather than limiting the absolute amount of training 
and competition that athletes can perform, recent 
attention has focused on developing ways by which 

183 



athletes can safely achieve and maintain high loads while 
minimising injury risk. These include: 

1. managing the rate of load increase 
2. managing the acute:chronic load ratio, and 
3. adjusting training based on athletes' responses to 

external loads. 

In order to monitor the loads athletes are subjected 
to, they must be quantified. The term 'external load' is 
often used to refer to loads placed upon the athlete, such 
as their training volume and intensity, the number of 
repetitions of certain movements (e.g. throws or jumps) 
or the number of impacts they are subjected to. Recent 
technological advances such as GPS, power monitors and 
wearable microsensors have greatly improved the ability 
to quantify external loads. 135 

The term 'internal load' is used to refer to the athlete's 
response to an external training or competition load. It 
can be measured using subjective measures such as the 
rate of perceived exertion (RPE) or standardised wellness 
questionnaires, 136• 137 or using objective measures such as 
heart rate, physical performance tests, blood markers and 
heart rate variability. 137 

Both external and internal loads, or indeed a 
combination of the two (e.g. training duration x RPE), 
can be used to monitor the rate of load increase and the 
acute:chronic load ratio. 

Monitoring the rate of load increase 
A number of studies have shown that large week-to-week 
differences in training load increase injury risk, irrespective 
of the total training load.138- 14° For example, a study of 
Australian Football League players by Piggott et al. showed 
that 40% of injuries were associated with a change in 
weekly training load of greater than 10%, compared to the 
preceding week. 138 Similarly, Gabbett found that when 
rugby league players' weekly training loads increased by 
less than 10%, their risk of injury was under 10%. However, 
when training load was increased by 15% or more, players' 
injury risk escalated to between 21% and 49% (Fig. 12.10). 134 

Of course, the rate at which week-to-week changes in 
load can be tolerated will vary between individual athletes 
and across sports. For example, Nielsen et al. found that 
novice runners could tolerate a weekly progression in 
training volume of between 20% and 25% in the first 10 
weeks of a running program, without a dramatic increase 
in injury risk. 140 Nevertheless, based on the current 
evidence, limiting week-to-week training load increases to 
10% seems to be a good rule of thumb. 

Monitoring the acute:chronic load ratio 
The acute:chronic load ratio reflects an athlete's training 
status at a given point in time, taking into account 
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Figure 12.10 Likelihood of injury among professional rugby 

league players with different weekly changes in training 

load. Note the dramatic increase in risk when week-to-week 

loading increases by ;;::15%. FIGURE ADAPTED FROM GABBETT134 

their training completed over the previous week (their 
acute load, synonymous with 'fatigue') and their training 
completed over the previous 4 weeks (their chronic load, 
synonymous with 'fitness'). 

PRACTICE PEARL 

The acute:chronic load ratio has been linked to both 

performance and injury risk. An athlete with a high 

chronic and low acute load will be fit, well rested 

and ready to perform. Conversely, an athlete with a 

low chronic and high acute load will be fatigued and 

have an increased risk of injury. 

Studies in rugby league, 141· 142 cricket, 143 Australian 
rules football, 144 Gaelic football 145 and soccer146 have 
demonstrated that athletes with high acute:chronic load 
ratios have an increased risk of injury. Modelling data 
from several of these studies, Gabbett showed that ratios 
exceeding 1.5 represented a 'danger zone' where injury 
risk was substantially increased. 134 In contrast, ratios 
between 0.8 and 1.3 represented a 'sweet spot' where 
injury risk was minimised (Fig. 12.11). 

Although the exact thresholds may vary in other sports, 
the underlying concept is likely to remain the same. In 
order to minimise their injury risk, athletes should build 
up training loads gradually, closely monitoring their 
acute:chronic load ratio. This is especially relevant after a 
period of reduced training (e.g. due to illness or injury) or 
when resuming training after an off-season break. 147 
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Figure 12.11 The relationship between the acute:chronic 
ratio and injury, modelled of using data from cricket, 
Australian rules football and rugby league 
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The acure:chronic load ratio helps us understand how 
two athletes performing the same training session may 
have completely different injury risk, depending on the 
amount and consistency of training they have performed 
over the past month. Similarly, it provides athletes and 
coaches with a guide to what is an acceptable level of 
training progression to minimise injury risk. 

Monitoring athletes' response to load-the 
traffic-light approach 
Continuous monitoring of athletes' response to trammg 
is common practice in many high-level team sports, and 
may be useful in preventing overtraining, illness and 
injury. In this context, the goal of daily monitoring is to 
identify early signs of deleterious overtraining such that 
appropriate adjustments can be made to the athletes' 

Calculating the acute:chronic load ratio 

The acute:chronic load ratio can be calculated using a wide 

range of load measures, such as GPS and accelerometer

derived metrics, 146 throw counts, 143 and session RPE 

(training session duration multiplied by the athlete's rate of 

perceived exertion; see Chapter 10). 

Table 12.3 shows an athlete 's training data over 12 

weeks. In this example, the acute load represents the 

cumulative session-RPE data for all training sessions 

completed by the athlete each week. The chronic load 

represents the rolling average of the previous 4 weeks' acute 

loads (i.e. in week 4, the chronic load is the average of weeks 

1, 2, 3 and 4. In week 5, it is the average of weeks 2, 3, 4 and 

5, and so on). The acute:chronic load ratio is calculated each 

week by dividing the acute load by the chronic load. 

Table 12.3 An example of calculating the acute:chronic load ratio based on an athlete's session

RPE data over 12 weeks. Note that 4 weeks of data are necessary to calculate the chronic loads and 

acute:chronic load ratio 

2750 

2 2250 

3 2500 

4 2750 2562.5 1.07 

5 800 2075 0.39 

6 1000 1762.5 0.57 

7 1200 1437.5 0.83 

8 2750 1437.5 1.91 

9 2250 1800 1.25 

10 2500 2175 1.15 

11 2750 2562.5 1.07 

12 2250 2437.5 0.92 

continued 
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In this example, the ath lete had a period of reduced 

training in weeks 5, 6 and 7- perhaps due to a minor injury. 

The rap id resumption of normal training in week 8 leads 

to a spike in the acute:chronic load ratio into the 'danger 

zone' above 1.5 (Fig. 12.12), indicating an increased risk of 

subsequent injury. 

Figure 12.12 Monitoring an athlete 's acute:chronic load 

ratio , based on data presented in Tab le 12.3 

trammg program. We refer to this as the 'traffic light 
approach' as, based on their daily monitoring results, 
athletes are often categorised as: able to complete full 
training (green light); needing reduced training (orange 
light); or needing complete rest (red light). 

Measures that have been used in efforts to detect 
overtraining can be broadly classified into objective and 
subjective measures (Table 12.4). 

It is not easy for clinicians to decide on the best 
method of athlete monitoring. Each approach has its 
own strengths and limitations, and despite an increasing 
number of commercial claims to the contrary, there is no 
magic formula to predict which athletes will get sick or 
injured. 

A recent systematic review found that subjective and 
objective measures generally did not correlate, with sub
jective measures being more responsive to changes in acute 
and chronic training loads.136 As shown in Table 12.4, a 
number of validated questionnaires can be used to monitor 
athletes for signs of overtraining. However, these consist 
of 22-76 questions, making them too time consuming for 
daily administration. 158 Therefore, teams often use short 
questionnaires consisting of 5-7 Liken-scale questions for 
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daily monitoring, with more comprehensive questionnaires 
administered less frequently.159 The content of these short 
questionnaires varies; however, the following subscales 
have recently been identified as being responsive to acute 
changes in load:136 

• non-training stress 
• fatigue 
• physical recovery 
• general health/wellbeing 
• being in shape. 

Irrespective of the monitoring measures used, the main 
challenges facing the clinician include: 

• establishing each athlete's baseline: their normal 
training response needs to be known before abnormal 
responses can be identified 

• differentiating between intended and deleterious 
overtraining: coaches will often schedule hard training 
sessions to stimulate a training response (Chapter 10). 

Due to these challenges, monitoring for overtraining 
remains as much art as science, and necessitates a close 
communication with athletes and coaching staff. 

Table 12.4 Examples of measures used to monitor athletes for signs of deleterious overtrainlng 

Objective measures 

Heart rate (HR) measures (e.g. HR versus RPE, 148 HR recovery149 and HR varlablllty150) 

Biochemical, hormonal and immunological markers (from blood or sallva) 137· 151 

Physical performance tests (e.g. vertical jump height 152) 

Psychomotor speed 153 

Subjective measures 

Profile of mood states (POMS) 154· 155 

Recovery stress questionnaire for athletes (RESTQ-5) 156 

Dally analyses of life demands of athletes (DALDA) 157 
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PROTECTIVE EQUIPMENT 
Protective equipment has been designed to shield various 
parts of the body against injury without interfering with 
sporting activity. Protective equipment can also be used 
on return to activity after injury in situations where direct 
contact may aggravate the injury. 

Helmets are mandatory in certain sports such as 
motor racing, motor cycling, cycling, ice hockey, horse
riding and American football. In other sports, the use of 
helmets is not universally accepted, such as in rugby and 
skateboarding. 

Other protective equipment commonly worn includes: 
mouth guards in most collision sports; shoulder pads in 
American football and rugby; chest, forearm and groin 
protectors in ice hockey; knee pads when playing on 
artificial surfaces or while rollerblading; wrist guards in 
rollerblading and snowboarding; and shin pads in soccer 
and hockey. It is important that protective equipment fits 
correctly. 

The use of protective equipment may increase an 
athlete's confidence. This may help prevent injuries, but 
may also lead the athlete to take bigger risks or play more 
aggressively. 

APPROPRIATE SURFACES 
with JOHN ORCHARD 

Playing surfaces remain under the injury prevention 
spotlight, as differing traction and shock absorption 
properties have long been linked to injury risk. The 
association between playing surface and injury risk was 
first proposed in handball as early as 1990. 160 Later, a 

(a) 

large epidemiological study compared the ACL mJury 
rate between two different floor types- wooden floors 
(parquet, generally having lower friction) and artificial 
floors (generally having higher friction). 16 1 The results 
indicated that the risk of ACL injury among female 
handball players is higher on high-friction artificial floors 
than on wooden floors. However, other factors also play a 
significant role for shoe surface friction, principally shoe 
type and floor maintenance. 

In Australian rules football, Orchard and colleagues noted 
the greater rate of ACL injuries in the northern (warmer) 
climates. 162 Although it was tempting to attribute this to 
drier weather, and thus ground hardness, that hypothesis was 
not supported by data from American football teams where 
games were played on natural grass. 163 Further analysis of 
both the Australian and US data suggested that the type of 
grass, and thus, the tightness of the thatch, may influence 
ACL risk; the more northern Australian rules football venues 
had grass types that permitted excessive shoe-surface traction 
(Fig. 12.13a-d). 

According to turf authority McNitt, perennial rye 
grass is associated with lower shoe-surface traction 
than Kentucky blue grass or Bermuda grass because 
it creates less thatch. 164 These studies suggest that rye 
grass generally offers a safer surface with respect to ACL 
injuries for football than some other grasses. 

Natural grass versus artificial turf 
The link between artificial turf and injury risk has long 
been controversial. Early generations of turf, introduced 
in the 1960s, were linked to an increased risk due to their 

(b) 

Figure 12.13 Four different types of grasses that provide the surface for Australian rules football and have been associated 

with different rates of ACL injury (a) Bermuda ('couch') grass surface, showing a thick thatch layer between grass leaves and 

soil (b) Kikuyu grass, also showing a thick thatch layer 
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(c) (d) 

Figure 12.13 (cont.) (c) Rye grass surface, showing a minimal thatch layer. This is probably a safer surface than the others, as 

the blades or cleats of the football boot are less likely to be 'gripped' by the surface (d) Annual blue grass surface, showing a 

moderate thatch layer 
REPRODUCED WITH PERMISSION FROM BRITISH JOURNAL OF SPORTS MEDICINE'62 

having minimal padding and high friction coefficients. 165 

However, new turf types are continuously being devel
oped, with newer types (third and fourth generation) 
having properties closer to natural grass. 166 Research 
into the injury risk of third- and fourth-generation turf 
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is conflicting, and in some cases may have been biased 
by industry funding. Nevertheless, recent systematic 
reviews have concluded that there is little evidence of 
any difference in overall injury risk between natural and 
artificial turf. 165· 167 



Chapter 13 

Recovery 

with SHONA HALSON and PHIL GLASGOW 

Paul Quantrill will never forger the feeling of pure exhaustion at the most important moment of his 
career. It was the fourth game of the 2004 American League Championship Series, at Fenway Park, 
with the Yankees crying to finish a sweep of the Boston Red Sox. The reams were tied, 4-4, heading 

into the bottom of the 12th. It was Quantrill's 100th relief inning of the season. 'We were done,' 
Quantrill said. 'We were wrecked. We battled, bur we just weren't where we needed to be.' 

www.nytimes.com, 31 March 2016 

The concept of mechanotransduction ( Chapter 17) recognises 
that when the body is exposed to mechanical stress, it 
adapts. In sport, careful manipulation of training parameters 
induces specific adaptations to enhance performance. 
Training-induced adaptations include improvements in 
strength, endurance, neuromuscular control and flexibility. 
Training to promote adaptation requires a delicate balance 
of overload and recovery. Strategies to expedite recovery are 
central to training and competition plans. 

Effective recovery can permit greater levels and quality 
of training and thereby enhance performance. Conversely, 
inadequate recovery from training and competition impair 
performance and may eventually result in injury, illness 
or burnout. How performance changes in response to 
exercise depends on a complex interplay of factors that 
include peripheral muscle changes, 1 central neural drive2 

and psychological responses.3 Effective recovery should 
seek to address the physiological, structural, neural and 
psychological limitations of performance. 

A range of modalities have been purported to facilitate 
various aspects of recovery; the evidence for many of 
these modalities is scant and at times conflicting. 

PRACTICE PEARL 

As with many aspects of sports medicine, the most 

appropriate blend of recovery strategies depends 

on a detailed understanding of the sport and the 

athlete as well as the relative benefits of the choice 

of recovery modality. 

ASSESSING RECOVERY 
The traditional way to assess the effectiveness of 
interventions has been to test the athlete and investigate 
markers of the "damage' associated with the test. The 
primary test models are (i) eccentric contraction induced 
delayed onset muscle soreness (DOMS); and (ii) sports
related training sessions. The variable nature of the exercise 
regimens used to induce damage and/or physiological 
stress make effective generalisation of findings challenging 
in some cases. 

Following such a test, a typical test battery would 
include analysis of 

• general muscle function (peak torque maximum 
voluntary contractions: isometric and isokinetic) 

• specific performance tasks (counter-movement jump 
(CM)), squat jump, repeated sprint ability) which 
may be more meaningful in terms of direct impact on 
performance 

• extent of tissue damage (creatine kinase, CK) 
• level of metabolite removal (blood flow, blood lactate) 

and perception of soreness (pain on visual analogue 
scale, VAS) 

• athlete's self-perception of recovery as well as psycho
logical measures (e.g. profile of mood states, POMS). 

ACTIVE RECOVERY 
Active recovery refers to low-intensity work performed after 
exercise to facilitate better performance in a subsequent 
exercise bout. This is a common part of training; 81% of 
French professional soccer teams carry out some form of cool 
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down after training.4 Active recovery is therefore often the 
first form of recovery performed after exercise. 

The type of active recovery performed will be heavily 
influenced by the duration, intensity and nature of 
the exercise from which the athlete is recovering. For 
example, the goals of recovery after a short maximal bout 
of exercise such as sprinting will be different to those 
following prolonged endurance events. 

After high-intensity short-duration exercise 
For recovery after short-duration high-intensity exercise, 
passive recovery appears to better promote resynthesis of 
phosphocreatine (PCr)- a rapidly mobilised reserve ofhigh
energy phosphates in skeletal muscle- than does active 
recovery. Time to exhaustion was longer when intermittent 
exercise alternated with passive recovery (15s work: 
15 s rest) than with active recovery.5· 6 Similar observations 
were reported for short cycle sprints (4s duration) 
when followed by passive recovery of 21 seconds when 
compared to low-intensity active recovery (32% V02max).7 

Since recovery following repeated sprint activities 
involving the PCr system relies almost exclusively on 
aerobic factors,8 the better outcomes with passive recovery 
may be due to greater availability of oxygen for PCr 
resynthesis in resting muscles than when muscles are still 
being contracted (active).7· 9• 10 Passive rather than active 
recovery is therefore recommended following high
intensity short-duration exercise. 

After longer-duration exercise-active 
recovery and metabolite clearance 
Active recovery may have a greater role to play following 
longer duration activities. It may provide a benefit by 
increased removal of metabolites, particularly blood 
lactate. Muscle performance is impaired in the presence 
of high blood lactate levels, 11 so lactate level is widely 
considered to be important in determining the extent of 
recovery after high-intensity exercise. While the role of 
lactate in sports performance is still a subject of much 
debate, most studies consider it to be a useful indirect 
marker of cell and metabolic acidosis. 12 

Active recovery is the most effective way to increase 
blood flow and facilitate removal of metabolites following 
exercise. 13- 15 Exercise intensity levels close to the 
anaerobic threshold have been identified as most effective 
for lactate clearance. 15- 17 In a study of 10 moderately 
trained males, lactate levels were reduced most rapidly 
when participants ran at 80- 100% of their lactate 
threshold. 17 Runners who self-regulated their speed 
tended to run at around 80% of threshold and experience 
comparable reductions in blood lactate. This suggests 
that moderately trained individuals may self-select the 
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most appropriate exercise intensity. The physiological 
mechanism underpinning this observation is unclear. 

Active recovery may be of greatest benefit in sports 
that involve a significant anaerobic contribution. It appears 
that active recovery is particularly effective if subsequent 
bouts of exercise are carried out within 10-20 minutes. 15• 18 

Given that blood lactate levels return to baseline within 
one hour of passive recovery (Fig. 13.1),16• 19 there is 
less convincing evidence for active recovery carried out 
several hours or days after exercise. In a series of studies 
investigating the effects of active recovery between 
games separated by 3 days in female soccer players, 
there was no influence on a wide range of measures of 
recovery including perceived muscle soreness, neuro
muscular fatigue (CMJ, sprint performance, maximal 
isokinetic knee flexion and extension) or biochemical 
markers (inflammatory plasma cytokine response, plasma 
endogenous antioxidants, dietary antioxidants, oxidative 
stress markers, CK, urea).20-21 

Similarly, in a study investigating self-selected recovery 
modalities in Australian Football League (AFL) players 
over a season, fewer players chose active recovery (pool 
or cycle) compared with cold-water immersion (CW!), 
compression garments or passive stretching.22 There were 
no benefits on performance measures during a season for 
any of the recovery modalities. However, those players 
who used CW!, compression and floor stretching reported 
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Figure 13.1 Blood lactate concentrations following exercise. 
Mean blood lactate (La) concentration during passive (Pass) 
and active recoveries at: (1) 50% of the difference (50%DT) 

between individual anaerobic threshold and individual 
ventilatory threshold (IVT) above the IVT (IVT +50%DT), 

(2) IVT recovery intensity and (3) 50%DT below the IVT 

(IVT50%DT). Comparison between recovery conditions 
within each time point for soccer players. *Significant 
difference versus IVT +50%DT recovery intensity 
(FROM BALDARI ET AL. 200416) 



greater perceived recovery. These findings highlight 
that players view recovery as an important part of their 
training and that AFL players tend not to select active 
recovery. The authors suggested that this may be due to 
players not wanting to expend further energy. 

Psychological effects of active recovery 
While metabolite elimination has been the primary 
focus of many studies, some authors have reported 
positive psychological effects of active recovery. Le 
Meur and Hausswirth have suggested that stimulation 
of metabosensitive type III and IV afferent nerves 
may facilitate better mental recovery.23 In a study 
investigating the effect of active recovery following rugby 
matches, there were reductions in a measure of mental 
wellbeing, the POMS scores, in players who performed 
low-intensity water-based exercise when compared to 
passive recovery.24 We cannot generalise these findings as 
the study measured only 15 players after one match. 

In summary, active recovery most effectively reduces 
blood lactate levels at exercise intensity close to the lactate 
threshold; such reductions may improve performance for 
a subsequent exercise bout within 10-20 minutes. There 
is no strong evidence for the use of active recovery for 
exercise bouts that are several hours or days after the 
initial session. Note that active recovery has never been 
reported to impair performance. 

MASSAGE 
Massage has become ubiquitous in sports recovery. The 
effectiveness of massage has been attributed to increases 
in blood flow, mechanical effects on muscle tissue, 
reduced pain and psychological benefits. 

Massage and blood flow 
One of the postulated mechanisms by which massage 
may speed recovery is through increased local blood 
flow to remove metabolites and mobilise inflammatory 
markers. Studies that investigated the influence of 
massage on muscle blood flow and blood lactate removal 
reported no improvement in blood flow or blood lactate 
levels following either superficial or deep massage of the 
quadriceps after high-intensity cycling. They did, however, 
observe improved blood flow following active recovery.12 

In the study by Wiltshire et al. of the effect of massage 
of the forearm after a fatiguing isometric grip protocol, 
massage reduced blood flow.25 This may have been due 
to mechanical pressure on blood vessels. While no 
other studies have reported blood flow reductions with 
massage, many studies failed to detect any effect on either 
blood flow or lactate levels.26-28 There is strong evidence 
that, when compared to active recovery, massage is no 
more effective in reducing blood lactate than passive 

control activity. As discussed earlier in this chapter, 
active recovery is well established as an effective way to 
facilitate blood flow. Therefore, if the goal of the recovery 
is to increase local blood flow, active recovery should be 
the modality of choice. Although some might argue that 
the lack of effect of massage on blood flow means massage 
does not assist recovery, massage may address other 
aspects of recovery. 

Massage, muscle tone and viscoelasticity 
Many recovery interventions, particularly the manual 
therapies, aim to influence the mechanical properties of soft 
tissues. Athletes and clinicians report reduced muscle tone 
and spasm following massage. The assumption is that this 
will reduce soreness, permit force production and enhance 
quality of movement. However, the influence of soft tissue 
mechanical properties on performance and recovery has 
not been well characterised. Massage may reduce tissue 
stiffuess.29• 30 Although a number of studies have considered 
the effect of compression on muscle viscoelastic behaviour, 
there are limited studies investigating the effects of massage 
on these factors.30 Thus, the effect of massage on these factors 
following exercise and the potential performance benefits are 
not clear. 

Massage and delayed onset 
muscle soreness (DOMS) 
Massage in post-exercise recovery is often assessed 
using a delayed onset muscle soreness (DOMS) model 
to determine effects on soreness and measures of 
muscle performance. While there are challenges extra
polating findings from these studies due to the diverse 
exercise regimens and massage protocols employed, 
a few important trends emerge. A number of studies 
report that massage is effective in reducing post-exercise 
soreness; however, its effectiveness in improving 
measures of muscle function is less positive. Smith et al. 
observed significant reductions in soreness of the elbow 
flexors following eccentric exercise in participants who 
received a 30-minute massage 2 hours after exercise; 
reductions in pain were apparent from 24 to 96 hours 
post-exercise.31 Similarly, Zainuddin et al. reported that 
massage applied for 1 O minutes at 3 hours after exercise 
reduced pain, swelling and serum CK levels when 
compared to controls.32 No such improvements were 
observed for recovery of muscle performance (maximum 
voluntary contraction). A positive effect on soreness but 
not muscle function was also observed for 20 minutes 
of massage administered to the hamstrings 2 hours after 
eccentric exercise when compared to sham massage.33 

Positive effects for both muscle performance and 
soreness have been reported when massage is combined 
with other modalities. Jakeman, Byrne and Eston compared 
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a control group with a combination of compression 
garments and a 30-minute massage administered imme
diately after exercise.34 Athletes who received massage 
and wore compression garments reported less pain as 
well as improved CM), squat jump and isokinetic muscle 
strength, compared to control athletes. A further study 
in basketball players using a post-match recovery strategy 
of combined stretches and massage reported reduced 
soreness and increased CM) in male players, while 
female players demonstrated improvements in sprint 
performance only.35 

PRACTICE PEARL 

The beneficial effects of massage on muscle 

recovery appear to be greatest when treatment is 

administered within two hours of exercise; there 

is no evidence to support the use of massage for 

recovery 24 hours after exercise has ceased.36 This 

makes clinical sense: most recovery modalities 

discussed in this chapter should be administered as 

soon as possible after exercise. 

Cellular and structural effects of massage 
There is some evidence that massage may influence 
key cellular mediators. Rapaport et al. reported 
increases in circulating phenotypic lymphocyte 
markers and decreased mitogen-stimulated cytokine 
production following massage.37 Similarly, Crane et 
al. observed a downregulation of pro-inflammatory 
cytokine expression following massage after eccentric 
exercise.38 The authors also reported increased activity 
of mechanically sensitive proteins (FAK and ERKl/2). 
These observations suggest that the mechanical stimulus 
provided by massage may be capable of influencing 
mechanotransduction in the muscle (see Chapter 17). 
In a series of studies using a rabbit model, researchers 
from Ohio State University investigating the effects of 
massage-like compressive loading following eccentric 
exercise have demonstrated accelerated recovery of 
isometric torque production,39 altered viscoelastic 
properties, 30 decreased number of torn muscle fibres 
and enhanced restoration of muscle function.40 They 
have also identified a number of key variables that may 
be important to the use of massage in recovery. These 
have included timing,41 magnitude and frequency of 
the applied force , and treatment duration.39 

These findings provide a conceptual framework for 
some of the effects of massage; however, further studies 
are required to determine their clinical significance. 
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Psychological effects of massage 
Consistent psychological benefits of massage are 
reported in the literature with positive effects reported 
for salivary IgA, POMS and perceived recovery of fatigue 
from exercise. Moraska observed that massage in non
athletic populations reduces psychological measures 
including anxiety, tension, stress and depression, 
while increasing mood and quality-of-life measures.42 

Arroyo-Morales et al. suggest that massage restores 
autonomic nervous system balance via its effects on 
the parasympathetic nervous system.4 3 They observed 
that a 40-minute massage applied after three 30-second 
Wingate tests restored or maintained pre-exercise 
heart rate variability values when compared to sham 
ultrasound treatment. Massage also facilitates relaxation 
and has been demonstrated to improve scores on the 
General Wellbeing Scale (an 18-item scale with subscales 
measuring anxiety, depression, positive wellbeing, self
control, vitality and general health) and the Perceived 
Stress Scale in healthy adults.44 

The type of massage used can influence the degree of 
relaxation. In one study comparing light, moderate and 
vibratory stimulation, moderate massage was demon
strated to offer greater reduction in stress with a con
comitant decrease in heart rate and EEG.45 Interestingly, 
the light and vibratory stimulation groups showed 
increased arousal as evidenced by increased heart rate 
and EEG activity. It is therefore important to consider the 
type of massage intervention used. 

Massage is highly valued by athletes. Studies in 
both athletic and non-athletic populations have 
highlighted that one of the main reasons for using 
massage therapy is that it provides a personalised 
approach to care that enhances relaxation and creates a 
positive client-therapist relationship.46 The 'culture' of 
a massage experience (how professional the setting, the 
relationship with the clinician) influences the athlete's 
perception of the massage. There is strong evidence that 
massage does not increase blood flow or aid metabolite 
removal, but it may influence various inflammatory and 
cellular responses. There is no evidence that massage is 
detrimental to recovery. 

PRACTICE PEARL 

Massage effectively modifies both perception of 

recovery and soreness. The effect of massage on 

correlates of performance is less clear and may 

be strongly influenced by the inclusion of other 

recovery strategies. 



NEUROMUSCULAR ELECTRICAL 
STIMULATION 
Neuromuscular electrical stimulation (NMES) is a 
modality commonly used to promote recovery in athletes. 
A review of NMES in post-exercise performance recovery 
highlighted the challenges associated with determining 
its effectiveness due to the wide variety of exercise types 
as well as stimulation protocols used.47 In general, the 
application of electrical stimulation following exercise is 
proposed to have two primary effects: 

1. increased blood flow and metabolite removal through 
muscle pump action 

2. reduction in pain through stimulation of sensory nerve 
endings. 

While attractive in its assumptions, the evidence 
regarding the ability of NMES to effectively increase 
local blood flow and reduce blood lactate levels is less 
convincing. 

NMES and blood flow 
The importance of the muscle pump to facilitate blood 
flow in the lower limb is well established. The calf 
muscle has been described as the second heart48 and the 
effectiveness of low-level calf muscle activity to improve 
local blood flow has been identified.49• 50 A number of 
studies have compared the effect of NMES with active 
recovery and have consistently shown that active recovery 
is more effective in increasing blood flow and reducing 
blood lactate levels. In a study comparing the effects of 
four modalities (active recovery, passive recovery, NMES 
and CWI) on the recovery of grip strength following a 
fatiguing rock-climbing protocol, Heyman et al. reported 
no difference in blood lactate levels between NMES and 
passive recovery while observing a significant increase in 
blood flow and a concomitant reduction in blood lactate 
following 20 minutes of gentle cycling. 18 

Some positive effects on lower limb blood flow for 
NMES have recently been reported using devices that 
focus on peroneal nerve stimulation. These studies derive 
from the use of electrical stimulation in angiology and 
highlight the importance of deep calf muscle activity. 
In two studies investigating peroneal nerve stimulation 
following a 90-minute shuttle test and a Yo-Yo intermittent 
recovery test,51• 52 increases in local blood flow were 
reported. These observations suggest that NMES of this 
nature may enhance metabolite clearance following 
exercise when compared to passive recovery. However, 
it is not clear how these interventions compare with an 
active recovery protocol and whether they correspond to 
improvements in performance. 

NMES and performance 
The effect of NMES on correlates of sports performance 
such as strength, endurance and jump performance has 
been assessed following various types of exercise. While 
isolated studies have indicated that NMES may be slightly 
more effective than passive recovery for restoration of 
strength53 and running performance,52 the majority of 
authors conclude that NMES is no more effective than 
passive recovery for these parameters. Although the lack 
of consistent positive effects of NMES may be due to 
the wide range of methods of stimulation used following 
different exercise protocols, it is not possible to state 
whether NMES effectively restores performance following 
exercise.47 

NMES and muscle soreness 
As outlined above, reducing muscle soreness is a common 
aspect of sports recovery. A number of studies have 
investigated the effect of NMES on DOMS. Most studies 
have failed to observe any positive effect of NMES on 
soreness when compared to active or passive recovery.47 

A few studies have suggested that NMES may temporarily 
reduce pain,54• 55 but these effects do not correlate with 
improved performance. Maffiuletti and DuPont make 
an interesting observation that NMES can effectively 
improve the subjective perception of recovery in 
athletes.56 The authors highlight that athletes consistently 
report that they feel better recovered or have greater 
levels of perceived energy than those who do not use 
NMES despite displaying no associated improvements in 
sports performance. The role of altered pain perception 
and other psychological factors in this regard is unclear; 
however, as discussed below, the perception of recovery 
may have beneficial effects for performance. 

In summary, there is some limited evidence that 
NMES can enhance blood flow and metabolite removal 
with certain types of electrical current applied over the 
peroneal nerve. There is no evidence that NMES can 
effectively enhance recovery of correlates of performance, 
but it may effectively enhance the perception of 
recovery through neuropsychological means. A pragmatic 
approach to the use of NMES in recovery is shown in 
Table 13.1. 

STRETCHING 
Athletes often stretch after exercise in an attempt to 
improve range of motion and reduce the perception 
of musculotendinous stiffness. While it is a regular 
component of post-exercise regimens, there is limited 
evidence of the effect of stretching on various aspects of 
recovery. 
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Table 13.1 A pragmatic approach to the use of neuromuscular electrical stimulation (NMES) in recovery56 

• NMES should be combined with submaximal voluntary dynamic contractions (such as toe curls) whenever possible, in order to 

maximise blood flow increase. 

• NMES should be applied distally (to the calf or foot muscles and eventually to the common peroneal nerve) rather than proximally 

(to the quadriceps muscle belly) to maximise the muscle pump effect. 

• NMES is most effective in weight-bearing and contact sports to reduce signs and symptoms of muscle damage. 

• NMES should be delivered with low doses but for long durations (such as overnight), during travel or by means of electrostatically 

charged self-adhesive membranes. 

Maffiuletti N, Dupont G. Electrostimulation-related recovery strategies. Aspetar Sports Medicine Journal 2015;4:64-70. Reproduced with permission. 

Lund et al. suggested that stretching following bouts 
of eccentric exercise may delay recovery.57 In a study 
investigating the effect of static stretching on DOMS 
following eccentric exercise in the quadriceps of seven 
untrained females, they reported that recovery of strength 
was impaired in the group who stretched their quadriceps 
for three repetitions of 30 seconds each day after exercise. 
The authors proposed that stretching after eccentric exercise 
caused further mechanical disruption and exacerbated 
muscle damage. In contrast, Torres et al. reported no effect 
of daily stretching on maximum voluntary contraction of the 
quadriceps following eccentric exercise in healthy untrained 
men.58 They also reported no effect of static stretching on 
CK levels or soreness, but did observe improvements in 
muscle stiffness when compared to passive recovery. The 
authors suggest that the changes in muscle stiffness may 
have functional benefits in terms of normalising muscle tone 
and enhancing quality of movement. This is an interesting 
postulation and merits further research. 

A few studies have reported positive effects of 
stretching on cycling performance; Dawson et al. noted 
improvements in a 6-second cycle sprint test 15 hours 
after an Australian rules football match with stretching 
when compared to a control.59 Dynamic stretching also 
improved performance during a second exhaustive bout of 
cycling. 11 Given the isolated nature of these findings and 
the fact that they were only observed during cycling, it is 
not possible to state that stretching positively influences 
recovery of performance in other sport settings. 

Most studies report no effect of stretching on recovery. 
A comparison of static stretching, CW! and passive 
recovery following strenuous stair climbing in rowers 
reported no differences between each of the interventions 
for strength or CK levels.60 Similarly, no differences were 
observed for systemic markers of stress and inflammation, 
blood lactate, anaerobic performance or psychological 
mood states after an exhaustive bout of endurance 
exercise for static stretching or for active recovery using 
either an anti-gravity treadmill or cycle ergometer.61 

Reviews have consistently failed to detect any positive 
effect of stretching on correlates of recovery after exercise 
despite testing various different stretching protocols.62 It 
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is important to note that post-exercise stretching does not 
appear to have any detrimental effects on performance. 

SLEEP 
Optimal sleep quality and quantity is the single best recovery 
strategy available to athletes. In studies of performance 
following partial sleep deprivation, sustained exercise was 
more affected than single maximal efforts.63 Thus, longer 
submaximal exercise tasks such as long-distance running 
may be affected following sleep deprivation. 

Suboptimal sleep may have a range of consequences for 
athletes beyond reduced performance, such as impaired 
immunity and endocrine function. This can affect the 
recovery process and adaptations to training.64 Sleep 
deprivation can also result in reduced cognitive function, 
increased pain perception, mood changes, altered 
metabolism and changes in inflammatory indicators.64 

Athletes often rank sleep deprivation and poor sleep 
quality as prominent causes of fatigue and tiredness.65 

Many athletes often have difficulties sleeping prior to 
important competitions.66• 67 Juliff et al. questioned 283 
elite Australian athletes and found that 64.0% of athletes 
indicated worse sleep on at least one occasion in the 
nights prior to an important competition over the past 
12 months.67 Athletes complained of difficulty falling 
asleep (82.1%) particularly because of thoughts about the 
competition (83.5%) and general nervousness (43.8%). 

Activity monitors have recently been utilised to 
measure sleep in British68 and Australian69 athletes with 
quite similar results. The 47 elite British athletes spent a 
total of 8:40 ± 0:50 hours:minutes in bed, compared with 
8:10 ± 0:20 in the control group. The athlete group had a 
longer sleep latency (time taken to fall asleep) (18 ± 17 vs. 
5 ± 3 min) and a lower sleep efficiency (estimate of sleep 
quality) than controls (81 ± 6 vs 89 ± 4%), resulting in a 
similar time asleep (6:55 ± 0:43 vs 7:11 ± 0:25 hours:minutes; 
mean ± SD). Thus, athletes had a comparable quantity of 
sleep to controls, but inferior quality of sleep. 

On average, the 124 Australian individual and team 
sport athletes went to bed at 23:59 ± 1.3, woke up at 
07: 15 ± 1.2 and obtained 6.8 ± 1.1 hours of sleep per 
night. Athletes from individual sports went to bed earlier, 



Table 13.2 Sleep hygiene strategies. Adapted from Halson64 

Bedroom , The bedroom should be cool (19-21 °C is best), dark and quiet. 

• A comfortable bed and pillows is important. 

Electronics • Avoid watching television in bed and using the computer or smartphone in bed. These can steal sleep time and 

form bad habits. 

Food and fluid • Avoid the use of caffeinated food and flu ids later in the day. 

• Do not go to bed after consuming too much fluid; this may result in waking up to use the bathroom. 

Behaviour • Create a good sleep routine by going to bed at the same time and waking up at the same time. 

• Before bed routine can help the body prepare for sleep. The routine should start about 30 minutes before 

bedtime (i.e. clean teeth, read a book, etc.). 

• Avoid watching the clock. Many people who struggle with sleep tend to watch the clock too much. Frequently 

checking the clock during the night can wake you up (especially if you turn on the light to read the time) and may 

reinforce negative thoughts. 

• Be organised. Utilise a 'to-do' list or diary to ensure organisation and avoid unnecessary over-thinking while 

trying to sleep. 

• Investigate relaxation/breathing techniques. 

• If you haven't been able to get to sleep after about 20 minutes or more, get up and do something calming or 

boring until you feel sleepy, then return to bed and try again. Sit quietly on the couch with the lights off (bright 

light will tell your brain that it's time to wake up). 

This is an open access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and 

reproduction in any medium, provided the original work is properly cited. 

woke up earlier and obtained less sleep (individual vs 
team; 6.5 vs 7.0 h) than athletes from team sports.69 

Given the effects of sleep deprivation on performance 
and other important aspects of elite athlete physiology 
and psychology, athletes should be appropriately educated 
regarding the importance of sleep and potential strategies 
to enhance sleep. Sleep hygiene practices that may enhance 
sleep quantity and quality are outlined in Table 13.2. 

WATER IMMERSION 
Post-exercise water immersion of various types has become 
popular with elite athletes to accelerate recovery from 
training and competition. Three main forms of water 
immersion exist: cold water immersion (CW!), hot water 
immersion (HWI) and contrast water therapy (CWT). Several 
authors have conducted meta-analyses to help clarify and 
explore the effects of these modalities on performance. 
Poppendieck et al. examined effect sizes for a range of 
performance measures following various cooling strategies.7° 
The largest average effect size was for sprint performance 
(2.6%, g=0.69), followed by endurance parameters 
(2.6%, g=0.19), jump performance (3.0%, g=0.15) and 
strength (1.8%, g=0.10). Similarly, Bieuzen et al. examined 
the effects of CWT on exercise-induced muscle damage and 
reported significantly greater improvements in CWT when 
compared to passive recovery.7 1 Further, CWT reduced 
muscle strength loss compared to passive recovery. Studies 
that compare the different forms of water immersion typically 
report that CW! and CWT enhance recovery more than 
HWI when used appropriately following cycling72• 73 and 

resistance training.74 Studies report accelerated performance 
recovery following CW! and CWT compared to HWI.75 

PRACTICE PEARL 

The results of recent meta-analyses suggest that 
on average CWI and CWT recovery interventions 
are beneficial for recovery of performance and 
perceptual parameters. 

As a result, recent research has focused on possible 
underlying mechanisms to explain these improvements. 

Cold water immersion and other forms of cryotherapy 
have traditionally been utilised to minimise inflammatory 
responses, and decrease oedema and pain. Physiologically, 
this has been shown to occur through reductions in 
limb blood flow, and reductions in skin, muscle and core 
temperature.76 Further, hydrostatic pressure can limit 
swelling and fluid accumulation, increase central blood 
volume and facilitate removal of metabolic waste.77 

Positive cardiovascular effects have also been observed 
with CW!, including lower heart rate, increased cardiac 
output and/ or stroke volume.77 

The effects of CW! on both the brain and pacing 
strategies have also been examined as possible con
tributors to improved performance findings. De Pauw 
et al. used brain mapping via electroencephalography to 
demonstrate changes in brain electrical activity indicative 
of decreased arousal and increased somatosensory 
information processing.78 The same research group also 

195 



demonstrated different cycling time trial pacing strategies 
in the heat,79 likely the result of decreased thermal strain. 

For recovery techniques to be beneficial following 
training, they must not only accelerate recovery, but 
also allow adaptations to training to occur. Based on the 
improvements in performance observed in acute CWI 
studies, two adaptation theories have been proposed 
The first is that hydrotherapy allows athletes to perform 
subsequent training sessions with a greater training load 
or quality, thus resulting in an enhanced stimulus for 
adaptation. Conversely, the second theory suggests that CWI 
may decrease adaptations to training due to minimisation 
of fatigue and inflammation occurring following training. 
Thus, some practitioners are questioning the use of chronic 
hydrotherapy treatment in elite athletes with respect to a 
potential negative influence on training adaptation. 

Yamane et al. report that regular CWI resulted in an 
attenuation of cycling performance improvements when 
compared to a control condition over a training period of 
4-6 weeks.80 Similar findings were reported by Higgins 
et al. whereby repeat sprint test performance decreased 
with CWI when compared with control in amateur rugby 
union players.81 Further, Frohlich et al. reported a small 
reduction in single-leg adaptation to strength training in 
trained male students when compared to cases where the 
leg was not immersed.82 

In contrast, recent research using elite cyclists found 
that CWI had no effect on adaptation during 6 weeks of 
training.83 CWI has also been shown to better maintain 
cycling performance over 5 days.84• 85 When examining 
submaximal performance, two recent studies have 
demonstrated an increase in submaximal cycling86 and 
submaximal resistance exercise87 suggesting that an 
athlete may be able to train at higher workloads, thereby 
increasing long-term training adaptation. This is an 
important new line of investigation as previous studies 
have focused almost entirely on maximal performance and 
not on the ability to enhance daily training. 

Increasing evidence exists to support the use of CWI 
and CWT, particularly in acute settings such as that of a 
competition or event. Further research is needed to fully 
elucidate the longer-term effects of water immersion on 
adaptation to training. 

COMPRESSION 
Many recovery strategies for elite athletes are based 
on medical equipment or therapies originally used on 
patients. Compression clothing is one of these strategies 
as it has traditionally been used to treat various lymphatic 
and circulatory conditions.88 Compression garments are 
thought to improve return of blood to the heart through 
application of graduated compression to the limbs from 
the ankle upwards. The external pressure created by 
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compression garments may reduce swelling, inflammation 
and muscle soreness, and thereby enhance recovery.89 

Research investigating compression in athletes 
typically focuses on wearing compression either during 
exercise or during recovery. Research exammmg 
performance while wearing compression is conflicting, 
mainly due to the heterogeneity in subjects, study design 
and type of compression worn. In a recent meta-analysis, 
Born et al reported small effect sizes for the application of 
compression clothing during exercise for short-duration 
sprints (10-60 m), vertical-jump height, extending time 
to exhaustion (such as running at VO2max or during 
incremental tests) and time trial performance (3-60 min).90 

From a specific recovery perspective, compression has 
been shown to improve performance between two 40 km 
time trials performed 24 hours apart.91 In this case, the 
compression was worn for the full 24 hours, which may not 
be practical or comfortable for many athletes. Compression 
has also been shown to improve sprint performance, with 
a shorter recovery period. Maximal sprint performance was 
enhanced when using compression for 20 minutes between 
sprints.92 Results of a meta-analysis suggest that when 
compression clothing was applied for recovery purposes 
after exercise, small to moderate effect sizes were observed 
in recovery of maximal strength and power, especially 
vertical-jump exercise; reductions in muscle swelling 
and perceived muscle pain; blood lactate removal; and 
increases in body temperature.88 Research investigating a 
multifaceted approach to recovery (including the use of full
body compression garments, CWI and sleep) was shown to 
assist subsequent tennis performance as well as resulting in 
favourable physiological outcomes such as reduced blood 
lactate, heart rate and perceived muscle and joint soreness.93 

From the research available, it appears that compression 
garments may be beneficial and do not appear to be 
harmful in any way. We recommend that compression 
garments be worn for at least 60 minutes after training or 
competition to maximise the recovery process. 

NUTRITION 
with GRAEME CLOSE 

Nutrition is essential for complete recovery. Recovery 
eating and drinking should help meet the athlete's total 
nutritional goals in terms of energy needs, desire to 
manipulate physique and overall requirements for nutrients. 
It must also be manageable within the practical constraints 
that govern the athlete's food intake; for example, to be 
affordable, to fit in with the daily timetable and social 
commitments, and to involve foods and drinks that are 
acceptable and readily available. Three primary concerns 
are fluid replacement, restoring fuels (largely carbohydrate 
in competitive sport today) and repair (largely protein). 



Replacing fluids 
Substantial fluid loss should be replaced. The simplest way 
to determine the amount of fluid lost is by weighing the 
athlete pre- and post-event. Every 1 kilogram of weight loss 
equates to 1 litre of fluid loss. The athlete should consume 
(i.e. via drinks and meals) water and sodium at a modest 
rate that minimises diuresis/urinary losses.94 Because 
sweat losses and obligatory urine losses continue during 
the post-exercise phase, effective rehydration requires the 
intake of about 125-150% of the final fluid deficit (e.g. 
1.25-1.5 L fluid for every 1 kg of body weight lost).95 

Dietary sodium/sodium chloride (from foods or fluids) 
helps to retain ingested fluids, especially extracellular 
fluids, including plasma volume. Therefore, athletes should 
include sodium in their post-exercise nutrition, particularly 
when large sodium losses have been incurred The optimal 
sodium level in a rehydration drink appears to be close to 
the sodium content of sweat96 and thus may be as high as 
50-80 mmoVL; this is higher than the sodium concentration 
of typical sports drinks and is close to the level found in 
oral rehydration solutions manufactured for the treatment of 
diarrhoea Fluid can be consumed with meals or snacks that 
include salt-rich foods (e.g. breads, breakfast cereals, crackers, 
cheese, preserved meats) or have been seasoned with added 
salt. Milk is a better sport drink for rehydration than many 
commercial products because of its sodium content as well 
as the protein and fat in it which may aid fluid retention.97 

Alcohol, particularly strong beers and shots, is a diuretic 
and is thus discouraged in the recovery period. However, 
the previous warnings about caffeine as a diuretic appear to 
be overstated when it is habitually consumed in moderate 
amounts (e.g. <180 mg= 1-2 standard brewed cups).95 

The athlete should start to consume fluids on finishing 
and aim to consume the target volume over the next 2-4 

hours. Spreading fluid intake over a period of time promotes 
gastrointestinal comfort and maximises retention via smaller 
urine losses.98 When the athlete's total energy needs are 
low, low-energy fluids such as water, low-energy soft drinks 
and mineral waters are recommended. When energy needs 
are higher, fluids can be combined with energy sources. 

Replacing fuel 
As most athletes use carbohydrates as their major fuel supply, 
glycogen restoration is one of the goals of post-exercise 
recovery, particularly between bouts of carbohydrate
dependent exercise where there is a priority on performance 
in the second session. Refuelling requires adequate 
carbohydrate intake and time. Provided that total energy 
intake is adequate,99 increasing carbohydrate intake increases 
muscle glycogen storage until an upper limit for glycogen 
synthesis is reached.100 The most recent guidelines for post
exercise glycogen storage recognise a scaling of requirements 
according to the fuel cost of training or competition and the 
athlete's body size.101 (Figure 13.2) 

Considerations in setting daily carbohydrate intake targets 
for aauatic athletes 
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Table 13.3 Carbohydrate-rich recovery snacks 

(50 g CHO portions)104 

• 700-800 ml sports drink 

• 2 sports gels 

• 500 ml fruit juice or soft drink 

• 300 ml carbohydrate loader drink 

• 2 slices toast/bread with jam or honey or banana topping 

• 2 cereal bars 

• 1 cup thick vegetable soup + large bread roll 

• 115 g (1 large or 2 small) cake-style muffins, fruit buns or 

scones 

• 250 g baked potato with salsa filling 

• 100 g pancakes (2 stack)+ 30 g syrup 

The mean hourly rate of glycogen restoration is about 
2% of the total glycogen capacity per hour; the maximum 
rate is around 5%. Thus, it can take approximately 24 hours 
to normalise stores after substantial levels of depletion.98 

During the 2-4 hour period after exercise, there is a 
potential for high rates of muscle glycogen storage as a 
result of the depletion-activated stimulation of the glycogen 
synthase enzyme and exercise-induced increases in muscle 
membrane permeability and insulin sensitivity. 102 This 
potential can be realised only if carbohydrates are consumed 
during this period; if not, refuelling rates are very low. 103 

Meals and snacks can be chosen from a variety of 
foods and fluids according to personal preferences of type 
and timing of intake. 100• 101 The athlete should aim for 
recovery drinks, snacks or meals providing carbohydrate 
equal to approximately 1 g/ kg/ hour body mass for the 
first 4 hours post-exercise. Appropriate carbohydrate-rich 
foods are shown in Table 13.3. 

Repair 
The Australian Institute of Sport (AIS) provides the 
following information in its factsheet on recovery nutrition: 

Prolonged and high-incensiry exercise causes a 
subsrancial breakdown of muscle protein. During 
rhe recovery phase rhere is a reduction in carabolic 
(breakdown) processes and a gradual increase in 
anabolic (building) processes, which concinues for 
ar least 24 hours after exercise. Early incake after 
exercise (within rhe first hour) of essencial amino acids 
from good quality protein foods helps ro promote rhe 
increase in protein rebuilding. Consuming food sources 
of protein in meals and snacks after rhis 'window of 
opporruniry' will further promote protein synchesis, 
though rhe rare ar which ir occurs is less. 104 

The maximal protein synthetic response to a resistance 
exercise bout is achieved with the intake of approximately 
20-25 g of high-quality protein105 or 0 .3 g/ kg body mass. 
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Protein consumed in excess of this threshold stimulates 
increased rates of irreversible protein oxidation and may 
be considered wasteful. 105 The pattern of intake over the 
rest of the day should probably involve a series of meals or 
snacks every 3-5 hours providing about 20- 25 g of protein 
rather than frequent feedings of smaller protein doses or 
infrequent meals with larger protein doses.106 Consuming 
protein just before bed may also be valuable because it 
can increase muscle protein synthesis at a time when it 
would otherwise be low. 107 

The important characteristics of protein-rich foods 
appear to be the digestibility of the food and its content 
of essential amino acids, especially leucine. High-quality 
protein-rich foods such as milk (or whey), eggs and meat are 
all associated with significant increases in muscle protein 
synthesis after exercise. 108 In the period immediately after 
exercise, at least, there is superior muscle protein synthesis 
with the intake of proteins that are rapidly digested to 
provide a rapid rise in plasma leucine concentrations; 
this includes whey protein (a rapidly digested, or 'fast', 
protein) and liquid protein forms. 109 

Adding a source of carbohydrate to the post-exercise 
protein will further enhance the training adaptation 
by reducing the degree of muscle protein breakdown. 
Chocolate milk is an excellent recovery drink combining 
carbohydrate and protein.110 Table 13.4 provides a list of 
carbohydrate rich snacks that also provide at least 10 g of 
protein, while Table 13.5 lists a number of everyday foods 
that provide approximately 10 g of protein.104 

According to the Australian Institute of Sport (AIS): 

Some athletes finish sessions with a good appetite, so 
most foods are appealing ro ear. On rhe other hand, a 
fatigued arhlere may only feel like eating something rhar 

is compact and easy ro chew. When snacks need ro be 
kepr or earen ar rhe training venue itself, foods and drinks 
rhar require minimal storage and preparation are useful. 
Ar orher rimes, valuable features of recovery foods include 
being portable and able ro travel incersrare or overseas. 
Siruarions and challenges in sporr change from day ro 
day and between arhleres, so recovery snacks need ro be 
carefully chosen ro meer rhese needs. 104 

Increasing numbers of athletes, especially endurance 
and ultra-endurance, are using fat rather than carbohydrate 
as their preferred primary fuel source. 111 Others are 
adopting the 'train low, compete high' regime which 
involves low carbohydrate intake during training with the 
aim of optimising use of fat as a fuel source, then using 
carbohydrates on the day of competition.112• 113 

In those athletes using the low-carbohydrate high-fat 
method of fuelling, glycogen stores are not significantly 
depleted so restoration with a high-carbohydrate meal 
following exercise is not required. Most athletes on this 



Table 13.4 Carbohydrate-protein recovery snacks 

(contain 50 g CHO plus valuable source of protein 

and micronutrients)104 

• 250-300 ml liqu id meal supplement 

• 300 g creamed rice 

• 250-300 ml milkshake or fruit smoothie 

• 600 ml low-fat f lavoured milk 

• 1-2 sports bars (check labels for carbohydrate and protein 

content) 

• 1 large bowl (2 cups) breakfast cerea l with mil k 

• 1 large or 2 small cereal bars+ 200 g fruit-flavoured yoghurt 

• 220 g baked beans on 2 slices of toast 

• 1 bread ro ll with cheese/meat filling + large banana 

• 300 g (bowl) fruit salad with 200 g fruit-flavoured yoghurt 

• 2 crumpets with thick spread peanut butter+ 250 ml glass 

of mi lk 

• 250 g baked potato+ cottage cheese fill ing + glass of milk 

Table 13.5 Foods providing approximately 10 g 

of protein104 

• Animal foods 

• 40 g of cooked lean beef/pork/lamb 

• 40 g skin less cooked chicken 

• 50 g of canned tuna/salmon or cooked fish 

• 300 ml of milk/g lass of Milo 

• 200 g tub of yoghurt 

• 300 ml flavoured milk 

• 1.5 slices (30 g) of cheese 

• 2 eggs 

• Plant-based foods 

• 120 g of tofu 

• 4 slices of bread 

• 200 g of baked beans 

• 60 g of nuts 

• 2 cups of pasta/3 cups of rice 

• ¾ cup cooked lenti ls/kidney beans 

regime find that simply having their normal meals is 
sufficient for nutritional recovery. 

Before leaving the topic of fuel, we remind you that 
research funding influences which elements of sports 
medicine are addressed. Food companies have openly 
contributed to the advancement of science with research 
grant funding to quality scientists. Such funding helps to 
leverage national health research grants; for example, the 
National Institutes of Health (NIH) in the United States, 
the Medical Research Council (MRC) in the UK and the 
National Health and Medical Research Council (NHMRC) 
in Australia. Many of these grants were used to study 
the effects of carbohydrate on recovery and performance. 
Other industries, such as the dairy industry and the meat 

industry, contributed to scientific research but their 
funding has not matched that of companies whose profits 
derive largely from carbohydrate products. 

PULLING THE DIFFERENT 
THREADS TOGETHER-PRACTICAL 
CONSIDERATIONS FOR THE CLINICIAN 
As stated above, recovery modalities for athletes must 
not only accelerate recovery but also allow training 
adaptation. Different types of activities place different 
demands upon the system and as such may require 
distinct approaches. A sound understanding of the nature 
of the activity from which the athlete seeks to recover 
and the associated metabolic, neural, psychological and 
mechanical load is necessary to ensure that each aspect of 
recovery is maximised. Table 13.6 summarises some of the 
factors that influence decision making. 

For example, reduced-impact or non weight-bearing 
exercise may be preferable following high-intensity 
exercise that involves lower limb mechanical loading. It 
is reasonable to consider that the tissue damage incurred 
during sports such as rugby may repair best with 
reduced mechanical loading; therefore, such strategies 
including cycling or water-based recovery may be more 
appropriate. 

The perception of recovery appears to be important 
and has the potential to influence sports performance. 
Investigating the effect of the perception of soreness on 
vertical jump in male soccer players, Smith and Jackson 
reported an inverse relationship between perception of 
soreness and vertical jump performance.114 This poses 
the interesting suggestion that performance during 
many of the tasks associated with recovery literature 
may be positively influenced by perception which, one 
would postulate, is related to central neuropsychological 
mechanisms rather than to local physiological effects. 
Given that many of the modalities commonly used as 
part of recovery have the potential to provide a strong 
psychological response, the positive effects reported by 
authors may include a large central effect. This should not 
be underestimated and specific strategies that maximise 
the complex interaction between perception, arousal and 
sports performance should be considered. 

This is not without its challenges, as the ability to 
extrapolate these principles is limited and highly context
specific. For example, the increased stress associated with 
important matches or during a period of particularly high 
training load may have significant effects on the perception 
of fatigue and subsequent performance. It is reasonable 
to suggest that during periods such as these, various 
modalities that facilitate enhanced feelings of wellbeing 
and reduced pain may be preferable; such modalities may 
include massage, NMES and compression garments. 
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Table 13.6 Summary of the various recovery modalities 

Active recovery 

Massage 

Neuromuscular 

electrical stimulation 

St retching 

Cold-water immersion 

Contrast water therapy 

Compression 

Sleep 

Nutrition 

• Metabolic 

• Psychological 

• Neural 

• Structura l 

• Psychological 

• Neural 

• Psychological 

• Structura l (muscle tone) 

• Psychological 

• Psychological 

• Neural 

• Metabolic 

• Psychologica l 

• Neura l 

• Metabolic 

• Psychological 

• Neural 

• All systems 

• Metabolic 

• Structural 

• Psychological 

Key considerations to aid decision making include the 
period of the annual training program (e.g. pre-season vs 
mid-season, high volume vs low volume), as well as the 
previous experience of the athlete and the culture of the 
specific sport. For example, CW! has become part of normal 
practice of many team sports and is now a usual part of the 
post-match recovery routine. Many such practices become 
embedded in preparation and scheduling; a recovery 
strategy that involves an alteration in the use of CW! has 
the potential to influence the perception of recovery as 
well as any associated psychological or physiological effects. 
Similarly, a decision to include specific interventions that 
are unfamiliar may place additional stress on the athlete. 
As such any changes (whether introduction or removal 
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• Most effective when subsequent exercise bout is within 20 min 

• Exercise intensity close to lactate threshold 

• Within 2 hours after exercise 

• Minimum 10 min duration 

• Moderate intensity 

• To increase blood flow, use distal application to initiate calf 

muscle pump 

• As soon as possible after exercise 

• Static stretching immediately after exercise 

• Mild- moderate intensity 

• As soon as possible after exercise 

• A total duration of 10-15 min 

• Temperature range 10-15°C 

• As soon as possible after exercise 

• Cold: 10-15°C 

• Hot: 38-40°C 

• 5-7 rotations of 1-2 min 

• Apply immediately after exercise for minimum of 60 min 
I 

• Use strategies outlined in Table 13.2 to enhance sleep quality 

• Rehydrate to 1.5x the weighed fluid loss (to account for 

ongoing losses) 

• Refuel with appropriate carbohydrate (Tables 13.3 and 13.4) 

• Repair with protein (Tables 13.4 and 13.5) 

of specific practices) should be carried out at a time that 
minimises any secondary effects on the athlete. 

SUMMARY 

Sleep and good nutritional practices are the cornerstone 
of recovery and every effort should be made to maximise 
the benefits of these interventions. As outlined above, 
additional modalities may be used to augment recovery 
through the complex interaction of psychological, 
metabolic, structural and neurophysiological factors. The 
ability to influence recovery in the sporting environment 
relies on the intelligent application of these principles to 
meet the specific needs of the athlete. 

References for this chapter can be found at www.mhhe.com/au/CSMSe 
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Chapter 14 

Clinical assessment: moving 
from rote to rigorous 
by CHAD COOK 

Listen: the patient is celling you the diagnosis. 
Sir William Osler, Canadian physician (1849- 1919) 

Clinical assessment is every top clinician's foundation 
stone and it is a complex skill. Its three goals are to: 

1. determine the diagnosis of the patient 
2. identify appropriate treatment mechanisms specific to 

that condition, and 
3. build a professional, interpersonal relationship with the 

patient to guide efficient management. 

Differential diagnosis is used to identify the pertinent 
diagnosis (condition) of the patient and is the focus of 
this chapter. This chapter should be read together with 
Chapter 15. 

Differential diagnosis is a systematic process used 
to identify the proper diagnosis from a competing set 
of possible diagnoses. The diagnostic process involves 
identifying or determining the aetiology of a disease or 
condition through evaluation of patient history, physical 
examination, and review of laboratory data or diagnostic 
imaging; and the subsequent descriptive title of that 
finding. 1 

WHY IS DIFFERENTIAL DIAGNOSIS 
IMPORTANT? 
Failure to correctly identify an appropriate diagnosis can 
lead to negative patient-reported outcomes,2 delays in 
appropriate treatment, 1 and unnecessary healthcare costs.3 

What makes diagnostic tests inaccurate? 

• failure to order appropriate tests (58% of instances) 
• inadequate history/physical examination (42% of instances) 
• incorrect test interpretations (37% of instances).4 

With respect to medical errors, diagnostic errors are 
the most commonly recorded type (29% of all errors) and 
account for the highest proportion of total payments (35%).5 

PRACTICE PEARL 

Differential diagnostic errors result in death or disability 
almost twice as often as other error categories. 

Although the exact prevalence of diagnostic error remains 
unknown, data from autopsy series spanning several decades 
conservatively and consistently reveal error rates of 10- 15%.6 

DIFFERENTIAL DIAGNOSIS: 
A THREE-STEP PROCESS 
Regardless of treatment environment, most clinicians 
follow a three-step questioning process during diagnostic 
assessment.7 

I. The first question of diagnosis involves the query of 
whether the patient's symptoms or emergent injury 
are reflective of a visceral disorder or a serious or 
potentially life-threatening illness. It is critical to be 
able to differentiate patients with symptoms that arise 
from a potentially life-threatening pathology or a non
mechanical disorder (i.e. referred pain). 

2. The second question of diagnosis involves determining 
from where is the patient's pain arising? This step has 
three substeps that involve: a. ruling out a location; 
b. ruling in a location but not knowing the tissue
related structure; and c. confirming the tissue-related 
structure that is causal. Although it is assumed that 
one can make an accurate tissue-related diagnosis, it 
is well known that differentiating tissue in the low 
back, shoulder, abdomen and hip is very challenging 
and it is not uncommon to see clinicians treat these 
areas without full knowledge of the tissue of origin. 
We will discuss this further at the end of this chapter. 
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3. The third question of diagnosis involves determining 
what has gone wrong with this person as a whole that 
would cause the pain experience to develop and persist.7 
This stage involves careful exploration of the social, 
psychosocial and socioeconomic contextual elements. 
This element is outlined in Chapter 17 (treatment) and 
given more detailed auention in Chapters 23 (neck pain) 
and 29 (low back pain). 

HOW TO CALCULATE AN ACCURATE 
DIAGNOSIS 
Diagnostic accuracy can be evaluated through a common 
set of metrics, metrics that are universally used regardless 
of testing type (e.g. imaging [Chapter 15], clinical testing, 
laboratory testing). 

PRACTICE PEARL 

Absolutely essential metrics that every clinician MUST 

understand include reliability, sensitivity and specificity, 

positive and negative predictive values, and positive and 

negative likelihood ratios (LR+ and LR-, respectively). 

Reliability 
In diagnostic terms, reliability involves the ability of a test 
to consistently identify a similar finding when retested 
(e.g. dynamometer testing for strength), or when used by 
a different clinician, or the level of consistent agreement 
among two or more clinicians when a particular test 
which requires interpretation is used (e.g. Lachman's 
test). Reliability is a required characteristic of diagnostic 
testing and is generally scored by 0- 1 if one evaluates a 
numerically scored test such as a goniometer, or 0- 1 if 
one assesses agreement among clinicians (higher scores 
reflecting greater agreement). 

Sensitivity and specificity 
Sensitivity and specificity are internal measures (meaning 
they are relatively independent of the sample) that are used 
in two distinct populations: 1. the disease of interest or 
injured population (sensitivity); and 2. a competing disease 
or non-injured population (specificity). Sensitivity is the 
percentage of people who test positive for a specific disease 
among a group of people who have the disease and this 
value is generally scored from 0% - 100%. Higher values have 
a greater ability to accurately identify those who have che 
disease of inceresc. Specificity is the percentage of people 
who test negative for a specific disease among a group of 
people who do not have the disease and this value is also 
scored from 0% - 100%. Higher values are more accurate at 
identifying those who do noc have che disease of inceresc. 
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To recap, sensitivity and specificity capture values from 
two distinct populations: 1. the disease of interest or injured 
population (sensitivity); and 2. a competing disease or non
injured population (specificity). Figure 14.1 represents the 
conditions of interest for calculating sensitivity and specificity. 
Sensitivity only reflects those who have a 'true positive' and 
a 'false negative' test finding. Specificity only represents those 
who have a 'true negative' and a 'false positive' test finding. As 
one can see, each value only represents (potentially) one-half 
ofthe diagnostic story, and using these values independently 
is a mistake commonly made among clinicians. 

PRACTICE PEARL 

The assumptions of SP in ('high specificity rules in') 

and SN out ('high sensitivity rules out') are erroneously 

based on these assumptions. 

Unfortunately, these outdated assumptions are 
misguided and cannot be advocated for clinical practice, 
primarily because routinely used tests have very high 
sensitivity and very low specificity (and vice versa), elimi
nating their capacity to discriminate conditions. 

Positive and negative predictive values 
Predictive values reflect the clinical sening. They are 
relevant when one asks the clinical question, The clinical 
screening test is positive. What is the likelihood that this 
patient truly has the condition?' Positive predictive value 

Has disease Does not have disease 

False negat ive True negative 

Figure 14.1 Sensitivity is measured among those individuals 

who have the disease. A great number of true positives 

and few false negatives lead to a high sensitivity (left ovoid). 

Specificity is measured among those who do not have the 

disease. In this case, a low number of false positives and a 

high number of true negatives generate a high specificity. Each 

of these numbers only represents half the diagnostic story. 
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is the probability that subjects with a positive screening 
test truly have the disease. Negative predictive value is 
the probability that subjects with a negative screening 
test truly don't have the disease. 

Like sensitivity and specificity, positive and negative 
predictive values only capture a portion of the population 
(Fig. 14.2) and should not be used exclusively in clinical 
practice because they fail to tell the full story of the 
test's utility. Positive predictive values include only true 
positives and false positives. Negative predictive values 
include only false and true negatives. 

PRACTICE PEARL 

Very importantly, positive and negative predictive 

values are markedly influenced by the prevalence 

of disease in the population that is being tested. If 

we test in a high-prevalence setting, it is more likely 

that persons who test positive tru ly have disease 

than if the test is performed in a population with 

low prevalence, thus artificial ly supporting the 

diagnostic value of a positive finding on a test. 

Likelihood ratio 
A high positive likelihood ratio (LR+) influences post-test 
probability with a positive finding. A value of> 1 rules in a 
diagnosis. A low negative likelihood ratio (LR-) influences 
post-test probability with a negative finding. A value closer 
to O is best and rules out the condition. Although others 
have suggested thresholds for independent decision making, 
likelihood ratios should be evaluated within the context 
of pre-test prevalence and in each unique clinical setting. 

Has disease 

True positive 

False negative 

Does not 
have disease 

Figure 14.2 Positive and negative predictive values. These 

should be used when the clinician is trying to answer the 

question, 'The clinical screening test is positive. What is the 

likelihood that this patient truly has the condition?' 

Both sensitivity and specificity are used to determine 
positive and negative likelihood ratios. LR+ is calculated 
using the formula (sensitivity)/ (100-specificity), whereas 
LR- is calculated using the formula (100-sensitivity)/ 
(specificity). In LR+ and LR- the full population of 
interest, including those with and without the disease of 
interest, is factored into the decision-making metrics. 

This supports likelihood ratios as the most favourable 
metric for determining influence of post-test probability and 
for truly understanding the influence of a test on diagnosis 
accuracy. Likelihood ratios account for the prevalence, 
give further perspective, and allow for adjustments of test 
values in extreme cases of low or high prevalence. Some 
consistencies occur regardless of disease of interest. A 
higher pre-test probability will always improve the post
test probability. A lower pre-test probability will demand 
a strong LR+ (to rule in); conversely, a higher pre-test 
probability will require a lower LR- (to rule out) to notably 
alter the post-test probability. 

Clinical utility 
Clinical utility is a term used when evaluating the 
ability of the metrics to influence post-test probability 
(either in ruling out the condition or ruling it in) or just 
improving your likelihood of being correct. A nomogram 
is a routinely used mechanism to identify post-test 
probability. A nomogram has three scoring mechanisms, 
mounted vertically, left to right (Fig. 14.3).8 
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Figure 14.3 Fagan's nomogram8 
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Applying Fagan's nomogram to the clinical setting: this tool is a key and underrated 
instrument for your career 

Nomograms are an important learning mechanism to 

understand the interplay of pre-test probability, test metrics 

and post-test probabi lity when differentially d iagnosing. 

Consider the case of a patient with an anterior cruciate 

ligament (ACL) injury (Fig 14.4). Although ACL injuries are 

relatively uncommon per ath lete exposure, the injuries make 

up a larger percentage of patients with knee problems in the 

sports medicine setting.9 

If the percentage of individuals seen with an ACL injury in a 

busy sports medicine setting is 15%, one can assume that by 

chance, if the clinician 'guessed' ACL injury, he or she would be 

correct in 15% of cases. Since our goal is to improve post-test 

The left column represents the pre-test probability of 
the disease of interest with either no testing, based on the 
probability of occurrence in the practice environment of 
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0.2 
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99 0.1 
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Figure 14.4 This illustrates the case where the pre-test 

probability (left) was 15%, LR+ (middle line) was 4.5 and 

the post-test probability (derived from those points if the 

test was positive, green arrow) was 44%. In practice, this 

means the clinician has increased his/her confidence about 

a diagnosis from 'relatively unlikely' to 'relatively likely'. This 

will affect the treatment plan and the conversation with 

the patient as to the treatment plan (see 'shared decision 

making' in Chapters 2 and 15.) 
REPRODUCED WITH PERMISSION OF NEW ENGLAND JOURNAL OF MEDICINE 
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probabi lity, the clinician may use a Lach man's test to further 

evaluate the likelihood of the condition. In a meta-analysis, 

the Lachman's test had an LR+ of 4.5 and LR- of 0.2. 10 Using 

the pre-test probabili ty of 15% (based on numbers from the 

busy sports medicine setting) a positive Lachman's test would 

increase the post-test probability to 44% (green arrow, Fig. 14.4). 

In contrast, a negative finding on the Lachman's would result in a 

post-test probability of 4% (red arrow, Fig. 14.4). 

Similar calculations can be performed for all cond itions in 

al l settings, with an understanding that pre-test prevalence will 

vary in different settings. Note that likelihood ratios are only as 

good as the influence they provide on post-test probability. 

the clinician (i.e. anterior cruciate ligament tears are more 
common in a sports medicine specialist's environment), or 
based on the data used to evaluate the sample. This value 
is scored 0% (low prevalence) to 99% (high prevalence). 
The middle column represents the inherent likelihood 
ratio (positive in the upper column, negative in the lower 
column) and is generally combined with the pre-test 
probability to determine post-test probability. 

The final column (on the right of the nomogram) 
represents the post-test probability. This value is 
determined by running a line from the pre-test probability, 
through the middle column (test metric) to the post-test 
probability value (Fig. 14.4). 

PRACTICE PEARL 

Differential diagnosis is case dependent and several 

rules of thumb are useful. 

Tests will generally have high LR+ or a small LR
but rarely both. Consequently, the test metrics drive 
appropriate use: some should be used early to rule out a 
condition (those with small LR-) and some should be used 
later to confirm the presence of the condition (those with 
a large LR+). If the tests are used inappropriately, such as 
using a test with low LR- but also a low LR+, to rule in a 
condition, one is unlikely to accurately represent what the 
test is designed to do. Table 14.1 gives some examples of 
which tests are best for use early to 'rule out' a condition 
(small LR-) or late to 'rule in' a condition (large LR+). 

For a comprehensive list of the best tests and measures, 
and each test's individual metrics, see the textbooks on 
physical examination by Professors Chad Cook and Eric 
Hegedus (Fig. 14.5)11 and clinical assessment by Dr Michael 
Reiman (Fig. 14.5).12 Both are essential resources. 
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Table 14.1 Common tests and measures and the test's ability to 'rule In' or 'rule out' a condition 11 

Straight-leg raise for lumbar 

radiculopathy 

.. 
A (negative) test has a small LR- and reduces to 

the post-test probability of lumbar radiculopathy 

The test should be used early in 

the examination to rule out lumbar 

radiculopathy only 

The External Rotation Lag sign for A (positive) test has a high LR+ and increases the The test should be used near the end of 

infraspinatus tears of the shoulder post-test probability of an infraspinatus tear the examination to rule in an infraspinatus 

tear of the shoulder 

The Hawkins-Kennedy test for A (negative) test has a low LR- and reduces the The test should be used early in the 

impingement of the shoulder post-test probability of shoulder impingement examination to rule out impingement of 

the shoulder 

The patellar-pubic percussion test The test has both a low LR- and a high LR+ and The test is a rare one that can rule in or rule 

for the hip (fractured femur) influences post-test probability with a negative out a hip fracture and can be used at all time 

and a positive points, respecting safety for the patient 

The anterior drawer test for an A (positive) test has a high LR+ and increases the The test should be used near the end of 

ACL tear post-test probability of an ACL tear the examination to rule in an ACL tear 

The squeeze test for a The test does not exhibit a high LR+ or a small LR-, The test should not be used to rule in or 

syndesmosis injury at the ankle thus it does not influence post-test probability rule out 

With some adapted content from Cook C, Hegedus E. Orthopedic Physical Examination Tests: An Evidence-Based Approach. 2nd edn. Upper Saddle 

River NJ; Prentice Hall: 2013. 

(a) (b) 

Orthopedic 
Clinical 
Examination 
Includes a 
web resource with 
24 Interactive case studies 
and 50 videos 

Michael P. Reiman 

Figure 14.5 Two excellent resources to help you become a skilled clinician. (a) Orthopedic Physical Examination Tests by 

Professors Chad Cook and Eric Hegedus11 (b) Orthopedic Clinical Examination by Dr Michael Reiman12 

COOK, CHAD; HEGEDUS, ERIC, ORTHOPEDIC PHYSICAL EXAMINATION TESTS: AN EVIDENCE-BASED APPROACH, 2ND ED., © 2013. REPRINTED BY PERMISSION 

OF PEARSON EDUCATION, INC., NEW YORK, NEW YORK; REIMAN M.P., ORTHOPEDIC CLINICAL EXAMINATION, © 2016, REPRINTED BY PERMISSION OF HUMAN 

KINETICS, CHAMPAIGN, IL 
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THE FORMAL DIAGNOSTIC ASSESSMENT 
Diagnosis relies on taking a careful history, performing 
a thorough physical examination and using appropriate 
investigations. There is a tendency for clinicians to rely 
too heavily on sophisticated investigations and to neglect 
their clinical skills. 13 The goal of the clinical assessment 
when considering differential diagnosis is to improve post
test probability, thus providing the most appropriately 
aligned care to the athlete. During clinical assessment, 
all test findings have the capacity to influence post
test probability, including: 1. patient history and intake 
information; 2. observation; 3. the dedicated clinical 
(movement and performance) examination; and 4. special 
triage or confirmatory testing. 

It is imperative to recognise that key features such 
as training history, nutrition, general health, work and 
leisure habits, past injury, equipment use, sports-specific 
demands, involvement in other sports and psychological 
features can markedly influence the diagnosis of a patient. 
These features paint a comprehensive picture of the state 
of the athlete's condition and the external factors that 
may drive future care needs. 

It is well known that clinicians place too great a value 
on single testing mechanisms during differential diagnosis, 
and the tests do not have the capacity to discriminate 
in absence of these other important considerations. This 
includes ALL forms of tests, such as imaging, laboratory 
testing and so on. In essence, a good clinician evaluates 
all the information and places the test finding in context. 

PRACTICE PEARL 

Most clinicians overestimate the utility of special 

tests, assuming they provide more decision-making 

capacity than they do. Only use special tests in 

context to the rest of the clinical assessment. 

The role of bias in influencing 
diagnostic metrics 
Can you rely on published reports of test accuracy? 
Unfortunately not, because the design of a study can 
markedly influence its reported diagnostic accuracy. 
Recognising this, Whiting and colleagues created the 
Quality Assessment of Diagnostic Accuracy Studies tool 
(QUADAS) and subsequently QUADAS 11. 14 A number of 
researchers have recognised the influence of bias through 
use of QUADAS and its impact on elevating test metrics. 
Each study should be carefully analysed for risk of bias 
before considering the test's use in clinical practice. Some 
biases can elevate the value of accuracy metrics by four 
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PRACTICE PEARL 

Diagnostic metrics from diagnostic accuracy 

studies that exhibit high risk of bias, regardless of 

where these studies were published, should not be 

incorporated into clinical practice. Bias markedly 

influences test metrics. 

times the realistic amount, suggesting far greater utility 
of a test that may provide very little in clinical practice. 

Challenges to making a diagnosis 
Differential diagnosis is an imperfect science. For reasons 
beyond the limitations of testing, some diagnoses are 
extremely difficult to make. The following are examples 
of non-correctable challenges to diagnosis and deserve 
explanation. 

• Verification bias occurs when the gold standard 
procedures (e.g. biopsy, surgery) are provided to only 
a select few (because of costs, effort and so on) and 
subsequently only reflect that select few. Unfortunately, 
the extra step needed to improve the accuracy limits 
the generalisability of the finding. Whether a more 
traditional population would yield the same result is 
unknown. 15 

• Syndromes refer only to the set of detectable 
(examination) characteristics (signs and symptoms) 
that are related to a defined diagnosis. Unlike diseases, 
which have hard imaging, clinical or laboratory findings, 
syndromes are purely based on numerous intangible 
features (e.g. thoracic outlet syndrome), increasing the 
likelihood that two individuals can be diagnosed with 
the same problem, despite exhibiting notably different 
clinical findings. 

• Condition severity is a known mediator to diagnostic 
accuracy. For example, a superior labral anterior 
posterior (SLAP) lesion can be categorised into 
four distinct groups using Snyder's classification. 16 

Type I and type II classifications exhibit clinical 
features that are strikingly similar to a rotator cuff 
tear, impingement, bursitis and so on, and these 
classifications are notably difficult to differentiate in 
clinical practice in comparison to the more severe 
classifications of type III and IV. 

• Incorporation bias occurs when the test is pan of the 
diagnosis. An example is patellofemoral pain syndrome 
which is a diagnosis based on anterior knee pain 
and challenges with functional activities. Often, the 
functional activities are testing for their predictability; 
despite that, these are pan of the diagnosis itself The main 
problem with incorporation bias is its overestimating 
diagnostic accuracy. 
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FINAL THOUGHTS AND GUIDANCE 
There are a number of considerations one must make 
that go beyond diagnostic metrics and clinical tests 
and measures. First, as David Matcher implies, few 
tests markedly change clinical practice for the good of 
society.17 One can argue that a minority of our clinical 
tests and measures are superfluous and do little in 
assisting in decision making for the long-term good of 
our athlete. This is likely why we have a proliferation of 
newly created clinical tests for diagnosis of the shoulder, 
the sacroiliac joint and other problematic regions. 

REFERENCES 

References for this chapter can be found at www.mhhe.com/au/CSM5e 

It is imperative that differential diagnosis include a 
careful discussion with the athlete and the implications of 
the finding. Shared decision making is necessary for both 
parties to consider which treatment is appropriate for the 
condition. By being aware of the limitations highlighted 
in this chapter, clinical assessment and judicious use of 
imaging provides a great foundation for the treatment 
plan. In Chapter 15, we share some practical clinical 
approaches you can use to maximise your chances of 
arriving at the most likely diagnosis! The great clinician 
combines science and art. 
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Chapter 15 

How to make the diagnosis 

with ALI GUERMAZI, JON PATRICIOS and BRUCE FORSTER 

Wherever the arr of medicine is loved, there is also a love of humanity. 
Hippocrates (c.460-370 BCE) 

This chapter should be read in conjunction with Chapter 
14. These chapters are very different from their fourth 
edition predecessors. In earlier editions of Clinical Sports 
Medicine, we argued for the importance of accurate 
pathological diagnosis. At times, this is realistic. A player 
falls on his or her wrist and sustains an acute scaphoid 
fracture. You can make a clinical diagnosis and confirm 
it with imaging. So far, so good. Accurate tissue diagnosis 
remains a foundation where appropriate. 

In this fifth edition, we recognise that we previously 
overestimated the proportion of settings where accurate, 
uery specific tissue diagnosis is possible. Consider patients 
who present with low back pain. Is the tissue diagnosis 
the facet joint, vertebra, fascia, muscle or disc? In these 
cases, can investigation, such as magnetic resonance 
imaging (MRI) provide the holy grail of tissue diagnosis? 
No, MRI cannot. 

This chapter reinforces Chapter 14's key message
the art of diagnosis takes place against a backdrop of 
patient-based probabilities. Honest teachers will explain 
that the clinician is narrowing the odds from the 'pre
test probability' to a new 'post-test probability'. (See 
Likelihood ratios and Fagan's Nomogram, Chapter 14.) 

DOES 'DIAGNOSIS' MEAN 'TISSUE 
DIAGNOSIS'? 
Is there a difference between a diagnosis of: 1. 'swimmer's 
shoulder'; 2. 'rotator cuff tendinopathy'; and 3. 'shoulder 
pain related to training load errors and suboptimal 
biomechanics'? The first of these ('swimmer's shoulder') 
represents a 1970s advance in sports medicine. Alongside 
labels such as tennis elbow, goalie's elbow, hockey 
player's groin and footballer's ankle, 'diagnosis' consisted 

of the name of a sport paired with a commonly injured 
body part. This was an advance at the time, as many 
doctors were not aware of sports medicine conditions 
and sports physiotherapy had not yet emerged in many 
countries. 

The major limitation of this type of label is lack of 
precision. Each of those labels (e.g. hockey groin) could 
apply to a number of pathological entities which may 
benefit from distinct treatment. Such labels have no place 
in 2lst-century sports medicine. 

What about 'rotator cuff tendinopathy'? Is that a valid 
diagnosis? The fourth edition of Clinical Sports Medicine 
asserted that accurate pathological diagnosis was essential 
for the following reasons. 

• It enabled the clinician to explain the problem and the 
natural history of the condition to the athlete, who will 
want to know precisely for how long he or she will be 
affected. A patient may present with an acute knee injury 
but the diagnosis of anterior cruciate ligament (ACL) tear 
has markedly different implications to the diagnosis of 
minor meniscal injury. 

• It enabled optimum treatment. Numerous conditions haue 
similar presentations but markedly different treatments. 
For example, consider the differences in treatment between: 
lateral ligament sprain of the ankle and osteochondral 
fracture of the talus; patellofemoral joint syndrome and 
meniscal tear; and hamstring tear and hamstring pain 
referred from the lumbar spine. 

• It enabled optimum rehabilitation prescription. For example, 
rehabilitation after shin pain due to stress fracture will be 
more gradual than that after identical shin pain due to 
chronic compartment syndrome. 
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In that edition, we acknowledged that 'occasionally' it 
can be impossible to make a precise pathological diagnosis 
as in the case of back pain mentioned above. In such cases, 
it is still possible to exclude certain causes of low back 
pain (e.g. spondylolysis) and identify abnormalities such as 
areas of focal tenderness, altered soft tissue consistency or 
abnormalities of range of motion. Treatment then aims to 
resolve the condition. How treatment affects symptoms and 
signs can help determine how each particular abnormality 
contributes to the overall picture. An important final step in 
management is to address the cause/s: intrinsic and extrinsic. 

PRACTICE PEARL 

Our current perspective is that we overestimated 

the number of cases where a 't issue diagnosis' is 

accurate and we certainly underestimated the role of 

the psychosocial factors in the patient's perception 

of the injury. 

The biopsychosocial model featured in the fourth edition 
of Clinical Sports Medicine but only in the chapter on neck 
pain, rather than in Part A: Fundamental Principles. We failed 
to feature the biopsychosocial model in the diagnosis or 
treatment chapters but amend that in this edition (Fig. 15.1). 

It is widely appreciated that in many clinical settings 
'accurate tissue diagnosis' is impossible. Despite that, the 
clinician can guide the patient by assessing impairments, 
documenting the patient's level of function, providing 
reassurance based on epidemiological evidence of clin
ical outcomes and natural history. In sum, the clinician 
contributes his/her knowledge of best evidence 
rehabilitation to the shared decision. 1• 2 

KEYS TO ACCURATE DIAGNOSIS 
Diagnosis relies on taking a careful history, performing 
a thorough physical examination and using appropriate 
investigations. Today, patient-reported outcome 
measures (PROMs) may also be essential as part of the 
initial assessment and this is introduced in the next 
chapter (Chapter 16). Useful PROMs are also included in 
the regional injury chapters in Part B of this book. 'Over
reliance on sophisticated investigations and neglected 
clinical skills' has been a mantra of senior medical 
educators for decades and the problem may be worsening. 

Keys to accurate diagnosis in patients presenting with 
apparent musculoskeletal pain include: 

• the age of the patient 
• the mechanism of injury 

Figure 15.1 The biopsychosocial (BPS) model of disease provides an important context for the patient's experience (a) In a 

purely biomedical model, pathology explains the patient's pain experience and this is considered virtually equivalent to the 

patient's experience (b) The biopsychosocial model provides a holistic approach to diagnosis. Many factors, not only the 

tissue pathology, should be taken into account. Psychological and social/sport factors, depicted here, contribute to a more 

compete diagnosis. See also Chapters 5 and 6 that explain pain in sports injuries 
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• whether the symptoms are of musculoskeletal origin 
(Chapter 7) 

• possible local causes of the patient's symptoms 
• sites that could be referring pain to the site of the 

symptoms (Chapters 5, 6) 
• the relevant kinetic chain (e.g. the back and lower limb 

in a shoulder injury of a tennis player) 
• biomechanics (Chapters 8 and 9) 
• other possible causative factors (e.g. metabolic) 
• patient expectations and understanding. 

HISTORY 
History remains the keystone of accurate diagnosis; it 
will provide the diagnosis in the majority of cases. Please 
consider the following principles when taking a history. 

Allow enough time 
The patient must feel that the clinician has time available 
to allow the story to unfold, otherwise important 
symptoms will not surface. In addition to the details of 
the injury, there must be time to take the history of the 
training program including details of training workload 
where this is available. Look into possible causes of 
injury. Diet history may be appropriate (i.e. contributing 
to stress fracture likelihood). As a minimum, 30 minutes 
is required to assess a patient with a new injury but in 
complex chronic cases up to one hour may be necessary. 

Be a good listener 
The clinician must let the story unravel. Appropriate body 
language and focus on the patient, and not the medical 
record or computer screen, will aid this. The sports 
clinician is in the fortunate position that many patients 
have good body awareness and are generally able to 
describe symptoms very well. 

Know the sport 
It is helpful to understand the technical demands of a 
sport when seeing an athlete as this engenders patient 
confidence. More importantly, knowledge of the bio
mechanics and techniques of a particular sport (see 
Chapter 9) can assist greatly in both making the primary 
diagnosis and uncovering the predisposing factors. 

Discover the exact circumstances of 
the injury 
The first task in history taking is to determine the 
exact context of the injury. The patient's age is the first 
clue: knee pain in an adolescent is more likely to be an 
apophysitis such as Osgood-Schlatter disease while in 
an elderly person degenerative causes are more likely; 
'tennis elbow' in a child would be unusual but not in 

middle age. Next, the mechanism of injury warrants 
careful consideration. Most patients will be able to 
describe in considerable detail the mechanism of injury. 
In acute injuries, this is the single most important 
clue to diagnosis. For example, an inversion injury to 
the ankle strongly suggests a lateral ligament injury, a 
valgus strain to the knee may cause a medial collateral 
ligament injury, and a pivoting injury accompanied 
by a 'pop' in the knee and followed by rapid swelling 
suggests an ACL injury. 

Obtain an accurate description of symptoms, 
both at the time of injury and at the initial 
consultation 
Common musculoskeletal symptoms include pain, 
swelling, instability and loss of function. 

Pain 
Consider the characteristics of the patient's pain. 

1. Location. Note the exact location of pain. Detailed 
knowledge of surface anatomy can be invaluable. If 
the pain is poorly localised or varies from site to site, 
consider the possibility of referred pain. 

2. Onset. Speed of onset helps determine whether the 
pain is due to an acute or overuse injury. Was the 
onset of pain associated with a snap, crack, tear or 
other sensation? 

3. Severity. Severity may be classified as mild, moderate 
or severe. Using a pain score (e.g. numerical rating scale 
[NRS]) or a specific outcome measure may be useful 
to gauge severity and monitor improvement. Another 
very helpful method is to have the patient detail the 
most important activity for them, and rate that with a 
score. Assess the severity of the pain immediately after 
the injury and subsequently. Was the patient able to 
continue the activity? 

4. Irritability. This refers to the level of activity required 
to provoke pain and how long it subsequently takes to 
settle. The degree of irritability is especially important 
because it affects how vigorously the examination 
should be performed and how aggressive the treatment 
should be. 

5. Nature. This refers to the quality of the pain. It is 
important to allow patients to describe pain in their 
own words. For example, 'burning pain' can suggest 
neural involvement. 

6. Behaviour. ls the pain constant or intermittent? What 
is the time course of the pain? ls it worse on waking 
up or does it worsen during the day? Does it wake the 
patient at night? 

7. Pain site and distribution. Does the pain radiate at all? If 
so, where? 
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8. Aggravating factors. Which activity or posture 
aggravates the pain? 

9. Relieving factors. ls the pain relieved by rest or the 
adoption of cenain postures? Do cenain activities 
relieve the pain? ls the pain affected by climatic 
changes (e.g. cold weather)? 

10. Associated features. These include swelling, instability, 
sensory symptoms (such as pins and needles, tingling 
or numbness) and motor symptoms (such as muscle 
weakness). 

11. Previous treatment. What was the initial treatment 
of the injury? Was ice applied? Was firm compression 
applied? Was the injured part immobilised? If so, for 
how long? What treatment and rehabilitation has 
been performed and what effect did that treatment 
have on the pain? The latter is panicularly important 
when you are providing a second or subsequent 
opinion in cases of long-standing problems. 

Swelling 
Immediate swelling following an injury may indicate a 
severe injury such as a fracture or major ligament tear 
accompanied by haemanhrosis. Record the degree of 
swelling (mild, moderate or severe) and subsequent 
changes in the amount of swelling. 

Instability 
Any history of giving way or feeling of instability is 

significant. Try to elicit the exact activity that causes 
this feeling. For example, in throwing, does the feeling of 
instability occur in the cocking phase or the follow-through? 

Function 
It is important to know whether the athlete was: 1. able 
to continue activity without any problems immediately 
after the injury happened; 2. able to continue with some 
restriction; or 3. unable to continue. Note subsequent 
changes in function with time. When patients present 
with chronic conditions, or have been receiving 
treatment already, see what level of function they have 
reached. Have they just failed to rehabilitate to the 
necessary level of function?3 (See Chapter 18.) 

History of a previous similar injury 
If the athlete has had a previous similar injury, record 
full details of all treatment given, response to each type 
of treatment and whether any maintenance treatment 
or exercises have been performed following initial 
rehabilitation. Previous injury is the most important risk 
factor for recurrence. 
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Other injuries 
Past injuries may have contributed to the current injury; 
for example, an inadequately rehabilitated muscle tear that 
has led to muscle imbalance and a subsequent overuse 
injury. Because of the imponance of spinal abnormalities 
as a potential component of the athlete's pain (Chapter 5), 
the patient should always be questioned about spinal 
symptoms, especially pain and stiffness in the lower back 
or neck. Past or present injuries in body parts that may 
at first seem unrelated to the present injury may also be 
imponant. For example, a hamstring injury in a throwing 
athlete can impair the kinetic chain leading to the shoulder, 
alter throwing biomechanics and thus contribute to a 
rotator cuff injury. 

General health 
ls the patient otherwise healthy? Musculoskeletal 
symptoms are not always activity related (Chapter 7). 
Red flags for serious medical conditions masquerading as 
sports injuries include: 

• no specific mechanism of injury 
• pain unrelated to activity 
• night pain 
• associated symptoms and signs such as weight loss, 

fever, malaise, lymphadenopathy 
• poor response to treatment. 

Consider asking specifically about diabetes, possible 
undiagnosed inflammatory conditions (e.g. skin problems 
of psoriasis, bowel complaints associated with spondy
loarthropathies) and familial conditions. 

Work and leisure activities 
Work and leisure activities can play a role in both the 
aetiology and subsequent management of an injury. For 
example, a patient whose job involves continual bending 
or who enjoys gardening may aggravate his or her low 
back pain. It is important to know about these activities 
and to ascertain whether they can be curtailed. 

Consider why the problem has 
occurred 
Predisposing factors should be considered not only in 
overuse injuries, but also in medical conditions and 
in acute injuries. In an athlete struggling to return to 
play after an ACL injury for example, there may be an 
underlying psychological component. 

An athlete with an acute hamstring tear may have a 
history of low back problems or, alternatively, a history of 
a previous inadequately rehabilitated tear. Recurrence can 
only be prevented by eliminating the underlying cause. 



Training/activity history 
In any overuse injury, a comprehensive training history 
is required. This is best done as a weekly diary as most 
athletes train on a weekly cycle (Chapter 12). It should 
contain both the quantity and quality of training and 
describe any recent changes. Note the total amount 
of training (distance or hours depending on the sport) 
and training surfaces. Ideally, the patient will have a 
detailed training history that includes perception of how 
hard training was. Training can be measured as (i) 'internal 
load', such as measured by rating of perceived exertion 
(RPE), or (ii) 'external load', such as training volume in 
distance covered or balls pitched or bowled. Continual 
activity on hard surfaces or a recent change in surface 
may predispose to injury. In running sports, pay particular 
attention to footwear (Chapter 8). For both training and 
competition shoes, note the shoe type, age and wear 
pattern. Record recovery activities such as soft tissue 
therapy, spa/sauna and hours of sleep. Asking patients to 
bring a training diary or history to the consultation is a 
useful pre-emptive tactic. 

Equipment 
Inappropriate equipment may predispose to injury 
(Chapter 12). For example, a bicycle seat that is set too 
low may contribute to patellofemoral pain. 

Technique 
Patients should discuss technique problems that either 
they, or their coach, have noted. Faulty technique may 
contribute to injury. For example, a 'wristy' backhand 
drive may contribute to extensor tendinopathy at 
the elbow (Chapter 9). 

Overtraining 
Symptoms such as excessive fatigue, recurrent illness, 
reduced motivation, persistent soreness and stiffness may 
point to overtraining as an aetiologic factor. 

Psychological factors 
Injury can be caused or exacerbated by a number of 
psychological factors that may relate to sport (i.e. pressure 
of impending competition), or may concern personal 
or business life. The clinician needs to consider this 
possibility and approach it sensitively. 

Nutritional factors 
Inadequate nutrition can predispose to the overtrammg 
syndrome and may play a role in the development of 
musculoskeletal injuries. Eating disorders may also inhibit 

healing. In an athlete presenting with excessive tiredness, 
a full dietary history is essential. 

Drugs: prescription and others 
As with all complete medical histories, a history of 
medication use may be appropriate. Fluoroquinolone 
antibiotics may be the cause of a patient's tendinopathy, 
while cold and influenza medications have been 
associated with arrhythmias. Athletes may take social 
drugs such as cocaine, and performance-enhancing 
anabolic steroids have a range of systemic side effects. 
Athletes are unlikely to volunteer this information, and 
direct questioning is not only appropriate but reveals 
a good clinical understanding of the context of injury 
in sport. 

History of exercise-induced 
anaphylaxis 
Exercise-induced anaphylaxis (EIA) and food-dependent, 
exercise-induced anaphylaxis (FDEIA) are rare, but 
potentially life-threatening clinical syndromes in which 
association with exercise is crucial. It is a clinical 
syndrome in which anaphylaxis occurs in conjunction 
with exercise. Given the rarity of the condition, our 
current understanding relies on case studies alone and is 
acknowledged as being very limited.4 

Determine the importance of the sport 
to the athlete 
The level of commitment to the sport, which will 
not necessarily correlate with the athlete's expertise, 
has a bearing on management decisions. Be aware 
of the athlete's short- and long-term future sporting 
commitments to schedule appropriate treatment and 
rehabilitation programs. 

Differential diagnosis 
At the conclusion of taking the history, 1t 1s important 
to consider the differential diagnosis and the possible 
aetiologic factors. Then proceed to a thorough focused 
examination. 

PHYSICAL EXAMINATION 
In this practical chapter, we share a number of general 
principles that might speed the novice clinician towards 
better physical examination. We acknowledge the 
limitations of physical examination (Chapter 14)5 and 
of imaging (below), but they still provide valuable 
information that increases the likelihood of making the 
correct diagnosis and thus of choosing evidence-based 
treatment for a patient's complaints. 
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Develop a routine 
Use a specific routine for examining each joint, region or 
system as this forms a habit and allows you to concentrate 
on the findings and their significance rather than thinking 
of what to do next. In Part B we outline a routine for 
examining each body part. 

Remember that in most sports the athlete functions 
in the upright position. Avoid the temptation to only 
examine the patient in a supine or prone position. 
Moreover, running sports involve supporting the body 
on one leg or the other most of the time. Simulate this 
in your examination. Consider starting the examination 
assessing posture and having the patient perform various 
stress tests on one leg (e.g. hopping, one-legged squat). 

Where relevant, examine the other side 
With some aspects of the examination (e.g. ligamentous 
laxity or muscle tightness), it is important to compare 
sides using the uninjured side as a control. 

Consider possible causes of the injury 
Try to ascertain the cause of the injury. It is not sufficient 
to examine the painful area only (e.g. the Achilles tendon). 
Acknowledge the importance of the kinetic chain. 
Examine joints, muscles and neural structures proximal 
and distal to the injured area, seeking predisposing factors 
(e.g. limited dorsiflexion of the ankle, tight gastrocnemius
soleus complex, lumbar facet joint dysfunction). A useful 
tip is to examine all the areas that may possibly contribute 
to the injury before honing in on the site of pain. 

Attempt to reproduce the patient's 
symptoms 
It is helpful to reproduce the patient's symptoms if 
possible. This can be achieved both by active and/or 
passive movements and by palpation either locally or, in 
the case of referred pain, at the site of referral. It may 
require you to send the patient for a run or some other 
test of function prior to examination (see below). 

Assess local tissues 
Assess the joints, muscles and neural structures at the site 
of pain for tenderness, tissue feel and range of motion. 

Assess for referred pain 
Assess the joints, muscles and neural structures that may 
refer to the site of pain (Chapter 4). 

Assess neural mechanosensitivity 
Neural mechanosensitivity (Chapters 5 and 6) should 
be assessed using one or more of the neurodynamic tests 
(see below). 

214 

Examine the spine 
Many injuries have a spinal component to the pain or 
dysfunction. Abnormal neural mechanosensitivity suggests 
a possible spinal component. In lower limb injuries, 
examine the lumbar spine and the thoracolumbar junction. 
In upper limb injuries, examine the cervical and upper 
thoracic spines. Examine for hypomobility of isolated spinal 
segments as this may contribute to distant symptoms. See 
the routine for spinal examination later in this chapter. 

Biomechanical examination 
As biomechanical abnormalities are one of the major 
causes of overuse injuries, it is essential to include 
this examination in the assessment of overuse injuries 
(Chapters 8 and 9). The biomechanical examination of the 
lower limb is illustrated in Chapter 8. The mechanics of 
the lower limb may be relevant to an upper limb injury 
(e.g. weak hip stabilisers resulting in overload of the elbow 
in sports involving repetitive throwing). 

Functional testing 
If a particular manoeuvre reproduces the patient's pain, then 
have the patient perform that manoeuvre in an attempt to 
understand why the pain has occurred. This can sometimes 
be done in the office (e.g. a deep squat) or it may be necessary 
to watch the athlete perform the activity at a training venue 
(e.g. a long jumper taking off or a gymnast performing a 
backward walkover). Video analysis may be helpful. 

The examination routine 
Inspection 
It is important to observe the individual walking into the 
office or walking off the field of play as well as inspecting the 
injured area. Note any evidence of deformity, asymmetry, 
bruising, swelling, skin changes and muscle wasting. There 
may, however, be a degree of asymmetry due to one side 
being dominant, such as the racquet arm in a tennis player. 

Range of motion testing (active) 
Ask the athlete to perform active range of motion exercises 
without assistance. Look carefully for restriction of range 
of motion, the onset of pain at a particular point in the 
range, and the presence of abnormal patterns of movement. 
In many conditions, such as shoulder impingement or 
patellofemoral pain, the pattern of movement is critical to 
making a correct diagnosis. 

If a patient's pain is not elicited on normal plane 
movement testing, examine 'combined movements' 
(i.e. movements in two or more planes). By combining 
movements and evaluating symptom response, additional 
information is gained to help predict the site of the lesion. 
Other movements, such as repeated, quick or sustained 
movements, may be required to elicit the patient's pain. 



Range of motion testing (passive) 
Passive range of motion testing is used to elicit joint and 
muscle stiffness. Injury may be the cause of joint stiffness. 
Alternatively, stiffness may already have been present and 
predispose to injury by placing excessive stress on other 
structures (e.g. a stiff ankle joint can predispose to Achilles 
tendinopathy). Range of motion testing should include all 
directions of movement appropriate to a particular joint, 
and should be compared both with normal range and the 
unaffected side. Overpressure may be used at the end of 
range to elicit the patient's symptoms. 

Palpation 
Palpation is a vital component of examination and precise 
knowledge of anatomy, especially surface anatomy, optimises 
its value. At times it is essential to determine the exact site 
of maximal tenderness (e.g. in differentiating between bony 
tenderness and ligament attachment tenderness after a 
sprained ankle). When palpating soft tissues, properties of 
the soft tissue that need to be assessed include: 

• resistance 
• muscle spasm 
• tenderness. 

Palpate carefully and try to visualise the structures 
being palpated. Commence with the skin, feeling for any 
changes in temperature or amount of sweating, infection 
or increased sympathetic activity. When palpating 
muscle, assess tone, focal areas of thickening or trigger 
points, muscle length and imbalance. 

It is important not only to palpate the precise area of 
pain (e.g. the supraspinatus tendon attachment), but also 
the regions proximal and distal to the painful area, such 
as the muscle belly of the trapezius muscle. Determine 
whether tenderness is focal or diffuse. This may help 
differentiate between, for example, a stress fracture (focal 
tenderness) and periostitis (diffuse tenderness). 

To palpate joints correctly, it is important to 
understand the two different types of movement present 
at a joint. Physiological movements are movements that 
patients can perform themselves. However, in order to 
achieve a full range of physiological movement, accessory 
movements are required. Accessory movements are the 
involuntary, interarticular movements, including glides, 
rotations and tilts that occur in both spinal and peripheral 
joints during normal physiological movements. Loss of 
these normal accessory movements may cause pain, 
altered range or abnormal quality of physiological joint 
movement. Palpation of the spinal and peripheral joints 
is based on these principles. An example of palpation of 
accessory movements involves posteroanterior pressure 
over the spinous process of the vertebra, producing a glide 
between that vertebra and the ones above and below. 

Ligament testing 
Ligaments are examined for laxity and pain. Specific 
tests have been devised for all the major ligaments of 
the body. These involve moving the joint to stress a 
particular ligament. This may cause pain or reveal laxity 
in the joint. Laxity is graded into+ 1 (mild), +2 (moderate) 
and + 3 (severe). Pain on stressing the ligament is also 
significant and may indicate, in the absence of laxity, 
a mild injury or grade I ligament sprain. A number of 
different tests may assess a single ligament; for example, 
the anterior drawer, Lachman's and pivot shift tests all 
test ACL laxity. 

Strength testing 
Muscles or groups of muscles should be tested for 
strength and compared with the unaffected side. Muscle 
weakness may occur as a result of an injury (e.g. secondary 
to a chronic joint effusion) or may be a predisposing factor 
towards injury. Muscle strength can be assessed manually 
or with the use of a hand-held dynamometer. 

Testing neural mechanosensitivity 
Advances in the understanding of neural 
mechanosensitivity have improved our awareness of 
why pain occurs in chronic overuse injuries and pain 
syndromes. Changes in neural mechanosensitivity are an 
important component of these disorders; see Chapter 4 
(overuse) and Chapters 5 and 6 (pain). 

Just as restrictions of the normal mechanics of joints and 
muscles may contribute to symptoms, restriction of the 
normal mechanics of the nervous system may also produce 
pain. Certain movements require considerable variations in 
nerve length. Neurodynamic testing (formerly known as 
'neural tension tests') examines restriction of these normal 
mechanics and their effect on the patient's symptoms. 
Treatment aims to restore normal nerve mechanics. 

Neurodynamic tests use movement to systematically 
increase neural mechanosensitivity. The tests may provoke 
the presenting symptoms or, alternatively, other symptoms 
such as pins and needles or numbness. The amount of 
resistance encountered during the test is also significant, 
especially when compared with the uninjured side. The 
assessment of symptom production and resistance may 
be affected by each step in the neurodynamic test (see 
Figs 15.2 to 15.5). This may give an indication of the 
location of the abnormality. 

The main neurodynamic tests are: 

• straight-leg raise (SLR) (Fig. 15.2a and b) 
• slump test (Fig. 15.3a-e) 
• neural Thomas test (Fig. 15.4a and b) 
• upper limb neurodynamic test (Fig. 15.5a-e). 
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(a) 

(b) 

Figure 15.2 Straight leg raise (a) Patient lies supine. The 

examiner places one hand under the Achilles tendon and 

the other above the knee. The leg is lifted perpendicular to 

the bed with the hand above the knee, preventing any knee 

flexion (b) Dorsiflexion of the ankle is added. Eversion and toe 

extension may sensitise this test further. Other variations can 

be added (Table 15.1) 
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(a) 

(b) 

Figure 15.3 Slump test (a) Patient slumps forward and 

overpressure is applied. The sacrum should remain vertical 

(b) Patient is asked to put chin on chest and overpressure 

is applied 



(c) 

(d) 

(e) 

Figure 15.3 (cont.) (c) Patient actively extends one knee 

(d) Patient actively dorsiflexes the ankle and overpressure 

may be applied (e) Neck flexion is slowly released. Steps 

(d), (e) and (f) are repeated with the other knee. Other 

variations can be added (Table 15.1) 

(a) 

Figure 15.4 Neural Thomas test (a) Patient lies supine over 

the end of the couch in the Thomas position 
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(b) 

Figure 15.4 (cont.) (b) Patient's neck is passively flexed (b) 
by the examiner, then the examiner passively flexes the 

patient's (right) knee with his leg 

(a) (c) 

Figure 15.5 Upper limb neurodynamic test (a) Patient lies supine close to the edge of the couch. Neck is laterally flexed away 

from the side to be tested (b) The shoulder is depressed by the examiner's hand (left) and the arm abducted to approximately 

110° and externally rotated (c) The forearm is supinated and the wrist and fingers extended 
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(d) (e) 

Figure 15.5 (cont.) (d) The elbow is extended to the point of onset of symptoms (e) The neck position returns to neutral and is 

then laterally flexed towards the side of the test. Any change in symptoms is noted. Other variations can be added (Table 15.1) 

A summary of the tests, the methods, user guidance, 
normal responses and variations of each test is shown in 
Table 15.1. 

A neurodynamic test can be considered positive if: 

• it reproduces the patient's symptoms 
• the test response can be altered by movements of different 

body parts that alter the neural mechanosensitivity 
• differences in the test occur from side to side and from 

what is considered normal. 

Neurodynamic tests are non-specific but form an 
extremely useful part of the examination. Abnormalities 
of neural mechanosensitivity should lead the clinician 
to examine possible sites of abnormality, especially the 
spine. The techniques used in neurodynamic tests can 
also be used as a treatment procedure. This is discussed 
in Chapter 17. 

Spinal examination 
Clinical experience suggests that spinal abnormality 
(e.g. hypomobility) can present in various ways. The 

presentation may be as pain or injury, and this may occur 
either locally (at the spine) or distantly. Examples for both 
upper limb and lower limb spinal abnormalities are given 
in Table 15.2. The pathophysiology underlying these 
concepts has been discussed in Chapters 5 and 6. 

In patients presenting with upper limb pain, examine 
the cervical and upper thoracic spines. Examine the 
lumbar spine (including the thoracolumbar junction) in 
any patient presenting with lower limb pain. An abnormal 
neurodynamic test strongly indicates a spinal component 
to the pain. However, a negative neurodynamic test does 
not rule out the possibility of a spinal component. 

Begin examining the relevant area of the spine by 
assessing range of movement with the patient standing. 
The patient should then lie prone on a firm examination 
table so the examiner can palpate the vertebrae 
centrally over the spinous processes and laterally over 
the apophyseal joints to detect any hypomobility and/ 
or tenderness. Hypomobility or tenderness at a level 
appropriate to that of the patient's symptoms indicate the 
site is a possible source of referred pain (Chapters 5 and 6). 

219 



Table 15.1 Neurodynamic tests 

Straight leg raise 

(Fig. 15.2) 

Patient lies supine 

Leg extended 

Clinician lifts leg 

Leg pain 

Back pain 

Headache 

Tightness and/or pain Ankle dorsiflexion 

in posterior knee, thigh Ankle plantarflexion/ 

and calf inversion 

Hip adduction 

Hip medial rotation 

Passive neck flexion 

Slump test (Fig. 15.3) Patient sitting 

Slumps 

Back pain 

Buttock pain 

Leg pain 

Upper thoracic pain 

Posterior knee pain 

Hamstring pain 

Leg abduction (obturator 

nerve) 

Neural Thomas test 

(Fig. 15.4) 

Upper limb 

neurodynamics test 

(Fig. 15.5) 

Neck flexion 

Knee extension 

Ankle dorsiflexion 

Release neck flexion 

Patient lies supine 

Hip extension 

Neck flexion 

Knee flexion 

Patient supine towards side 

of couch 

Cervical contralateral 

flexion 

Shoulder girdle depression 

Shoulder abducted to 110° 

and externally rotated 

Forearm supination 

Wrist/fingers extended 

Elbow extended 

Hip adduction 

Hip medial rotation 

Ankle and foot alterations 

Groin pain 

Anterior thigh pain 

Quadriceps pain and/or Hip abduction/adduction 

tightness Hip medial/lateral rotation 

Arm pain Ache in cubital fossa 

Neck/upper thoracic Tingling in thumb and 

pain 

Headache 

fingers 

Forearm pronation 

Wrist deviation 

Shoulder flexion/extension 

Add straight leg raise 

Table 15.2 Examples of how spinal abnormality can manifest locally or distantly, with either pain or injury in the upper 

limb and lower limb 

·• - -i ■ flf';U •Ill 

- -
Pain 

Injury 

Pain 

Injury 
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, ... ••Ue)II 

Hypomobility of C5-C6 joint presenting as 

neck pain 

Hypomobility of L5-S 1 joint presenting as 

lumbosacral pain 

It ••Ue)II 

Hypomobility of C5-C6 joint presents as 

elbow pain 

Hypomobility of C5-C6 joint predisposing to 

lateral elbow tendinopathy in a tennis player 

Hypomobility of L5-S 1 joint presents as 

buttock and hamstring pain 

Hypomobility of L5-S 1 joint predisposing to 

a hamstring tear in a sprinter 
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After detecting spinal abnormality on examination, 
perform a trial treatment (Chapter 17) and then reassess 
the patient's symptoms and signs. If there is a change in 
the pain and/or range of movement, then this strongly 
suggests that the spine is contributing to the symptoms. 

Occasionally, palpation of a particular site in the spine 
will actually reproduce the patient's symptoms distant 
from the spine. It is important to understand, however, 
that even if the symptoms are not produced by palpation 
of the spine, this does not rule out the possibility of a 
spinal component. 

Biomechanical examination 
The role of abnormal biomechanics in the production 
of injuries, especially overuse injuries, is discussed in 
Chapters 8 and 9. Because abnormal biomechanics can 
contribute to any overuse injury, all clinicians need to 
perform a biomechanical examination. As with other 
components of the examination, it is important to 
develop a routine for the assessment of biomechanical 
abnormalities. A routine for the assessment of lower limb 
biomechanics is illustrated in Chapter 8. 

Technique 
Faulty technique is another common cause of injury. 
Technique faults associated with particular injuries are 
discussed in Chapter 9. While the clinician cannot be aware 
of all techniques in various sports, he or she should be able to 
identify the common technique faults in popular activities 
(e.g. pelvic instability while running or faulty backhand 
drive in tennis). Clinicians should seek biomechanical advice 
and assistance with assessment from the athlete's coach 
or a colleague with expertise in the particular area. Video 
analysis with slow motion or freeze frame may be helpful. 

Equipment 
Inappropriate equipment predisposes to injury (Chapter 12). 
Inspect the athlete's equipment, such as running shoes, 
football boots, tennis racquet, bicycle or helmet. 

Differential diagnosis 
At the conclusion of the examination, consider the 
differential diagnosis and possible predisposing factors. 
If the clinician is certain of the diagnosis and of the 
predisposing factors, then counselling and treatment can 
begin. However, in many cases, further information may 
be required and the clinician must decide what, if any, 
investigations may be needed. 

DIAGNOSTIC IMAGING 
This section introduces imaging- which has provided 
dramatic advances for sports medicine, and is widely used 

in clinical medicine. As well as providing remarkable 
insight to sports medicine pathologies, superior imaging 
capability has brought with it new challenges for 
clinicians: 'Yes, that bright signal is abnormal most of 
the time but what does that mean in this patient?'. But 
before we tackle that difficult question, we begin with 
what we know to be true- the five habits of highly 
effective clinicians, with respect to imaging. Every 
top sports clinician is highly skilled at interpreting 
sports imaging and he or she works closely with top 
musculoskeletal radiologists to perform at the level 
that champions expect, and every patient who sees a 
specialist deserves.6 

The five imaging-related habits of 
highly effective sports medicine 
clinicians 
In certain clinical settings, appropriate investigations can 
confirm or exclude a diagnosis suggested by the history 
and physical examination. A conventional radiograph 
can confirm that a cyclist has fractured her clavicle. 
Computed tomography (CT) with multiplanar reformat 
and three-dimensional volumetric rendering can provide 
the precise configuration of that fracture. MRI can rule 
out a stress fracture in a dancer's foot if there is no sign of 
any abnormal signal. 

PRACTICE PEARL 

In many clinical contexts imaging does not identify 

a single structure that is the source of pain. Imaging 

the patient with back pain is the historica l example 

used to illustrate that point but there are many more 

examples. 

As an example, MRI of a professional baseball player's 
painful shoulder or elbow illustrates the point clearly.7·9 

Most baseball players have structural changes visible 
on MRI of their shoulder and elbow (e.g. thickening of 
their ulnar collateral ligament); one needs to consider if 
this appearance is 'normal' for that player or not. Other 
very prominent regions where structural changes are 
often evident on MRI but which may or may not be 
symptomatic include the tennis player's elbow, the 
football player's ankle, the fast bowler's back in cricket. 
The take-home message is that imaging alone cannot 
substitute for careful history taking and a comprehensive 
examination (Chapter 14). Because diagnosis is complex, 
the leading clinicians in our field have embraced the 
following behaviours. 
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1. Understand imaging results 
The spore and exercise medicine physician must be able 
to interpret investigation results him or herself. Learn 
imaging anatomy of the musculoskeletal system- it is 
only a fraction of what radiologists have to know. 10 It is 
unwise to rely blindly on imaging reports. A competent 
spores clinician knows that about 25% of asymptomatic 
elite jumping athletes have ultrasound appearances of 
structural change in their patellar tendons (hypoechoic 
regions, Fig. 15.6a and b). 11· 12 This is critical knowledge as 
the patient may have no pain there; in fact, the extremity 
may have been scanned as the asymptomatic contralateral 
knee for comparison with the symptomatic side. Without 
requisite clinical awareness, the clinician could let the 
test guide him or her to a potentially 'false positive' 
result (depending on the criteria for 'positive', see below). 
Management must be guided by clinical assessment, not 
by imaging appearance. 

• Timing of imaging tests. Imaging may be performed 
too early to detect a pathology. That radiography can 

(a) 

(b) 

Figure 15.6 Variations from 'normal' imaging are common 
among athletes who place great loads on tissue. (a) Grey
scale and (b) Doppler ultrasound appearances of the patellar 
tendon in a volleyball player, demonstrating hypoechoic 
regions (arrows in a) and hyperaemia (arrows in b). Clinical 
reasoning needs to consider the high prevalence of these 
findings in asymptomatic players12 
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be performed too early to detect a stress fracture is 
widely known and therefore a 'negative' result does 
not exclude this diagnosis (high or moderate negative 
likelihood ratio, so not good for ruling out that 
pathology). 

• A 'true' finding may be age-related. For example, triangular 
fibrocarcilage tears of the wrist seen on MRI can be a 
normal finding, even in a non-athlete, for patients over 
SO years of age. Clinical correlation with the patient's 
symptoms and the physical examination is crucial. 

• The wrong test can give false positive or false negative 
information. For example, a routine MRI of the shoulder 
in a 26-year-old baseball pitcher will miss most labral 
tears; an MR arthrogram is needed to make the 
diagnosis. Radiologists are not only 'image interpreters', 
they are also consultants who can advise on the 
choice of imaging tests to best demonstrate pathology. 
Indeed, the most accurate imaging test for a given 
musculoskeletal pathology may not necessarily be the 
most sophisticated or complicated test. 

• Be able to judge the adequacy of the quality of obtained 
images for diagnostic purposes. Be alert so as not to draw 
conclusions from imaging tests that may be incomplete 
or are limited by image degradations. Also, one needs to 
understand that each imaging test may be specifically 
obtained to evaluate for one type of pathology but 
not others. For example, two-view radiographs of the 
shoulder in internal and external rotation to evaluate 
for calcific tendinopathy should not be used to exclude 
glenohumeral dislocation. 

• Intravenous contrast is usually reserved for CT or MRI 
cases in which the diagnosis of neoplasm or tumour is 
being considered. It is very important to indicate as such 
on the requisition if these need to be ruled out. 

• It is important to minimise ionising radiation, especially 
in children and adults aged under 30 years. The dose is 
especially significant in nuclear medicine bone scans, 
positron emission tomography (PET) scans and CT 
scans. If any of these tests are truly indicated, the 
principle of ALARA (as low as reasonably achievable) 
with respect to dose should be respected by the 
imaging department. Note that there is no ionising 
radiation in MRI, and the dose is negligible in routine 
conventional radiographs. 

Why do we share these detailed examples about 
clinicians needing to understand tests? Because the days 
of thinking that 'imaging reveals X, therefore treatment 
is Y' are essentially over. Imaging fits into the treatment 
algorithm and helps update the clinician's thinking of the 
likelihood of a diagnosis (See Likelihood ratios, Chapter 
14). The clinician must understand imaging because it is a 
tool, not a solution, and far from a panacea. 



2. Only order imaging that will influence 
management 
It is inappropriate to perform imaging to confirm an already 
obvious diagnosis, or a diagnosis for which the investigation 
result will not influence management. Most concussions 
are diagnosed clinically and do not need brain CT or 
MRI. Most cases of back pain in sport are not helped by 
adding low back imaging (radiography, CT or MRI). If an 
ankle sprain does not appear to have caused a fracture (and 
there are clinical guidelines to help with the assessment), 
initial management does not include any imaging. Players/ 
athletes can put clinicians under pressure to order tests; 
in theory this should always be resisted. In real life, it can 
be difficult to resist such pressure in the professional sport 
setting so we will not pretend that ideal management is 
always followed. But understanding the usefulness of tests 
and test metrics (Chapter 14) as well as normal patterns of 
imaging in sport (principle 1, above), allows the clinician 
to have a valuable conversation with the patient/athlete, 
and the patient to make an informed decision (see also 
Figure 2.1 in Chapter 2). 

3. Explain the imaging to the patient 
Give the patient an understanding of the rationale behind 
each imaging test. An athlete who complains of persistent 
ankle pain and swelling several months after an ankle 
sprain may need a radiograph and MRI. If the patient is 
merely told that radiography is necessary to exclude bony 
damage, he or she might become confused when told that 
the radiograph is normal, but that further investigations 
are required to exclude bony or osteochondral damage. 
Also, be sure to alert patients undergoing a procedure 
that involves contrast (e.g. MR arthrogram) that there 
will be an injection. It is helpful to provide the patient 
with resources (either as printed material or as weblinks 
to videos) explaining the investigation. Follow-up plans 
should be made explicit in the clinical consultation. 

4. Provide relevant clinical findings on 
the requisition 
Accurate and complete clinical information on requisition 
forms helps to avoid imaging and reporting errors. When 
particular radiographic views are required, they should be 
specified. If you cannot remember the names of certain views, 
write that down on the request forms- the radiographer will 
generally know them and, if not, the radiologist will. If there 
is uncertainty, it is always helpful to call the radiologist 
in advance to discuss the best way to image a patient. Do 
not assume that radiographers are familiar with the specific 
views required for sports-related musculoskeletal conditions 
(e.g. correct anteroposterior [AP]. 'frog' and Dunn views 
for hip femoroacetabular impingement [FA!], skyline views 
for patellofemoral joint evaluation, the Bemageau view 

for shoulder instability). Remember that weight-bearing 
views are important to assess suspected osteoarthritis at the 
hip, knee and ankle. 'Functional' views (with the patient 
placing the joint in the position of pain) are useful for anterior 
and posterior impingement of the ankle (Chapter 42). 

5. Develop a close working relationship with 
investigators 
Optimising communication between colleagues improves 
the quality of the service.6 Discuss optimal imaging 
sequences with radiographers, and view the images 
together with radiologists providing clinical input. 
Regular clinical-radiological rounds or case presentations 
should be encouraged. Digital imaging and telemedicine 
has made this much easier. 

SPECIFIC IMAGING MODALITIES 
In this overview of imaging modalities commonly used in 
sports medicine, our goal is to highlight some key principles 
that junior clinicians have told us they would have liked to 
have known earlier in their careers. Read this together with 
other resources such as the comprehensive, authoritative 
and beautifully illustrated text in this field: Imaging in 

Sports-Specific Musculoskeletal Injuries (Fig. 15.7). 10 

Figure 15.7 A great resource for specialists who work in 

sports medicine. 
REPRODUCED WITH PERMISSION FROM GUERMAZI A, ROEMER F, CREMA M. 
IMAGING IN SPORTS-SPECIFIC MUSCULOSKELETAL INJURIES. SPRINGER. 2015. 
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Figure 15.8 Plain radiograph showing an osteochondral 

fracture of the lateral talar dome COURTESY OF IF ANDERSON 

Conventional radiography 
Even as we approach 2020, radiography still provides 
diagnostic information about bony abnormalities, such 
as fractures, dislocations, dysplasia and calcification 
(Fig. 15.8), and is highly cost-effective. Correctly 
positioning the patient is vital for obtaining radiographic 
images that are meaningfully interpretable. A minimum 
of two orthogonal views is required to evaluate any bone 
adequately. Complex joints such as the ankle, wrist or 
elbow may require additional or specialised views. Weight
bearing or 'stress' views may give further information for 
weight-bearing structures and joints. 

MRI: massive blessing for active patients 
The 2003 Nobel Prize was awarded to the inventors of 
MRI. This imaging method has revolutionised sports 
medicine by providing clinicians with remarkably 
detailed information about structure, especially 
soft tissues, and helpful information about dynamic 
pathophysiology. Because of MRI's unparalleled contrast 
resolution, commonly injured musculoskeletal tissues 
such as the menisci in the knee, the labrum in the 
shoulder and hip, spinal discs and joint surfaces can be 
visualised non-invasively and without ionising radiation. 
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MRI allows clinicians to appreciate fairly dynamic 
processes such as bone and cartilage turnover, changes 
in tendon structure even in the absence of rupture, and 
recovery of ligament after acute sprain. 

The physics that underpins MRI is well beyond the 
scope of this book. At a most superficial level, MRI can be 
understood to rely on the biology that free water protons 
exist within a tissue sample. Those protons align with 
the external magnetic field of the magnet. When a series 
of radiofrequency (RF) pulses are applied to the tissue 
sample in the magnet, protons change their alignment 
relative to the external magnetic field and release energy 
which creates the MR image. 

Unparalleled sensitivity to detect deviation in 
structure from anatomical norms does not, however, 
equal unparalleled accuracy in diagnosis for the patient 
(Chapter 14). Erroneous interpretation of an MRI can have 
serious clinical consequences. For example, if a 50-year
old person's knee MRI is misinterpreted, a patient who 
in reality has patellofemoral pain may be inappropriately 
slated for arthroscopic meniscal surgery (Fig. 15 .9). 

Figure 15.9 Incidental MRI-detected meniscal pathology 

occur in 19% of women aged 50-59 years13• The figure 

shows a horizontal cleavage tear of the posterior horn of 

the medial meniscus (arrow). Whether or not this MRI

detected lesion is clinically relevant in a patient presenting 

with knee pain depends on the entire clinical picture, 

including detailed history and physical examination 

findings. The take-home message is that a clinician cannot, 

and should not, make a diagnosis and decide how to treat 

the patient solely based on MRI findings 



What does this MRI tell me? Tips for clinicians 

The four most common sequences a clinician will see are outlined below and shown in Figure 15.10. 

Figure 15.10 The legend for the arrows/arrowheads to structures in the four MRI 

sequences is as follows: fat= yellow; tendon and ligament= off-white; water= blue; 

menisci= green 

1. T1-weighted provides 

sharp anatomical detail, 

shows bone marrow 

and is good for meniscal 

pathology. It lacks the 

sensitivity to detect soft 

tissue injury (Fig. 15.1 Oa). 

MRI signal key: fat= bright; 

muscle= intermediate; 

water, tendons and 

fibrocartilage all dark. 

2. Proton density-weighted 

is good for imaging 

menisci and ligaments 

(Fig. 15.1 Ob). MRI 

signal key: fat = bright 

or intermediate signal , 

calcium, tendons and 

fibrocartilage, all dark; 

water= intermediate. 

3. T2-weighted is highly 

sensitive for most soft tissue 

injury, especially tendons. 

Abnormal tendons have 

high signal intensity (bright) 

which contrasts with normal 

tendons black (arrowhead) 

(Fig. 15.1 Oc). MRI signal 

key: water= bright; 

fat= intermediate muscle, 

hyaline and fibrocartilage 

all dark. 

4 . STIR highlights excess 

water (blue arrow and blue 

arrowheads) which can 

occur due to bone stress 

and bone marrow oedema 

(shown), joint fluid and soft 

tissue pathology. This is 

the sequence of choice 

for bone stress injuries or 

subtle, radiographically 

occult fractures 

(Fig. 15.1 Od). MRI signal 

key: water= very bright; fat, 

muscle, menisci all dark. 
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The price of additional medical data is that the clinician 
who cares for the patient needs to determine how 
heavily to weigh the imaging information. Specifically, 
the clinician must arrive at a post-test probability of a 
diagnosis based on how much the MRI result (positive or 
negative) changes the pre-test probability of the diagnosis. 
(See Fagan's nomogram, Chapter 14.) 

Specific features and patient benefits of MRI 
MRI is now a routine part of the medical landscape the 
world over, although access to MRI for sports medicine 
imaging is limited in some regions. The tide is heading 
powerfully in one direction towards greater and greater 
utilisation of MRI in sports medicine. Paradoxically, 
in developed countries that have private medicine 
(radiology), too much imaging and overdiagnosis, 
associated with overtreatment (particularly arthroscopic 
surgery) has a deleterious effect on health. So the challenge 
for both policy makers and skilled clinicians is to choose 
imaging wisely. Towards that aim, we first review the 
features of MRI as a tool for clinicians working in sport 
and promoting physical activity. 

MRI has the following features which translate into 
patient and clinician benefits. 

• MRI is non-invasive, so it has dramatically reduced the 
need for diagnostic arthroscopy. 

• It can provide images in multiple planes. Need a 
sagittal view of the knee to image the patellar tendon? 
Sure! How about a coronal to assess joint surfaces and 
menisci? No problem! 

• MRI does not involve ionising radiation. This is 
particularly important in the age group often treated 
by clinicians in sports medicine: adolescents, as well as 
for professional athletes who may have many clinical 
encounters and thus need many scans. 

• MRI has superb contrast resolution for soft tissues, 
allowing accurate assessment of most ligaments, tendons 
and hyaline and fibrocartilage. Note that although bones 
are also well-assessed, if the clinical concern is one of 
primarily bony pathology (e.g. lumbar spondylolysis), CT 
may be more appropriate, bearing in mind radiation dose. 

• It is ideal to assess patients who have had soft tissue 
trauma (e.g. contact injuries) and it complements the 
use of CT in high-velocity injuries. 

• MRI has an emerging role in helping clinicians evaluate 
overuse injuries. Anatomy in patients in the sports 
medicine setting is markedly affected by microtrauma/ 
adaptation to load and this is increasingly being well 
characterised. In the late 1980s, journals commonly 
carried treatment recommendations from 'experts' 
based on false premises of what was 'normal' in athletes.14 

The problem was that 'normal' for an elite athlete had 
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not been well documented. The subspecialty of sports 
radiology and greater experience of musculoskeletal 
radiologists with sport is addressing that challenge.6 

As with all research, knowledge translation remains a 
challenge; getting the key messages to the community 
of clinicians who will apply it. 

Difference added by MRI sequences 
Spin echo (SE), gradient echo (GRE) and inversion recovery 
(IR) sequences are the basic categories of sequences used 
in musculoskeletal imaging.3 TI-weighted, T2-weighted, 
proton density-weighted and short tau inversion recovery 
(STIR) sequences are often utilised (Figure 15.10). Fat
suppressed fast spin echo sequences are used in almost 
every musculoskeletal protocol to demonstrate bone 
marrow oedema, focal cartilage defects and tendon/ 
ligament pathology with the highest conspicuity. 

Other clinical points about MRI 
The clinical workhorse for sports MRI is the 1.5 T (Tesla) 
MRI platform. For almost all clinical indications, MRI at 
this field strength is generally sufficient. The 3 T magnets, 
which are more expensive to purchase, offer higher 
spatial resolution, and therefore may offer advantages in 
evaluating small structures, such as tendon pulley injuries 
in rock climbers (although there are currently no trials 
to support this). Advanced applications in 3 T may prove 
useful in the future in dedicated cartilage imaging. 

The contrast agent for MRI is gadolinium, which has an 
excellent safety profile, even more so than the safe iodinated 
contrast agents used in CT. It is used intravenously for 
musculoskeletal imaging in cases in which tumour or 
neoplasm are being considered, and in an intra-articular 
fashion to optimally evaluate hyaline cartilage, such as 
shoulder and hip labra. 

A less common architecture for MRI is so-called 'open' 
units, which do offer advantages in allowing patients with 
claustrophobia to be scanned; this occurs at the expense 
of image quality. The weight-bearing and kinematic 
options that these units provide are still investigational in 
nature (Fig. 15.11). 

Physiologic (also called compositional) imaging of 
cartilage can be performed at 1.5 T and 3 T, but not 
accurately at lower field strengths. Special sequences can 
assess for loss of cartilage proteoglycan content (TI-rho 
mapping and dGEMRIC) and for collagen degradation 
(T2 mapping). These techniques hold great promise in 
biochemical, pre-morphologic chondral assessment in 
early osteoarthritis, and for follow-up of interventions (e.g. 
chondral surgery and, one day, biologies that can block 
the progression of osteoarthritis). However, currently 
their clinical role is undefined. 



Figure 15.11 The 'open' MRI instrument allows the patient 

to be weight-bearing. In this figure the model is wearing a 

knee coil 
IMAGE COURTESY OF CENTRE FOR HIP HEALTH AND MOBILITY, 

UNIVERSITY OF BRITISH COLUMBIA HTTP://WWW.HIPHEALTH.CA/ 

There are a few strict contraindications to MRI (e.g. 
certain brain aneurysm clips, neurostimulators and cardiac 
pacemakers) but, contrary to popular medical opinion, 
patients with metallic orthopaedic hardware and metallic 
surgical clips outside the brain, in place for more than 
6 weeks, can be safely scanned. 

MRI can be overly sensitive to abnormal tissue signals 
and, thus, provide false positive results. In asymptomatic 
athletes in numerous studies, MRI revealed structural 
appearances consistent with significant injury but the 
athletes were asymptomatic and high functioning.12• 13 

This emphasises the need for the appropriate selection 
of patients for investigation and careful clinical-imaging 
correlation. 1 As with any medical investigation, diagnostic 
errors can occur; ideally, images should be read by an 
experienced musculoskeletal MRI radiologist. 

Ultrasound scan (for diagnosis) 
High-resolution ultrasound scanning (Fig. 15.12) with 
10- 12 MHz probes is a painless method of imaging tendons, 
muscles and other soft tissues without exposing the patient 
to any radiation. 15 It allows clinical correlation- imaging 
with the patient reproducing his or her pain and providing 
feedback to the radiologist. Adding to its diagnostic 
utility, both sides can be readily imaged for comparison. 
Other advantages include its dynamic nature (the patient 
can move the part and/ or reproduce pain during the 
examination), short examination time and ability to guide 
therapeutic aspiration or injection under real time. 

Ultrasound is the imaging instrument of choice 'in 
clinic'.16· 17 As it is an excellent way to visualise tendon 
and muscle, it can be the workhorse in a sports clinician's 
office where patients present with injuries of these tissues. 

Figure 15.12 High-resolution ultrasound scanning with 

10-12 megahertz (MHz) probes is a painless method of 

imaging tendons, muscles and other soft tissues without 

exposing the patient to any radiation 

Units are priced to be affordable in the clinic because the 
unit cost, installation and service are of the order of 100 
times cheaper than MRI. 

PRACTICE PEARL 

Ultrasound has been referred to as the sports 

physician's stethoscope and the analogy applies 

to the portability of ultrasound-small units can be 

used on the sideline.18 Laptop-sized portable units 

have a different level of image quality to the larger 

units that are designed to stay in the clinic. 

Clinicians in sport might consider ultrasound 
equipment as having three different levels. 

1. The most expensive, best quality equipment would be 
located at a specialist radiology clinic. The radiologist 
and his/her team with the full battery of complementary 
imaging modalities provides the tertiary resource as 
well as continuing professional education (formal and 
informal) and research partnerships as appropriate. 

2. Leading specialised clinical practices often choose to 
have quality ultrasound imaging capacity at the clinic 
to assist with speed of diagnosis, for injections with 
ultrasound imaging and because having ultrasound skills 
advances those clinicians understanding of anatomy. 

3. Portable sideline equipment (laptop scanner shown in 
Fig. 15.13) still provides quality images but the users 
appreciate the limitation compared with that outlined 
in point 1. 

Disadvantages of ultrasound include the less graphic 
images, the fact that it is more operator-dependent with 
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Figure 15.13 Portable sideline ultrasound unit 
REPRODUCED WITH PERMISSION OF GE HEALTHCARE 

respect to image quality than any other modality, and 
the fact that it cannot penetrate tissues to show deeper 
structures, such as shoulder/hip labra or anterior cruciate 
ligaments/menisci. The most commonly examined areas 
are large tendons, (e.g. the Achilles, patellar and rotator 
cuff tendons) and the muscles of the thigh and calf. 
Ultrasound can also demonstrate muscle tear, haematoma 
formation or early calcification, and may be useful in 
localising foreign bodies. 

Ultrasound scanning is able to distinguish complete 
tendon rupture from other tendon abnormalities (e.g. 
tendinopathy). As with MRI, ultrasound imaging of elite 
athletes reveals morphological 'abnormalities' that are 
not symptomatic and do not appear to predict imminent 
tendon pain. 

Real-time ultrasound examination during active 
movement (dynamic ultrasound) is particularly helpful in the 
evaluation of shoulder impingement. The use of ultrasound 
to help guide injection is discussed in Chapter 17. 

The role of colour Doppler 
Colour Doppler ultrasound gained popularity in sports 
medicine for the assessment of tendons in the early 2000s, 
as it was hoped that abnormal tendon flow detected using 
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Figure 15.14 Sagittal colour Doppler ultrasound scan 

showing abnormal blood flow (arrow) at the mid- and deep 

surface of the patellar tendon near the patellar attachment 

the colour Doppler feature would provide a better guide 
as to whether or not tendons were painful (Fig. 15.14). 
Longitudinal studies failed to show that colour Doppler 
ultrasound findings of vascularity predicted changes in 
symptoms.19 Also, exercise affects the level of vascularity, 
which adds a challenge to the clinical utility of this 
method. This modality is proving useful in certain areas of 
medicine but has dropped off the 'hot topics' list in sports 
medicine. To return to a theme from early in this chapter, 
there appears to be no substitute for careful clinical 
examination and patient monitoring to track patients' 
current progress and to predict outcomes. 

The role of ultrasound tissue characterisation 
In the 2010s, a novel ultrasound modality, called ultrasound 
tissue characterisation (UTC), was introduced to evaluate 
human tendons (Fig. 15.15).20 The innovation aims to 
provide a three-dimensional image of the tendon where 
structure is quantified (in contrast to conventional greyscale 
ultrasound which provides no numerical data). Data are 
obtained from the stability of pixel attributes (brightness) 
over a set scan length to a maximum of 25 scan slices 
at present. UTC has high reproducibility with excellent 
intra-observer and interobserver reliability.20 Detailed 
descriptions of the use of this emerging technology are 
reported in various clinical research reports.20• 21 

ls this method ready for general use in 2017? No. 
Ultrasound tissue characterisation is currently a research 
instrument with potential that marketers would say is 
at the early stage of the 'product life cycle'.22 As with 
any new technology, there will be extreme claims as to 
its potential capacity; over time a body of evidence will 
emerge as to the best ways for clinicians and patients to 
benefit from the technological advance.21 At the time of 
writing, there is only one manufacturer of this patented 
technology (UTC imaging, Stein, The Netherlands) and 
the cost of an instrument is in the range of US$40 000 to 
US$60 000, depending on service costs and the options 
that the user chooses for elements such as probes. 



(a) 

(b) 

Figure 15.15 Ultrasound tissue characterisation (UTC) of 

the Achilles tendon. Standard image (axial plane) in (a), and 

put in context in (b) with yellow being subcutaneous tissue. 

The tendon tissue would all be green in a normal tendon. 

This tendon has collagen pathology which is seen as blue, 

red and black signal. Green = echo-type I (normal tendon); 

blue = echo-type II; red = echo-type Ill; black= echo-

type IV. Echo-types II-IV are abnormal 

CT scanning 
CT scanning (Fig. 15.16) allows cross-sectional imaging 
of soft tissue, calcific deposits and bone. CT scanning is 
particularly useful in evaluation of the spine, fractures 
in small bones and fractures in anatomically complex 
regions, such as the ankle, foot or pelvis. CT scanners 
provide high-resolution reconstructions of the imaging 

Figure 15.16 Axial CT scan showing cross-section of 

osteochondral lesion of the posteromedial talar dome 

(arrow) 

data in any plane. Remember that CT defines bone details 
and can detect small areas of calcification better than 
MRI can, even though the latter will reveal occult bony 
abnormalities. Advances in multidetector CT technology 
allow rapid image acquisition and superb multiplanar 
reconstruction. The disadvantage of CT scanning is the 
significant radiation dose, especially in children. 

Radioisotopic bone scan 
Radioisotopic bone scan (scintigraphy) has fallen out 
of favour in sports medicine practice because of the 
availability of MRI with appropriate pulse sequences 
(e.g. STIR) which can often provide similar information 
about bone while adding anatomical localisation that 
was limited with bone scan. The high sensitivity and 
low negative likelihood if negative for stress fracture 
meant that the test was useful for ruling out stress 
fractures. Does radioisotopic bone scanning still have 
a role? Very rarely. Expert and experienced radiologists 
may use it at times to seek a tibia! or a metatarsal stress 
fracture but it has essentially been superseded by MRI 
and CT. 

Single photon emission computed tomography (SPECT) 
techniques are also used in sports medicine, particularly in 
the detection of stress fractures of the pars interarticularis 
of the lumbar spine, although the correct MRI sequence 
should be able to detect these changes. 
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Chapter 16 

Patient-reported outcome 
measures in sports medicine 
with NATALIE COLLINS, KAY CROSSLEY and EWA M ROOS 

The operation was entirely successful, bur the patient succumbed. 
Manual of Operaciue Surgery, published 1887 

Sports medicine clinicians likely had their first encounter 
with patient-reported outcome measures (PROMs) in the 
research setting, as PROMs are commonly used to capture 
treatment response. However, PROMs can also be useful 
in clinical practice. This chapter outlines what PROMs 
are, why they are important to use in clinical practice and 
what constitutes a 'good' PROM. It also provides examples 
of generic PROMs to use in sports medicine patients, 
which can be used to complement more specific measures 
outlined in the regional chapters. We emphasise that the 
key letters in the term 'PROMs' are the first two- P and 
R- for 'patient-reported.' That is what differentiates 
PROMs from 'objective' clinical measures such as range of 
motion or strength. 

WHAT ARE PROMS? 
PROMs are measures in which the patient provides his or 
her own perspective of a health condition or treatment. 
This is particularly useful when the aspect of interest 
is either impossible or impractical to observe directly, 
such as pain or high-level sporting function. 1 PROMs 
can be specific for the region (e.g. knee), condition (e.g. 
tendinopathy) or intervention (e.g. anterior cruciate 
ligament reconstruction or exercise). The clinician may 
be familiar with measures such as the !KOC (International 
Knee Documentation Committee) for knee function, the 
Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) score for osteoarthritis, and the Victorian 
Institute of Sport Assessment (VISA) score which rates 
patients who have tendinopathy. All of these are examples 
of various types of PRO Ms. 

A type of PROM can also provide a generic measure of 
overall health status (i.e. not 'disease-specific').2 PROMs can 

measure a variety of constructs, such as pain, symptoms, 
physical function and quality of life. An example of a 
very simple, commonly used PROM in clinical practice 
is asking the patient to rate their pain severity on a 
scale from zero to ten- a visual analogue scale (VAS). 
Contemporary PROMs provide more comprehensive 
insight into a number of aspects that are important to 
consider in the patient's condition. 

WHY IS IT IMPORTANT TO USE 
APPROPRIATE PROMS IN SPORTS 
MEDICINE? 
Clinicians who work in sports and exercise often use 
standard clinical tests to evaluate physical aspects, such 
as joint range of motion, ligament integrity and functional 
performance. While these provide important information 
about particular aspects of the patient's condition, 
they are unable to measure how the patient feels and 
performs. PROMs complement clinical tests to evaluate 
the patient's overall health and performance status more 
comprehensively. 

In sports medicine, PROMs are mostly used to evaluate 
the effectiveness of treatment. However, they may also: 

• focus the clinical appointment toward aspects that 
most concern the patient (i.e. by asking the patient to 
complete the PROM prior to the appointment) 

• build a profile of the patient's health condition over 
time and quickly identify those who have experienced 
improvement or deterioration and may require 
refinements to their training or management3 

• identify dimensions that the patient deems to be 
important in their treatment planning and goal setting 
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• predict which patients are likely to have a good 
prognosis or respond to a panicular treatment 

• decide a patient's readiness for return to activity3 

• empower the patient to monitor his or her own health 
profile over time, by providing benchmarks for the 
ideal health state (vs peers, normative cohons) 

• screen patients for injury risk 
• provide a method of standardising health status 

reponing, to allow pooling of data from international 
cohons (e.g. ACL registries) and detect clinical patterns 
that may influence prognosis and response to treatment. 

CONSIDERATIONS FOR WHAT 
CONSTITUTES A 'GOOD' PROM FOR USE 
IN SPORTS MEDICINE 
Several factors should be considered before integrating 
PROMs into clinical practice. This will ensure that 
implementing the PROM is feasible and it will help to 
ensure that the PROMs provide relevant, reliable and valid 
information about the patient and can measure change in 
the patient's condition over time. Clinicians can obtain 
this information from a variety of sources, including the 
PROM's original publication (e.g. journal anicle, book), 
online resources (e.g. specific PROM websites such as 
www.koos.nu) and systematic reviews of PROMs. It is 
also important to recognise that measurement propenies 
are often population-specific. This means that clinicians 
should confirm that the PROM has been evaluated in the 
specific patient cohort relevant to their patient (e.g. ACL
reconstruction versus knee osteoarthritis). 

Is the PROM easy to use in a sports 
medicine setting? 
One of the perceived barriers to integrating PROMs into 
clinical practice is the burden on patients and clinicians, 
and how this will affect spans medicine services in the 
clinic, clubrooms, or during competition and travel. At the 
elite level, patients are accustomed to completing regular 
log-books to track factors such as their training load, 
dietary intake and sleep patterns. As such, the inclusion 
of appropriate PROMs is unlikely to be too burdensome, 
especially if it provides information that they see to be 
relevant to their injury or health condition and goals, and 
is delivered in the same format as their regular log-books 
(i.e. mobile device or paper diary). 

By definition, PROMs should be patient-administered, 
without input from the clinician or others, as this 
captures the patient's impression of their health 
condition and minimises the potential for bias introduced 
with clinician-completed measures. This is also likely 
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to mm1m1se the burden on clinicians, as patients can 
complete the PROMs prior to their appointment or in the 
waiting room. 

Another consideration regarding patient burden is the 
format and layout of the PROM. Are the items logical 
and easy to interpret, or does the patient need to read 
each item carefully to ensure that they provide the 
correct response? For example, some PROMs reverse the 
wording or responses to some items and then invert the 
scoring (e.g. items 4, 8, 12 and 16 of the Tampa Scale for 
Kinesiophobia). 

Although it may be preferable in clinical practice to use 
PROMs with the shortest completion time, this needs to 
be considered along with the information that the PROM 
provides. Some PROMs that take longer to complete may 
provide substantially more information about different 
aspects of the patient's condition (e.g. PROMs such as the 
Knee Injury and Osteoanhritis Outcome Score (KOOS) 
and Copenhagen Hip And Groin Outcome Score (HAGOS) 
that provide separate subscales for pain, function and 
quality of life take 5-1 O minutes to complete) than shoner 
PROMs that only measure one construct (e.g. numerical 
rating scale for pain taking seconds to complete). The 
completion time is also imponant to consider in the 
context of how frequently the PROM will be administered. 
If the frequency is at least 3 months apan, longer PROMs 
are feasible, while shoner PROMs are more feasible if 
daily, weekly or monthly administration is desired. 

The clinician should also consider how burdensome 
the PROM is to score and interpret in the spans medicine 
setting. To minimise clinician burden, we recommend that 
electronic or online data collection platforms be used where 
possible. This allows clinicians to receive scores in real time 
using computer algorithms, which enhances their clinical 
utility.3 Electronic questionnaires have high agreement 
with their paper-based predecessors.4 Funhermore, infor
mation needs to be made available to clinicians regarding 
how to interpret PROM scores, relate them to the patient's 
condition and use them to make decisions about treatment.3 

The availability of a user guide for the PROM will facilitate 
ease of administration and scoring. 

Finally, the accessibility of the PROM should be 
considered. Many PROMS are open access and freely 
available for clinical use (e.g. KOOS). However, some 
PROMs have licensing requirements and fees associated 
with their use, even in clinical practice (e.g. WOMAC). 
Given that spans medicine clinicians can manage patients 
of various cultural and language backgrounds, they should 
also consider whether a panicular PROM is available in 
languages other than English and whether non-English 
versions have undergone cross-cultural validation. This 
ensures that the same meaning of the items and stability 
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of measurement properties (e.g. reliability, validity, 
responsiveness) is retained when the PROM is translated 
into another language. 

Does the PROM evaluate dimensions that 
are relevant for the patient? 
In selecting a PROM for use in sports medicine, it is vital 
that it evaluates specific dimensions, subscales, items or 
questions that are relevant for the particular patient. The 
first step in determining relevance of dimensions is to 
obtain information regarding the patient group that the 
PROM was intended for. This is generally available in the 
PROM's original publication. For example, the iHOT-33 
was intended for young active patients with hip disorders,5 
which would be suitable for use in athletic populations. 
In comparison, the KOOS was intended for use in young, 
middle-aged and elderly patients with knee injuries and/ 
or osteoarthritis.6 Thus, items in the subscale pertaining 
to function during sport and recreational activities (e.g. 
running, jumping, twisting/pivoting) may be more 
relevant to younger active patients than function in 
activities of daily living (e.g. putting on socks/stockings). 

Validity refers to the degree to which a PROM 
measures the constructs that it intends to measure.7 This 
is an important consideration when making inferences 
based on PROM scores.1 

Content validity is the degree to which the content 
of the PROM adequately reflects the constructs to 
be measured, with respect to their relevance and 
comprehensiveness.1• 7 A PROM has adequate content 
validity if the developers provide a clear description of 
the measurement aim, the target population, concepts to 
be measured and item selection.a Importantly, patients 
from the target population should have been involved 
in the development or selection of included items.a Face 
validity is a component of content validity that is useful 
for clinicians. This refers to the degree to which, on face 
value, the items of a PROM look as though they adequately 
reflect the construct to be measured.7 Clinicians should 
ensure that PROMs demonstrate content validity and that 
they do not overrule dimensions that patients deem to 
be important-it is the patient who is the expert in this 
scenario. 

Construct validity refers to how well the PROM 
measures its intended constructs. 2 This is typically 
evaluated by testing hypotheses regarding the expected 
relationship between the PROM and other instruments. 
Evidence for convergent construct validity is provided 
when higher correlations are found between the PROM 
and existing measures that evaluate similar constructs.a 
Evidence for divergent construct validity is provided 
when lower correlations are observed between the 

PROM and existing measures that evaluate dissimilar 
constructs.a For example, in patients who had undergone 
hip arthroscopy, the pain subscale of the Copenhagen 
Hip And Groyne Outcome Score (HAGOS) demonstrated 
larger correlations with the SF-36 bodily pain subscale 
and smaller correlations with the mental health subscale.9 

Clinicians may also see reference to another form of 
validity in the literature, termed criterion validity. This 
refers to how well the scores of an instrument reflect 
a 'gold standard.'7 Because there is no gold standard 
measure of patient-reported outcome, 10 criterion validity 
is not applicable to PROMs. 

Do all items within a PROM measure the 
same construct? 
For scoring and interpretation purposes, it is important 
that all items within a PROM or individual subscales reflect 
the same dimension. 11 The internal consistency measures 
how well all items within a PROM are correlated and 
thus measure the same construct.a This is an important 
consideration for PRO Ms that use multiple items to measure 
a single construct (e.g. Tampa Scale for Kinesiophobia), to 
ensure that all items are likely to respond in a similar way 
to a change in the patient's condition. 

The first step in determining the internal consistency 
of a PROM is to examine the structural validity. During 
the development phase of the PROM, specific analyses 
(principal component analysis or exploratory factor 
analysis) are used to determine whether the items form one 
overall dimension (unidimensionality) or more than one 
dimension (multidimensionality).a For PROMs that consist 
of a single overall score (e.g. VISA Score), all items should 
reflect a single construct.1 For PROMs that consist of 
several subscales that are scored individually (e.g. HAGOS), 
several dimensions should be demonstrated. 1 Clinicians 
should confirm that all items within an overall score or 
subscale score, as appropriate, reflect only one dimension. 

Once the unidimensionality of the PROM or its 
subscales has been established, Cronbach's alpha can be 
used to measure the interrelatedness of all items within a 
(sub)scale.7• a Cronbach's alpha is considered adequate if it 
falls between 0.7 and 0.95. A low Cronbach's alpha (<0.7) 
indicates that the items are not well correlated and that 
a single summary score is not appropriate.a A very high 
Cronbach's alpha (>0.95) is also not ideal and suggests that 
one or more items within the (sub)scale are redundant.a 

Can the PROM be trusted to detect 
true change in the patient and be free 
from error? 
To be able to trust and interpret PROM scores, it is 
important to establish the error associated with the PROM. 
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This gives clinicians an idea as to whether any change 
observed in the PROM between repeated administrations 
reflects a true change in the patient's condition or is due 
to error inherent in the measure. 

The test-retest reliability of a PROM indicates how 
stable the results are when you measure a patient's 
unchanged condition on two separate occasions.2 

For PROMs that are patient-completed, reliability is 
considered to be intra-rarer, as the same person (the 
patient) completes the PROM on different occasions? 
Typically, test-retest reliability is reported using intraclass 
correlation coefficients (ICC). This indicates the strength 
of the relationship between the two administrations, from 
O (no relationship) to I (the relationship between the 
repeated administrations can be predicted without error).1 

Interpretation of ICCs differs depending on whether 
clinicians intend to use the PROM in individual patients 
or in groups of patients (e.g. sporting teams). 

PRACTICE PEARL 

Test-retest reliability is considered adequate for use 

in individual patients if the ICC is greater than 0 .9,12 

and for use in groups if the ICC is greater than 0 .7.8 

The absolute measurement error or agreement can 
also be determined. This provides clinicians with a 
value, expressed in the measurement unit of the specific 
PROM, which can be used to determine whether a PROM 
change score is greater than the error of the measure. 
The standard error of measurement (SEM) estimates 
one standard deviation of the error associated with one 
measurement.1 This is then used to calculate the minimal 
detectable change (MDC), also known as the smallest 
detectable change (SDC). The MDC can be determined 
for individuals (MDC;nd = 1.96 x V2 x SEM), reflecting 
the smallest change occurring within a patient that can 
be interpreted as 'real' change (at the 0.05 significance 
level).8 It can also be determined for groups (MDCgroup), 
by dividing the MDC;nct by Vfi (where n is the number 
of participants).8 In clinical practice, if a patient's change 
score on a PROM is greater than the MDC;nd, clinicians can 
interpret this as a true change in the patient's condition. 

Is the PROM sensitive enough to detect 
real change in the patient's condition? 
Because PROMs are frequently used to evaluate a patient's 
response to treatment or monitor their condition over time, 
they must be sufficiently sensitive to be able to detect real 
changes in a patient's condition. Responsiveness refers to 
the ability of a PROM to detect change over time in the 
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measured construcr.7 This is arguably the most important 
measurement property, as it gives an indication of how 
robust the PROM is on all other measurement properties 
(e.g. validity, reliability). Responsiveness is specific to the 
population and treatment of interest, so clinicians should 
seek evidence from studies that test responsiveness in 
cohorts that have similar characteristics to the specific 
patient (e.g. age, injury/condition/treatment). 

The difficulty for clinicians is the lack of consensus 
regarding the optimal method of evaluating responsiveness 
for PROMs. Earlier studies frequently present effect sizes 
as a measure of responsiveness. However, this is more a 
reflection of treatment effects (i.e. the magnitude of the 
change score), rather than whether the PROM can detect 
change over time (i.e. validity of the change score). 11 

More recently, the COSMIN group recommended that 
responsiveness should be evaluated in a similar way to 
construct validity, by testing predefined hypotheses 
regarding the expected correlation between change scores 
of two PROMs that are administered simultaneously 
or expected differences in changes between 'known' 
groups. 13 PROMs may be compared to a 'global rating of 
change' (GROC) scale, which is an adequate estimate of 
the magnitude and direction of health status change, 14 

or to other measures of the same construct.15 Thus, 
responsiveness can be viewed as longitudinal validity.8 

Clinicians can gain evidence of PROM responsiveness 
from studies where predefined hypotheses regarding 
change scores (e.g. effect sizes) are supported. Effect sizes 
are also useful when comparing PROMs head to head, 
or when comparing groups that are better, unchanged 
or worse. 

The other component of responsiveness relates to 
whether the PROM can distinguish clinically important 
change from measurement error. 13 This is particularly 
important for clinical practice, as clinicians need to be 
confident that changes they are observing in their patient, 
measured using PROMs, represent meaningful change in 
the patient's condition. The minimal clinically important 
difference (MCID), also known as the minimal important 
change (MIC), is the smallest change in a PROM score that 
patients consider to be important. 11 The MCID provides 
clinicians with an estimate of the average amount of 
change in PROM score that patients would typically 
consider to represent a meaningful improvement. 1 

PRACTICE PEARL 

When interpreting MCIDs, clinicians should ensure 

that the MCID is larger than the MDC, indicating that 

the magnitude of important change is greater than 

the error associated with the PROM.8 
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One consideration with the ability of a PROM to 

detect change is whether it demonstrates any floor or 
ceiling effects when used in particular patient groups. 
Floor effects occur when patients score the lowest 
possible value on the (sub)scale at baseline measurement, 
meaning that there is no room for the PROM to detect 
further deterioration. Ceiling effects occur when patients 
score the highest possible value, meaning that the PROM 
is unable to detect improvements in the condition. 

Athletic patients may demonstrate ceiling effects on 
PROMs that were originally designed for use in older, 
more inactive cohorts. For example, the KOOS subscale for 
activities of daily living often demonstrates ceiling effects 
when used in young ACL-injured 16 and reconstructed 
patients, 17 as the items in this subscale relate to low
level daily activities such as putting on socks. Also, older 
patients with osteoarthritis may demonstrate floor effects 
on PROMs designed for younger, more active cohorts. 
For example, the KOOS subscale for sport and recreation 
may demonstrate floor effects when used in older 
patients who have moderate to severe knee osteoarthritis 
after ACL reconstruction, because they have extreme 
difficulty participating in running, jumping and twisting 
activities. 

For PROMS that have multiple subscales, it is up to 

the clinician to decide whether all subscales are relevant 
to the patient of interest. Since scores are calculated 
and presented per subscale, individual subscales can 
be omitted in the population of interest or at specific 
time points. For example, it may not be relevant to 

evaluate the KOOS sport/ rec subscale 2 weeks after ACL 
reconstruction. Floor and ceiling effects are considered 
acceptable if less than 15% of patients score the lowest or 
highest score, respectively.8 

SUMMARY 
PROMs measure items that matter to patients. They 
can add valuable information to the assessment and 
management of patients. Selected PROMs are easy to 
integrate into the sports medicine setting, evaluate patient
relevant constructs, represent single dimensions and can 
detect real changes in the patient's condition (beyond a 
defined measurement error). The reader is directed to Part 
B chapters for recommendations regarding PROMs for 
specific body regions, conditions and interventions. 

Table 16.1 gives some examples of commonly used 
generic PROMs, while an example of the clinical use of a 
PROM is shown in the box below. 

Examples of generic PROMs appropriate for use in clinical sports medicine 

A number of generic PROMS can be applied across a variety 

of patient groups (i.e. different conditions or injuries) and 

interventions. Table 16.1 lists some commonly used generic 

Table 16.1 Commonly used generic PROMs 

Pain Numerical Rating Scale (NRS)18 

• Single item 

PROMs that measure constructs that are applicable for sports 

medicine patients. 

• Most commonly 11-point scale, anchored with 'no pain' (0) and 'worst imaginable pain' ( 10) 

• Patient selects the number that represents their pain severity over the nominated time period (e.g. last 24 hours, past week) 

• Manual scoring, score range 0-10 

• Freely available 

Patient-specific Functional Scale 19 

• 3-5 items, single aggregate score 

• Patient nominates up to 5 activities that are difficult because of their injury/condition, then rates the difficulty for each activity 

on an 11-point NRS (0 = 'unable to perform activity'; 10 = 'able to perform activity at same level as before injury or problem') 

• Manual scoring (average of all scores), score range 0-10 

• Freely available 

continued 
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Health-related quality of life 

SF-3620 

• 36 items across domains of physical functioning, physical role, bodily pain, general health, vitality, social functioning, emotional 

role and mental health; can also derive two aggregate summary measures: physical component summary and mental 

component summary 

• Scored by recording some items, summing responses and transforming scores to a 0-100 scale (higher score = better health 

state). Computer scoring algorithms are necessary and freely available 

, Normative data available in multiple populations21 

• Original version available in English and Arabic, free of charge (www.rand.org). Most recent version (developed in 1998) 

requires licence and is available in more than 170 languages (www.optum.com/optum-outcomes/what-we-do/health-surveys/ 

sf-36v2-health-survey.html) 

AQoL-6D22 

• 20 items across 6 domains (independent living, mental health, relationships, senses, coping, pain) 

• Scoring algorithms and an online scoring service are available (www.aqol.com.au). Score range -0.04 (health state worse than 

death) to 0.0 (death) and 1.00 (full health) 

• Available in 6 languages 

• Normative data available 

• Freely available; requires registration for use in studies, but not clinical practice 

Health •r~!atetl 11uality •f life 

Pain Catastrophising Scale23 

• 13 items across 3 subscales (rumination, magnification, helplessness) 

• Manual scoring by summing items. Single aggregate score can be calculated (0-52), as well as individual subscale scores. 

Higher scores represent higher degree of catastrophising 

• Freely available in 21 languages (http://sullivan-painresearch.mcgill.ca/pcs.php) 

Tampa Scale for Kinesiophobia24 

• 17 items evaluating kinesiophobia 

• Manual scoring by summing all items (after converting individual scores of 4 items). Total score ranges from 17 to 68, where a 

high score indicates a high degree of kinesiophobia 

• Freely available25 

Case study: Measuring knee symptoms, function and quality of life after ACL reconstruction 

David is a 34-year-old man who underwent an ACL 

reconstruction (ACL) (hamstring tendon autograft) 

of his right knee 7 years ago. He returned to social 

soccer 18 months after surgery. He has recently been 

experiencing pain and stiffness in his right knee, and has 

stopped playing soccer and running as he fears that this 

may increase his pain and any damage in his knee. His 

family physician ordered X-rays, which revealed mild to 

moderate osteoarthritis in his right patellofemoral and 

tibiofemoral joint compartments. David was then referred 

for physiotherapy management. 

In addition to performing his usual clinical assessment, 

David's physiotherapist administered the KOOS to better 
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understand David's knee condition. The KOOS was developed 

for patients with knee injuries and/or osteoarthritis. It consists 

of five individually scored subscales: pain, symptoms, function 

in activities of daily living (ADL), function in sport and recreation 

activities and knee-related quality of life (QoL). The KOOS 

is reliable and valid in patients with ACL injury and/or knee 

osteoarthritis.26 The minimal detectable change (MDC), for 

individuals in adults with mild OA after ACL reconstruction is: 

pain 20; symptoms 24.9; ADL 14.4; sport/rec 24.9; QoL 20.5 

(calculated from SEM data 27.) 

Figure 16. 1 a shows David's KOOS scores at baseline 

(at his first physiotherapy session) compared to population 

normative data.28 There are marked differences in scores 
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Figure 16.1 David's KOOS profiles of the five subscale scores at (a) baseline, 

(b) 3 months and (c) 6 months, compared to population normative data 
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for the sport/rec and Qol subscales. In comparison, the 

differences in scores for the pain, symptoms and ADL 

subscales are smaller. This may be because younger patients 

who undergo ACL reconstruction are more concerned with 

sport/rec function and Qol and it may reflect ceiling effects 

observed in this population. However, the difference between 

David's scores and population norms for the ADL, sport/rec 

and Qol subscales are greater than the MDC;nd, indicating 

that real differences are present. 

The physiotherapist implements a rehabilitation program 

of lower limb strengthening and neuromuscular control 

exercises, combined with manual therapy and patella taping 

to address pain and symptoms. 

David's KOOS scores after 3 months are presented 

in Figure 16.1 b. Although his scores are better on the 

symptoms, ADL and sport/rec subscales, the change scores 

from baseline are within the error of the measure and 

therefore may not represent real change. Furthermore, while 

his scores on the pain, symptoms and ADL subscales are 
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approaching population norms, the sport/rec and Qol scores 

remain substantially lower. 

Based on these outcomes, the physiotherapist decides 

to integrate some interventions to address Qol into David's 

rehabilitation program. Specifically, she uses some graded 

exercises, combined with education, to improve David's 

confidence in his knee (assessed by KOOS Qol item 3) and 

reduce any fear-avoidance of potentially damaging activities 

(KOOS Qol item 2). She continues to progress his strength and 

neuromuscular exercises, in preparation for return to sport. 

From Figure 16.1 c you can see that David's pain, 

symptoms and ADL scores are almost identical to population 

norms. His sport/rec and Qol scores have also increased 

by an amount that exceeds the MDC;nd· The physiotherapist 

interprets these findings as representing a true change 

in David's knee condition. At the last appointment, the 

physiotherapist hands over the KOOS profiles to David and 

asks him to score himself from time to time to keep track of 

his status. 



Chapter 17 

Treatment of sports injuries 

with BEN CLARSEN 

Healing is a macrer of time, bur is sometimes also a macrer of opportunity. 
Hippocrates (c.460-370 BCE) 

This chapter is integrally linked to the following chapter 
on the principles of injury rehabilitation. While the terms 
creatment and rehabilitation are often used synonymously, 
we define treatment as specific interventions aimed at 
tissue pathology, impairments or symptoms. Examples of 
treatments include targeted tendon loading (therapeutic 
exercise), mobilisation of a cervical spine facet joint 
(manual therapy), extra-corporal shockwave therapy 
(electrotherapy) and non-steroidal anti-inflammatory 
drugs (therapeutic medications). In contrast, we define 
rehabilitation as a holistic process aimed at restoring the 
athlete to his or her pre-injury function- a part of which 
involves the application of the right treatments at the right 
time. 

This chapter provides essential background for the 
treatments detailed in Part B: Regional Problems. Evidence 
for treatment effectiveness is continually changing. 
However, remember that our craft remains as much art as 
science. Level 1 evidence is not always available (see box) 
and the decision to use (or not to use) certain treatments 
is also influenced by our experience, professional training 
and patient's expectations (see 'A cautionary tale' below 
and Chapters 1 and 2). Nevertheless, clinicians should have 
a solid understanding of the theoretic rationale for the 
treatments they provide, as well as up-to-date knowledge 
of the evidence of their effectiveness. 

The effect of each treatment should be evaluated by 
objectively comparing symptoms and signs before and 
after the treatment, and at the next visit. Functional 
testing and patient-reported outcome measures (PROMs
Chapter 16) should also be used regularly throughout the 
course of treatment. This enables the clinician to choose 

the most appropriate mode of treatment for the specific 
injury and individual. In presentations that fail to improve, 
this also allows the clinician to change modalities or 
pursue further investigations. 

High-level evidence is not always available 

There are no randomised controlled studies to demonstrate 

thatjumping out of a plane with a parachute leads to superior 

outcomes than jumping without one.1 The best evidence for 

the effectiveness of parachutes comes from retrospective 

case series (level 4 evidence; Fig. 17.1). Wou ld this stop you 

from recommending their use? 

Figure 17.1 The level of research evidence supporting 

the use of parachutes is low CORBIS 
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A cautionary tale 
with KIERAN O 'SULLIVAN 

Before we launch into specific treatments and the evidence 

that underpins them, we need to share a cautionary tale. 

Just as Chad Cook {Chapter 14) alerted us that clinical 

assessment is not as accurate as the 1990s textbooks made 

out, treatment is not what a glitzy pharmaceutical video 

might suggest it is. 

Unfortunately, several very important factors-that 

are unrelated to the pathology of a condition itself-can 

influence treatment outcomes. You have seen patients who 

are positive in their outlook and others who seem to live 

in a world of gloom and doom. You probably suspect that 

this might affect the outcome of treatment, and evidence 

indicates it most certainly does. 

Patients' response to treatment is greatly influenced 

by cognitive (e.g. thoughts, self-efficacy, hypervigilance), 

psychological (e.g . depression, stress, anxiety, perceived 

injustice), social (e.g. work, family, financial, cultural, social 

support, life events) and lifestyle (e.g . poor sleep, sedentary 

behaviours, physical activity levels, diet, smoking) factors 

(Fig. 17.2). These systemic factors are widely acknowledged 

as being key in the onset and maintenance of pain2- 4 among 

non-sporting populations reporting pain or injury (e.g. chronic 

low back pain, hip and knee osteoarthritis). Sports medicine 

is just beginning to embrace this undeniably important 

concept. 

PRACTICE PEARL 

Psychosocial, cognitive and lifestyle factors are 
related to (i) the onset of symptoms,5· 6 (ii) treatment 

response7· 8 and (iii) return to sport. 9• 10 

While these systemic factors are often perceived as 

difficult to modify, they are likely to be at least as modifiable 

as many physical factors (e.g. posture, muscle thickness), 

which are often the main targets for treatment, but which 

often do not objectively change as the athlete recovers. 11 • 12 

Successful clinical outcomes after treatments typically 

considered to be 'physical', such as exercise, are often 

mediated by changes in cognitive and psychological 

factors. 13 Critically, there is evidence that these systemic 

factors are related to more traditional physical factors 

(e.g. fear affects movement patterns and, thus, can slow 

the athlete's return to sport). 14· 15 
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Figure 17.2 A wide range of factors influence patients' 

response to treatment 

PRACTICE PEARL 

Rather than considering rehabilitation from injury as 
physical or psychological, rehabilitation might often 
need to combine these aspects in a manner that 
best matches the individual needs of each athlete. 

For example, as discussed below, exercise is a core 

component of injury rehabilitation. Since exercise can enhance 

a range of systemic factors (e.g. sleep, mood, catastrophising, 

fear, self-efficacy), there may be occasions when athletes 

benefit more from the health-enhancing systemic effects 

of exercise (e.g. it aids relaxation and sleep) than from local 

loading tissue effects (e.g. an athlete whose pain or injury is 

not explained by the typical tissue injury model). In situations 

such as this, clear communication with athletes regarding the 

mechanism of effect of exercise, and the context in which 

that exercise is completed, is critical. Furthermore, traditional 

rehabilitation can then evolve to incorporate additional 

treatment components (e.g. relaxation, cognitive behavioural 

therapy, sleep hygiene, dietary advice) to influence several of 

these wellness factors as required with each athlete. 



THERAPEUTIC EXERCISE 
The health benefits of regular physical activi ty have been 
recognised since before the time of Hippocrates and 
proven more and more convincingly since Jeremy Morris' 
London bus study in the 1950s. The slogan 'exercise is 
medicine' has been adopted by many public health groups 
aiming to prevent non-communicable diseases such as 
cardiac disease, type 2 diabetes and cancer. 

'Exercise is medicine' also applies to the treatment of 
musculoskeletal injury. There is abundant evidence for 
exercised-based therapy as treatment of a wide range of 
conditions including tendinopathy, 16 osteoarthritis 17· 18 

and lower back pain.19 

The following section will review a number of 
mechanisms that may explain the benefits of therapeutic 
exercise, such as stimulation of tissue repair and remodelling, 
altering biomechanics and exercise-induced hypoalgesia. 

PRACTICE PEARL 

Abundant high-level evidence supports therapeutic 

exercise as a first-line treatment across a wide range 

of conditions. It should be considered as a first-line 

treatment for almost any musculoskeletal condition. 

Stimulation of repair and remodelling: 
mechanotherapy 
The prescription of therapeutic exercise to promote 
beneficial tissue adaptations has been called 
'mechanotherapy·.20 This refers to the employment of 
mechanotransduction- the process by which cells convert 
physiological mechanical stimuli into biochemical 
responses-to promote repair and remodelling of injured 
tissue (see boxed text). 

Mechanotransduction: how loading tissue can stimulate repair and remodelling 

The process of mechanotransduction is integral to the 

homeostatic maintenance of the musculoskeletal system in 

the absence of injury. It also explains how therapeutic exercise 

can strongly influence injured tissue. 

Mechanotransduction consists of three steps : 

(i) mechanocoupling, (ii) cell-cell communication and 

(iii) the effector response. Here we use tendon tissue to 

illustrate this process, but the fundamental principles also 

apply to other musculoskeletal tissues such as bone, muscle, 

ligament and articular cartilage. 

Mechanocoupling-the loading trigger 

Mechanocoupling refers to physical load (often shear or 

compression) causing a physical perturbation to cells that 

make up a tissue. For example, with every step, the Achilles 

tendon receives tensile loads generated by the three 

elements of the gastrocnemius-soleus complex and, thus, 

the cells that make up the tendon (Fig 17.3a) experience 

tensile and shearing forces (Fig. 17.3b). Tendon cells can 

also experience compression forces (Fig. 17 .3c). These 

forces elicit a deformation of the cell that can trigger a wide 

array of responses depending on the type, magnitude and 

duration of loading.21 The key to mechanocoupling, as the 

name suggests, is the direct or indirect physical perturbation 

of the cell, which is transformed into a variety of chemical 

signals both within and among cells. 

Cell-cell communication-distributing the loading message 

The previous paragraph illustrated mechanocoupling by 

focusing on a single cell, but let us draw back to examine a 

larger tissue area that contains thousands of cells embedded 

(a) 

Figure 17.3 The various elements of the tendon cell (a) 

continued 
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(b) (c) 

Figure 17.3 (cont.) The various elements of the tendon cell undergo shear (b) and compression (c) during a loading cycle 

within an extracellular matrix (Fig. 17.4). The signalling proteins 

for this step include calcium and inositol triphosphate (IP3). 

The process of cell-cell communication is best understood 

by illustration (Fig. 17.4). The critical point is that stimulus in 

one location (location 1 in Fig. 17.4c) leads to a distant cell 

registering a new signal (location 2 in Fig. 17.4e) even though 

the distant cell does not receive a mechanical stimulus. 21 

Effector cell response 

To illustrate the third part of mechanotransduction (effector 

cell response) , we focus on a single cell at the boundary of 

the extracellular matrix (Fig. 17.5). With movement, integrin 

proteins located in the cell membrane activate at least two 

distinct pathways that influence the cell nucleus to initiate the 

production of new proteins. These pathways include physical 

and biochemical signals (Fig. 17.Sd). 

Figure 17.4 Tendon tissue provides an example of cell

cell communication (a) The intact tendon consists of 

extracellular matrix (including collagen) and specialised 

tendon cells (arrowheads} 
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(a) 



(b) (d) 

(c) (e) 

Figure 17.4 (cont.) (b) Tendon with collagen removed to reveal the interconnecting cell network. Cells are physically in 

contact throughout the tendon , facilitating cell-cell communication. Gap junctions are the specialised regions where cells 

connect and communicate small charged particles. They can be identified by their specific protein , connexin 43. Time 

course of cell-cell communication from (c) the beginning , through (d) the midpoint to (e) the end. The signalling proteins for 

this step include calcium (red spheres) and inositol triphosphate (IP3) 

continued 
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Figure 17.5 Mechanica l loading stimulates cells to 

synthesise protein (a) A larger-scale image of the 

tendon cell network for orientation. We focus on 

one very small region (b) Zooming in on this region 

reveals the cel l membrane, the integrin proteins that 

bridge the intracellular and extracellular regions, 

and the cytoskeleton, which functions to maintain 

cell integrity and distribute mechanical load. The 

cell nucleus and the DNA are also illustrated (c) With 

movement (shearing is illustrated), the integrin proteins 

activate at least two distinct pathways (d} One pathway 

involves the cytoskeleton that is in direct physical 

communication with the nucleus (ye llow arrow) 

(i.e. tugging the cytoskeleton sends a physical signal to 

the cell nucleus). Another pathway is triggered by integrins 

activating a series of biochemical signalling agents, 

which are illustrated schematically (green lever). After a 

series of intermediate steps, those biochemical signals 

also influence gene expression in the nucleus (e) Once 

the cell nucleus receives the appropriate signals, normal 

cellular processes are engaged. mRNA is transcribed 

and shuttled to the endoplasmic reticulum in the cell 

cytoplasm, where it is translated into protein. The protein 

is secreted and incorporated into the extracel lular matrix 

(f) In sum, the mechanical stimulus on the outside of the 

cell promotes intracellular processes leading to matrix 

remodelling 

A range of studies have shown or implied a potential for 
mechanotherapy to promote healing of muscle, tendon, 
ligament, cartilage and bone. The key to successful clinical 
application of mechanotherapy is most often finding the 
correct dosage (and thus progression of exercises). 

In some cases, such as patellar and Achilles tendinopathy, 
literature exists to guide the clinician's exercise prescription. 
'Research-proven' treatment regimens, such as tendon 
training protocols (Chapter 40) or 'heavy slow resistance 
training'22 have considerable clinical popularity and are 
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(a) (b) 

(c) (d) 

(e) (f) 

often applied to a variety of other injury types. However, 
we warn against taking a 'one size fits all' approach. General 
training principles of progressive overload, periodisation 
and specificity should be followed (Chapter 10), and 
exercise prescription should be individualised according to 
each patient's functional capacity, sport-specific demands 
and treatment response. 

The following section reviews the specific mechanisms 
and clinical application of mechanotherapy for muscle, 
tendon, cartilage and bone. 



Muscle 
Muscle offers one of the best opportunmes to exploit 
and study the effects of mechanotherapy as muscle is 
highly responsive to changes in loading. Increasing load 
on muscle leads to the immediate, local upregulation of 
mechanogrowth factor (MGF), which in turn stimulates 
muscle hypertrophy via activation of satellite cells.23 The 
opposite mechanism is at play in cases where athletes are 
forced to rest a body part (immobilise or greatly reduce 
muscle load), such as after a fracture or surgery. In such 
cases, mechanotransduction causes catabolism of tissue
the tissue adapts to the load it senses. 

The benefits of loading include improved alignment 
of regenerating myotubes, faster and more complete 
regeneration, and minimisation of atrophy of surrounding 
myotubes.24 We revisit this topic later in the section on 
acute injury management. 

Tendon 
Tendon is a dynamic, mechanoresponsive tissue. One of the 
major load-induced responses in tendon, which has been 
shown both in vitro25 and in vivo,26-28 is an upregulation 
of insulin-like growth factor (IGF-I). This upregulation of 
IGF-I is associated with cellular proliferation and matrix 
remodelling within the tendon. However, other growth 
factors and cytokines in addition to IGF-I are also likely to 
play a role. 29 

Recent studies show a significant increase in stiffness, 
Young's modulus and cross-sectional area in human 
tendons subjected to mechanical loading programmes.30 

However, the extent of tissue adaptation appears to be 
highly dependent on the applied loading parameters. 
In particular, several studies indicate that high
intensity muscle contractions (70-90% of maximum) 
are necessary to increase tendon stiffness,31-34 and 
that interventions longer than 12 weeks are necessary 
to achieve optimal adaptations.35• 36 The mechanical, 
material and morphological properties of tendons respond 
similarly to high-intensity loading programmes involving 
eccentric, concentric-eccentric and isometric muscle 
contractions. 16• 30• 37 However, plyometric training may 
not lead to optimal adaptations.30 

Articular cartilage 
Like other musculoskeletal tissues, articular cartilage is 
populated by mechanosensitive cells (chondrocytes), which 
signal via pathways highly comparable to those described 
for tendon. Animal studies have shown that immobilisation 
leads to cartilage atrophy and loss of stiffness, whereas 
cartilage subjected to high loads has a higher proteoglycan 
content and higher cell volume, and is stiffer.38 

Recent advances in magnetic resonance imaging (MRI) 
technology, in particular the ability to estimate cartilage 
glycosaminoglycan (GAG) content,39 have improved our 
understanding of loading on human articular cartilage. 
A 16-week moderate loading program increased the GAG 
content of articular cartilage among patients at high 
risk of developing tibiofemoral osteoarthritis.40 Vigorous 
loading programs have provided mixed results. Some led 
to improved cartilage quality among people with41 and 
without42 osteoarthritic changes, whereas others were 
detrimental in people with pre-existing bone marrow 
lesions.43 

There is little high-level evidence to guide loading 
dosage for articular cartilage injuries-the dose-response 
curves are still being determined. However, there was 
clinical improvement among 48 patients with full
thickness femoral condyle lesions who utilised a 3-month 
progressive exercise program consisting of moderate 
resistance training (3-4 sets of 8-1 O repetitions at 40-60% 
of maximum), as well as neuromuscular and cardiovascular 
training.44 A key clinical principle of loading articular 
cartilage lesions is to avoid pain and swelling during or 
after training.44• 45 

Bone 
The process of mechanotransduction has been well 
described in human bone.46 Appropriate loading of 
osteocytes, which are believed to be the primary mech
anosensors, activates a number of extracellular and 
intracellular signalling pathways which stimulate 
osteoblast proliferation and new bone formation. However, 
both insufficient and excessive loading of bone stimulates 
osteoclast activity, which leads to a loss of bone tissue.46 

There is growing evidence that mechanotransduction 
can be exploited to improve fracture healing, through 
either active load bearing (e.g. partial weight-bearing 
mobilisation), pneumatic compression or electrophysical 
agents.47 There are no definitive guidelines on the 
amount of loading required to optimise bone formation, 
particularly as many factors influence each case, such as 
the loading type, the site and size of the fracture, and the 
patient's age and hormonal status. However, studies agree 
that dynamically applied loads are more effective than 
static loads in stimulating bone remodelling.47 

Altering biomechanics: 
motor-control training 
In addition to stimulating repair and remodelling of 
injured tissues, clinicians also prescribe therapeutic 
exercise to influence the way a patient moves his or her 
body. We often refer to this as 'neuromuscular' or 'motor
control' training. 
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Clinicians usually prescribe motor-control training in 
an attempt to: 

1. Directly or indirectly unload injured or sensitised 
tissue. For example, overhead athletes with rotator cuff 
tendinopathy are often prescribed scapular retraction 
and upward rotation exercises to reduce posterior 
impingement of their cuff tendons during throwing 
(Chapter 24). 

2. Reduce the risk of injury or re-injury by improving 
strength, balance, coordination and/or sensorimotor 
control. For example, patients recovering from 
anterior cruciate ligament injury are prescribed a 
wide range of neuromuscular exercises throughout 
the entire rehabilitation process to optimise their 
functional outcome and reduce the risk of re-injury 
(Chapter 35). 

There are no definitive guidelines for the dosage 
of motor control training. However, neuromuscular 
'perturbation' programs performed three times per 
week over a period of 3-4 weeks have been shown to 
alter motor control patterns in uninjured48 and ACL
injured athletes,49 and to improve ACL rehabilitation 
outcomes.50 Similarly, training programmes aiming to 
improve neuromuscular control during standing, cutting, 
jumping and landing have been shown to prevent injuries 
in female handball and football players when performed 
for 15 minutes, three times per week (Chapter 12).51 • 52 

As for all types of skill acquisition, regular high-quality 
practice is necessary to learn and engrain new motor 
patterns. 

PRACTICE PEARL 

Effective motor control training programmes 

focus on movement quality and are sport-specific. 

Athletes need to concentrate hard throughout 

the training session and should understand what 

they are trying to achieve and why it is important. 

When introducing a new exercise, the clinician 

should provide a lot of feedback; however, athletes 

should always be encouraged to assess their own 

performance. 

Motor control trammg programmes should target 
specific deficits identified during the clinical assessment. 
Complex movements should first be broken down into 
separate components, before the whole task is trained. As 
pain (or the distraction caused by pain) may interfere with 
the normal neuroplastic changes that occur with skill 
training,53 motor-control training should be pain-free. 
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Exercise-induced hypoalgesia 
In addition to stimulating local repair and remodelling 
and altering biomechanics, clinicians may prescribe 
therapeutic exercise due to its hypoalgesic effects. 
There is a large body of evidence demonstrating that in 
healthy adults and a range of patient populations, exercise 
attenuates experimentally-induced pain.54 This is achieved 
by elevating pain thresholds and pain tolerance, as well as 
by reducing pain intensities during and after exercise.55• 56 

Exercise-induced hypoalgesia is likely to be caused 
by a combination of factors, including the release of 
endogenous opioids and other non-opioid substances 
affecting pain perception such as endocannabinoids, 
serotonin and norepinephrine (noradrenaline),56• 57 as well 
as activation of spinal or supraspinal mechanisms of pain 
. h.b. . sa s9 o·fli m I mon. · 1 erent exercise parameters may alter 
the predominant mechanism.56· 60 

Exercise type and dose to 
maximise hypoalgesia 
Aerobic exercise, isometric muscle contractions and 
traditional resistance training have all been shown to reduce 
pain, with isometric exercise having the largest effect.54 

Although a recent meta-analysis was unable to calculate 
the exact dosage required to maximise exercise-induced 
analgesia, the dose-response relationship favours moderate 
to high intensities for both aerobic and isometric exercise.54 

Current recommendations, therefore, are that aerobic 
exercise be performed at intensities above 75% of maximal 
aerobic capacity (VO2max) for at least 10 minutes,54 and 
isometric contractions should be above 50% of maximum 
voluntary contraction (MVC) held for long durations or until 
task failure.61•62 Recent studies of athletes with patellar tendi
nopathy have found that five 45-second isometric 
contractions at 70% of MVC with two minutes' rest 
between contractions significantly reduced pain for at 
least 45 minutes after training.63 Based on these findings, 
isometric training is currently recommended in the early 
management oftendinopathy (Chapter 4). 

In certain groups of patients with generalised chronic 
pain such as fibromyalgia syndrome, vigorous-intensity 
exercise has been shown to increase pain. However, low
to moderate-intensity aerobic and isometric exercise has 
an effective hypoalgesic effect in this group.54 

PRACTICE PEARL 

As the hypoalgesic effects of exercise are transient, 

regular exercise is necessary to reduce pain 

effectively. For example, isometric contractions for 

the treatment of painful tendinopathy should be 

performed several times every day. 



ACUTE INJURY MANAGEMENT 
Acute soft tissue injury causes an immediate inflammatory 
response that manifests clinically as pain, redness, swelling 
and loss of function. Inflammation is an essential process 
that initiates tissue regeneration and repair. However, 
excessive bleeding and oedema can delay recovery 
and may cause secondary ischaemic damage to nearby 
tissues.64 The goal of acute injury management, therefore, 
is to prevent excessive bleeding and oedema, reduce pain 
and promote faster return to function. 

The principles of acute injury management are based 
largely on expert opinion and laboratory studies (level 4-5 
evidence), and there are few randomised controlled trials 
upon which to base recommendations.65• 66 Traditionally, 
treatment is guided by one of the most commonly known 
acronyms in sports medicine: PRICE (Protection, Rest, Ice, 
Compression and Elevation). Recently, however, a call has 
been made to change the acronym to POLICE:67 

P Protection 
OL Optimal loading 
I Ice 
C Compression 
E Elevation 

Protection 
A brief period of complete immobilisation is necessary to 
prevent excessive distention at the injury site, reduce the 
size of the haematoma and thus minimise the size of the 
connective tissue scar.68 During this period, the clinician 
may consider the use of casts, splints or rigid braces to 
protect the injured body part, as well as crutches for 
severe lower-limb injuries. 

Although protection is important in the period 
immediately following trauma, prolonged immobilisation 
has a detrimental effect on healing in a range of soft 
tissues, including ligament, tendon and muscle.68-71 

Immobilisation also affects surrounding structures, 
leading to joint stiffness, degenerative changes in articular 
cartilage, osteopenia, muscle atrophy and loss of strength. 
It is therefore important that tissues remain completely 
unloaded for as short a period as possible. This will vary 
depending on the extent and nature of the injury and 
the tissue involved. For most muscle injuries, two days 
is sufficient before the forming scar has adequate tensile 
strength to withstand gentle stress.24 Severe ligament 
sprains (grades II and III) may require up to ten days of 
immobilisation before the patient can begin controlled 
loading.72• 73 

Optimal loading 
Optimal loading replaces resr in the acute management 
acronym due to concerns that the word resr may 
encourage an overly conservative approach that fails 

to harness the benefits of early tissue loading through 
exercise.67• 74 

In comparison to immobilisation, early loading has been 
shown to have a range of beneficial strength, morphological 
and functional effects on regenerating tissue, and on the 
wider neuromusculoskeletal system.67· 75 For example, early 
mobilisation of lateral ankle sprains has been shown to 
improve subjective function, patient satisfaction, swelling, 
and return to activity, work and sports participation (level 1 
evidence).76· 77 Basic science studies also support early 
loading compared to immobilisation for a range of soft tissue 
injuries.68-71 For example, early mobilisation of muscle injuries 
improves capillarisation and muscle fibre regeneration, and 
leads to a more parallel orientation of the regenerating 
myofibres compared to immobilisation (Fig. 17.6).68 Muscle 
injuries demonstrate persisting weakness when treated 
with prolonged immobilisation (Fig. 17.7).68 

A major challenge facing the clinician is to determine 
the 'optimal' loading for each individual at each phase 
of healing. This should be driven by the tissue type and 
pathological presentation, as well as the tissue adaptation 
required; for example, increased tensile strength, collagen 
reorganisation, increased muscle-tendon unit stiffness or 
neural reorganisation.74 

The clinician needs to consider a range of variables 
when attempting to achieve optimal loading, such as the 
magnitude, duration, frequency, direction, intensity and 
direction of load. Manipulation of these variables will 
not only affect local tissue healing processes, but also 
stimulate central nervous system adaptations leading to 
improved motor learning and movement efficiency. 

Variable loading offers a range of potential benefits. 
First, small variations in the magnitude, direction and rate 
of loading may provide injured tissues with a degree of 
stress shielding from overload. Second, load variability 

(b) 

Figure 17.6 Muscle injury treated with (a) immobilisation 

and (b) early mobilisation. ADAPTED FROM JARVINEN ET AL.68 
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Figure 17.7 Strength improvements in rat skeletal muscle 
injuries treated with a progressive exercise protocol after two 
days of immobilisation (shown in green) and in injuries treated 
with the same protocol after 21 days of immobilisation (shown 
in red). Note that strength did not naturally return during the 
immobilisation period. ADAPTED FROM JARVINEN ET AL.68 

may provide a better mechanotransductive effect through 
broader stimulation of mechanoreceptors and prevention 
of accommodation. Finally, variable tensile, compressive 
and torsional forces may promote the creation of a 
stronger biological scaffold that is better able to withstand 
a range of loading types.74 

The characteristics of optimal and suboptimal loading 
are outlined in Table 17.1. 

Ice 
Ice (or other forms of cryotherapy) is one of the most 
common treatment modalities used in the initial 
management of acute musculoskeletal injuries.65 

Cryotherapy aims to decrease oedema through vasocon
striction and reduce secondary hypoxic injury by lowering 
the metabolic demand of injured tissues.65• 68 Local analgesia 
is thought to occur when the skin temperature drops below 
15°C because of decreasing nerve conduction velocity.78• 79 

Table 17.1 Characteristics of optimal and suboptimal loading74 

Directed to appropriate tissues 

Loading through functional ranges 

Appropriate blend of compressive, tensile and shear loading 

Variability in magnitude, direction, duration and intensity 

Include neural overload 

Tailored to individual characteristics 

Functional 

Reproduced with permission from British Journal o f Sports Medicine 
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Laboratory studies show that cooling injured tissue to 
between 5°C and 15°C reduces cellular metabolism, white 
blood cell activity, necrosis and apoptosis.64• 80 However, 
this amount of cooling is difficult to achieve in practice, 
with human studies showing that intensive cooling leads 
to tissue temperatures of between 21°C and 25°C. The 
actual metabolic effects of cryotherapy may therefore be 
questionable, particularly for deep injuries or in patients 
with higher levels of adipose tissue.80 

Nevertheless, the analgesic effects of cryotherapy are 
well established and icing remains a part of current acute 
injury management guidelines.8 1 Ice is typically applied 
for 20 minutes every two hours for the first 48-72 hours 
following injury. Intermittent application- for example, 
10 minutes on, 10 minutes off- may enhance analgesia and 
reduce the risk of adverse reactions such as skin burns 
and nerve damage.78• 8 1 Ice should not be applied where 
local tissue circulation is impaired (e.g. in Raynaud's 
phenomenon or peripheral vascular disease), or to patients 
who suffer from a cold allergy. 

Although there are many commercial cryotherapy 
products available, in most situations a plastic bag containing 
crushed ice and water remains the modality of choice.82 A 
wet towel should be placed between the ice pack and the 
skin. Cryotherapy modalities are summarised in Table 17.2. 

Compression 
Compression is often used following acute soft tissue 
injury in order to increase pressure gradients in the venous 
and lymphatic systems, thereby counteracting oedema. 
Combining compression with ice may also help reduce 
tissue temperatures.83 Although there are a number of 
specific products commercially available, such as cold 
compression wraps and devices, a standard elastic bandage 
is a cheap, versatile and effective solution. Compression 
can be focussed on certain tissues by applying ice packs 
underneath the elastic bandage. Similarly, pressure peaks 

Non-specific general ised load ing 

Loading through limited ranges of movement 

Loading exclusively in a single manner 

Constant, unid irectional load 

Minimal neural stimulus 

Generic, non-individualised 

Non-functional, isolated segmental loading 



Table 17.2 Cryotherapy modalities used to treat sports injuries 

Reusable cold Durable plastic packs Apply a towel :-:; 1 5°c (59°F) 20-30 min No Inexpensive 

packs containing silica gel that between the bag 

are available in many and skin to avoid 

sizes and shapes nerve damage or 

frostbite 

Endothermal Packets are squeezed Single use only 20°c (68°F) 15-20 min No Expensive 

cold packs or crushed to activate: 

convenient for 

emergency use 

Crushed ice Crushed ice moulds Apply a towel o·c (32°F) 5-15 min No Inexpensive 

bags easily to body parts between the bag 

and skin to avoid 

nerve damage or 

frostbite 

Vapocoo lant Easily portable therapy Intermittently Varies depending on Multiple Spray < 6 sec Expens ive 

sprays for regional myofascial spray the area for duration of treatment brief sprays and stretch to 

pain syndrome, acute <6 sec to avoid increase range 

injuries, pain relief, and in frostbite of motion 

rehabilitation with spray 

and stretch techniques 

Ice water An athlete's body Carries the o·c (32°F) 5-10 min Allows Inexpensive 

immersion part is submerged in most risk of motion of 

cold water hypersensitivity the extremity 

reactions; during 

restrict amount treatment 

of extremity 

immersion 

Ice massage Used to produce Apply for short o·c (32°F) 5-10 min Can allow Inexpensive 

analgesia: freeze water intervals to avoid supervised, 

in a foam cup, then peel frostbite ; avoid gentle, 

back cup to expose the excess pressure stretching 

ice; massage area as during 

often as needed analgesia 

Refrigerant When cold and Avoid excess 10-25•c (50-77°F) Depends on No Expensive 

inflatable compression are needed compression temperature 

bladders 

Thermal To provide constant Scrutinise 10-25•c (50-77°F) Depends on No Expensive 

cooling temperature, such as temperature temperature 

blankets after surgery settings 

Contrast baths Transition treatment Do not use in Hot bath 4 min hot, Allows Inexpensive 

between cold and heat acute setting due 40.5°C (105°F) 1 min cold motion of 

for a subacute injury, to potential to Cold bath the extremity 

sympathetic mediated increase blood 15.5°C(60°F) during 

pain, stiff joints flow treatment 

Reproduced with permission from British Journal of Sports Medicine 
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Figure 17.8 Applying compression to a lateral ankle sprain: 

horseshoe-shaped felt around the ankle malleolus may help 

distribute compression pressures more evenly 

around bony prominences can be avoided by applying felt 
or other material to fill gaps (Fig. 17.8). 

Despite a lack of consensus on the optimal compression 
pressures, there is some evidence that high pressures 
(80 mmHg) are ineffective.8 1 Standard protocols often 
recommend light to moderate pressures of 15-35 mmHg. 
Bandaging should start just distal to the injury site, with 
each layer of bandage overlapping the underlying layer 
by one-half It should extend to at least a hand's breadth 
proximal to the injury margin. 

Elevation 
The rationale for elevation stems from the fundamental 
principles of physiology and traumatology. Elevation of 
an injured extremity above the level of the heart results 
in a decrease in hydrostatic pressure and, subsequently, 
reduces the accumulation of interstitial fluid. 24 Elevation 
can be achieved by using a sling for upper limb injuries 
and by resting lower limbs on a chair, pillows or bucket. 
It is important to ensure that the lower limb is above 
the level of the pelvis. A graduated return to standing 
after elevation is likely to minimise rebound swelling and 
discomfort.8 1 

Do no HARM! 
In the 72 hours following injury, HARM-ful factors should 
be avoided: 
H Hear and hear rubs 

Heat may increase the bleeding at the injured site. Avoid 
hot baths, showers, saunas, heat packs and heat rubs. 

A Alcohol 
A moderate consumption of alcohol after eccentric
based leg exercises has shown to significantly increase 
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the loss of dynamic and static quadricep strength.84 

Alcohol may mask pain and severity of injury and 
therefore increase the risk of re-injury.85 To minimise 
exercise-related losses in muscle function and to 
accelerate recovery, avoidance of alcohol post injury 
is paramount. 

R Running/moderate accivicy 
Running or any form of moderate activity can cause 
further damage at the injury site. 

M Massage/vigorous sofc cissue cherapy 
Vigorous massage should be avoided in the first 
24-48 hours. It could cause further bleeding and 
swelling to the injury site. 

MANUAL TREATMENTS 
In this section, we refer to 'hands-on' treatments, 
including techniques targeting joints (mobilisation and 
manipulation), soft tissues (massage/myofascial release 
techniques) and nerves (neurodynamic techniques). 
There is a substantial body of evidence demonstrating 
immediate effects of manual treatments, such as altered 
pain sensation, muscle activation and joint range of 
motion.86-91 However, these effects are unlikely to be 
maintained over time, or to change the natural history 
of a disorder. Therefore, clinicians should regard manual 
treatments as an adjunct to addressing the underlying 
causes of injury. 

Manual treatments are typically directed at specific 
tissues or structures identified as being abnormal on 
physical examination, such as stiff joints, tight muscles or 
restricted nerves (Chapter 15). Traditionally, the rationale 
for using manual treatments is their proposed local 
biomechanical and physiological effects; for example, to 
reduce joint stiffness, increase intramuscular temperature 
and circulation, or break up adhesions in connective 
tissue. However, the following factors suggest that local 
tissue changes are unlikely to explain the clinical benefits 
of manual treatments: 

• Spinal manipulations are only associated with transient 
increase in joint mobility; there is no evidence of 
lasting changes in mobility92 or joint position.93 

• There is no evidence that massage affects passive or 
active muscle stiffness, and the effect on global range 
of motion and muscle blood flow is marginal.94 

• Clinical methods for assessing joint position, joint 
motion and soft tissue qualities have poor reliability.95-98 

Different clinicians are therefore unlikely to agree upon 
which structures require treatment. 

• The effect of manual treatments may be distant 
from the area treated. For example, treatment of the 
thoracic and cervical spine may affect lateral elbow 
pain (Chapter 25).99· 100 



The actual mechanism of manual treatment is thought 
to be a complex neurophysiological response from the 
peripheral and central nervous system, initiated by a 
local biomechanical stimulus.95 Mechanical stimulation 
of afferent neurones located in skin, joints and muscle 
can activate a number of responses such as pain 
inhibition86• 101- 103 and neuromuscular inhibition or faci
litation. 100- 104- 106 Manual treatments also have been shown 
to have autonomic, 107- 109 endocrine, 110· 111 immunologic 11 2 

and psychological effects, 11 3 which may further explain 
their potential clinical efficacy. 

Joint techniques: mobilisation 
and manipulation 
There are a number of different philosophical approaches 
towards manual treatment of joints, such as those of Cyriax, 
Kaltenborn, Maitland, McKenzie and Mulligan.114- 117 Each 
philosophy differs in its approach to patient assessment 
and in their justification for treatment selection. The 
Cyriax and Kaltenborn approaches, for example, base their 
examination and treatment selection on arthrokinematic 
and biomechanical theories such as capsular patterns, 
coupled motions and concave-convex rules. In contrast, 
the Maitland, McKenzie and Mulligan approaches place 
more emphasis on patient response during assessment and 
treatment (symptom provocation and resolution) rather 
than rigid biomechanical theories.118 

Irrespective of the clinical reasoning paradigm, the most 
common manual techniques applied to joints include 
mobilisations and manipulations. Mobilisations are rhythmic, 
low-velocity, oscillatory movement techniques applied to 
spinal or peripheral joints. They are usually passive techniques 
performed within the patient's tolerance (Fig. 17.9) and may 
involve physiological joint motion (movements that patients 
could perform themselves) and/or accessory motions 
(movements that patients cannot actively control, such as 
distraction, compression, sliding, spinning and rolling). 

The aim of mobilisation is often to restore full , pain
free range of motion to a joint found to be stiff or painful 
on clinical examination. Treatment parameters such as 
the location, direction and magnitude of applied force, 
and the duration of loading, will vary based on patient 

Table 17.3 Maitland's grades of mobilisation 117 

. -. - - . 

-
A 

II 

III 

B -IV 

Figure 17.9 Grades of mobilisation: (a) beginning of range 

of movement; (b) end of range of movement 

presentation, clinical examination findings and response 
to treatment. In general, however, highly irritable joints 
should initially be treated with low-grade mobilisations 
(grades 1-11, see Table 17.3), whereas higher grades (III-IV) 
can be used for stiff, non-irritable joints. 

Mobilisations may also be combined with active 
movements (mobilisation with movement, see Fig. 17.10), 
and in some cases patients may be able to perform 
mobilisations themselves (self-mobilisation, see Fig. 17.11). 

Joint manipulations are high-velocity thrust techniques 
exerted at the end of joint range, using either a long or 
a short lever arm. Long-lever techniques move many 
joints simultaneously, such as rotatory manipulations of 
the cervical spine. Short-lever techniques involve a low
amplitude thrust aimed at a specific joint or spinal segment. 
This is achieved through careful positioning of the patient, 
using arthrokinematic principles to isolate movement in 
the target joint and 'lock' surrounding joints. Manipulation 
differs from mobilisation due to the velocity of the 
technique; patients can theoretically prevent the movement 
during mobilisation but with manipulation they cannot. 

Manipulations are usually associated with an audible 
'pop' sound, which is thought to be caused by an event 
called cavitation (Fig 17.12). This refers to the formation of 
bubbles (or cavities) within synovial fluid due to reductions 
in hydrostatic joint pressure. Cavitation is traditionally 
viewed as the sign of a successful manipulation. 119 

However, a number of studies have shown that there is 
little association between an audible pop and the clinical 
outcomes of spinal manipulation techniques. 120- 123 

Safety of manipulation techniques 
Manipulation has been associated with a variety of 
adverse effects, ranging from minor short-term reactions 

Small amplitude movement performed at the beginning of range 

111 

IV 

Large amplitude movement performed with in the free range but not moving into any resistance or stiffness 

Large amplitude movement performed up to the limit of range 

Smal l amplitude movement performed at the limit of range 

Reproduced with permission of Elsevier 
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Figure 17.10 Mobilisation with movement technique for 

ankle dorsiflexion 

Figure 17.11 Self-mobilisation of cervical rotation 

such as headache, stiffness and local discomfort, to severe 
catastrophic events including stroke and death. Minor 
reactions can be surprisingly common, with one study 
finding that more than 60% of patients experienced a mild 
adverse reaction in the 24 hours after receiving a spinal 
manipulation. 124 While a vast majority of side effects are 
benign, self-limiting problems, clinicians should inform 
patients of their likelihood prior to treatment. 

Fortunately, severe injuries caused by spinal manip
ulations are extremely rare. While the actual risk is 
unknown, estimates range from one case in fifty thousand 
manipulations to one in five million. 124 A majority of 
catastrophic injuries caused by cervical spine manipulation 
are due to the proximity of the vertebral artery to the 
lateral vertebral joints. However, thoracic and lumbar 
spine manipulations may also cause serious injury, such as 
rib fractures and cauda-equina syndrome. 125- 128 
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A B C D E 

Figure 17.12 The principle of cavitation explains the audible 

popping sound made during joint manipulation (a) During 

separation of the joint surfaces, the outer regions of the 

circular contact zone become pointed. This deformation 

occurs because at high speeds, the central region of the 

contact zone separates before the outer region moves, 

creating a circular rim (b) Joint surfaces snap back at the 

circular rim where the cavity initially forms, forming small 

bubbles (c) Small bubbles collect to form a single large 

bubble (d) The newly formed spherical bubble reaches 

its maximum size (e) Because of its instability, the single 
bubble collapses to form a 'cloud' of many smaller bubbles 

(demonstrable by radiography as a radiolucent region), 

which later shrink as the gas and vapour dissolve. IMAGE 

ADAPTED, FROM EVANS."9 

Manipulations should only be performed by practitioners 
with formal training in manipulative skills. Cervical artery 
function should be tested prior to manipulation of the 
cervical spine (see Chapter 23), and short-lever techniques 
should be used in preference to long-lever techniques. 

Clinicians also need to be aware of the contraindications 
to the use of mobilisation and manipulation techniques 
(Table 17.4). 118 

Soft tissue therapy 
with ROBERT GRANTER 

Direct treatment of soft tissues, using hands or treatment 
tools, to treat specific pain or injury is commonly referred 
to as soft tissue (or massage) therapy (see Chapter 13 for 
the use of soft tissue massage techniques in post-exercise 
recovery). As with other manual treatments, soft tissue 
therapy is traditionally directed at subjective clinical 
examination findings such as reduced quantity and quality 
of joint movement, muscles with increased tone, soft tissue 
thickening, or muscles containing taut, sensitive bands 
that may refer pain in distinct patterns, often referred to as 
myofascial trigger points (Chapter 4). 

This section provides an overview of several key 
techniques that clinicians can use to treat muscular pain, 
and alert the reader to some self-treatment options. 

Treatment position 
For successful soft tissue therapy, the clinician should place 
the target tissue in a position of either tension or laxity. 



Table 17.4 Absolute and relative contraindications for mobilisation and manipulation techniques 

Malignancy or tumour in the targeted region 

Cauda equina lesion producing bladder or bowel disturbance 

Fractures 

Local bony infection (e.g. osteomyelitis, tuberculosis) 

Systemic disturbance 

Rheumatoid collagen necrosis 

Unstable upper cervical spine 

Signs of coronary or vertebral artery dysfunction 

Practitioner lack of ability 

Spondylolisthesis (symptomatic) 

Gross foraminal encroachment 

Children/adolescents with open epiphyseal plates 

Pregnancy (last trimester) 

Joint fusions 

Psychogenic disorders 

Immediately postpartum 

Mobilisation Manipulation 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

Relative contraindications-possibility of deleterious consequences 

Active inflammatory conditions 

Significant segmental stiffness 

Systemic diseases 

Neurological deterioration 

Irritability 

Osteoporosis 

Condition worsening with present treatment 

Acute radiculopathy 

History and examination do not add up 

Use of oral contraceptives (cervical spine) 

Long-term corticosteroid use (cervical spine) 

Blood clotting disorder 

Treating soft tissue in an elongated posmon can make 
focal sites of abnormality more easily palpable, and may 
enhance referral patterns from myofascial trigger points. 
Treating in a position of laxity enhances the ability to 
access and assess deeper layers of soft tissue. 

Mobilisation Manipulation 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

Digital ischaemic pressure 
Digital ischaemic pressure describes the application of 
direct pressure perpendicular to the skin towards the 
centre of a muscle with sufficient pressure to evoke a 
temporary ischaemic reaction (Fig. 17 .13 ). 

253 



(a) 

Figure 17.13 (a) Digital ischaemic pressure to the 

infraspinatus trigger point using the clinician's thumb 

(b) Digital ischaemic pressure to the gluteus medius trigger 
point using the clinician's elbow 

The aims of this technique are to stimulate the 
mechanoreceptors within muscle and fascia to reduce 
resting muscle tone, to provide an analgesic response 
in soft tissue by eliciting a release of pain-mediating 
substances, and to deactivate symptomatic trigger points 
which may optimise muscle activation patterns.129 

The clinician can apply digital ischaemic pressure using 
the thumb (Fig. l 7.13a), elbow (Fig. 17.13b) or a hand-held 
device such as a T-shaped bar. 

Sustained myofascial tension 
Sustained myofascial tension is performed by applying a 
tensile force with the thumb, braced digits, or forearm 
(Fig. 17.14) to an assessed site of fascia! thickening 
or reduced fascia! glide in the direction of greatest 
restriction, or in the direction of elongation necessary 
for normal function. Tension is developed in the tissue 
by application of compression to the appropriate fascia! 
layer, then moving the thumb, braced digit or forearm 
through the target tissue to impart a shear force. Greater 
shear force can be imparted using passive through
range movement or active movement in the direction 
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(b) 

of assessed restriction in conjunction with the local 
tissue contact. 

Friction 
Friction massage is applied selectively to a localised area 
palpated as an abnormal tissue thickening; for example, 
due to excessive intramuscular scar formation following 
acute muscle injury. It is essential to assess pain and 
restrictions in muscle length and/or neural mobility 
before, during and at the end of each treatment session to 
monitor its effectiveness. 

Sufficient pressure must be applied so that the 
clinician's finger/thumb and the patient's skin move as 
one, and the friction must work deeply enough and be 
of sufficient sweep to impart a friction movement to 
the target tissue. The friction is normally applied at 90° 
(perpendicular) or at 45° to the target structure, and must 
be applied at a level that maintains contact with the target 
tissue and is within the patient's pain tolerance. 

It is vital to ensure that the region being treated is 
totally relaxed. Pressure should be increased gradually 
to reach the required treatment level within the 



Figure 17.14 Sustained myofascial tension 

patient's pain tolerance. Ice can be applied to the region 
post-treatment in a position of pain-free stretch for 
5- 10 minutes, particularly for the initial application, to 
minimise post-treatment tenderness. 

Depth of treatment 
Gramer and King developed a grading system for depth of 
soft tissue therapy as a guide for clinicians and researchers 
to adopt consistency in describing treatment dosage 
(Table 17.5). 

The scale of treatment depth is based on two factors: 
first, the patient's perceived level of pain during the 
treatment (grade I-IV); and second, the clinician's sense of 
soft tissue resistance to palpation (A-C). 

Combination treatment 
If soft tissue techniques are aimed at restoring joint range 
of motion, they can be followed by static, contract/ relax 
or dynamic stretching to maximise the effect. 

Table 17.5 Granter-King scale for grading the depth of 

soft tissue therapy 

Ill 

IV 

No pain perceived 

Commencement of pain 

Moderate level of pain 

Severe level of pain (seldom used) 

Resistance Clinician's perception of tissue 

grade (R) resistance 

No sense of base tissue resistance A 

B 

C 

Onset of base tissue resistance 

Moderate level of base tissue resistance 

Lubricants 
Many soft tissue techniques require a lubricant applied 
to the skin to aid both patient comfort and the clinician's 
ability to palpate the tissue for abnormalities. There should 
be sufficient lubricant particularly when palpating areas 
with large amounts of hair, as irritation of hair follicles 
may result in contact dermatitis. 

With techniques such as sustained myofascial tension, 
skin contact should be maximal. Therefore, no lubricant is 
required. As there are fewer repetitive movements used 
in this technique, there is less risk of irritation to hair 
follicles. 

Vacuum cupping 
The aim of vacuum cupping is to restore optimal length and 
mobility of soft tissues, with changes most likely achieved 
through neurophysiological responses. Oil is applied to 
the skin to contain the negative pressure created in the 
cup by a vacuum pump. Within the vacuum cup, the 
soft tissue is 'drawn' upwards in a unique perpendicular 
direction, thereby stretching the soft tissue in a regulated, 
sustained stretch. The cup contains a one-way valve that 
allows the pump to be removed. 

Cupping can cause significant capillary rupture and 
damage to the periosteum if used with excessive vacuum 
pressure or with incorrect placement. The skin colour 
should be monitored closely and the cup removed if the 
skin becomes more deeply rose-coloured than normal 
reactive hyperaemia. Generally, the longer a cup is left 
in sicu or the more vacuum force is applied, the more 
bruising can develop. This is unnecessary and can be 
avoided by diligent observation during application. The 
cup should not be applied to vulnerable regions of the 
body, such as cubital and popliteal fossae and soft tissue 
attachment sites to bone. 
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Self-treatment 
In recent years, there has been an increase in the 
popularity of using devices such as spiky balls, tennis 
balls and foam rollers for self-treatment of soft tissues (Fig. 
17.15). A number of studies have found that this approach 
leads to a short-term increase in range of motion, without 
any detriment in sports performance. 130- 133 Self-treatment 
may also be aimed at treating myofascial trigger points. 

Self-treatment can be undertaken daily and should 
not cause excessive or lasting pain that adversely affects 
training or increases symptoms. Typically, self-treatment 
involves the application of a sustained force to the 
identified sites, with a sustained pressure until tone/ 
tension reduces and pain or referred symptoms resolve. 
Functional re-assessment should be carried out after an 
initial trial period, for example 1-2 minutes, to ensure 
that positive changes are occurring. As initial presenting 
symptoms, soft tissue characteristics and patient responses 
vary, clinicians and patients need to individualise dosage 
in relation to time and repetitions to achieve optimal 
results. 

Dry needling 
The terms 'acupuncture' and 'dry needling' are often used 
interchangeably in sports medicine to describe treatments 
using thin monofilament needles without injectate. 134 

However, acupuncture denotes the use of the modality 

Figure 17.15 Self-treatment: treating the gluteus medius 

with a tennis ball 
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within a traditional Chinese medical paradigm, in which 
needles are used to unblock the flow of vital energy, 
'qi', along meridians or channels, 135 whereas dry needling 

implies the use of a modern biomedical paradigm. 
Dry needling is thought to have a range of neural and 

biochemical effects that can contribute to pain relief 135 

Insertion of needles stimulates free nerve endings, sensory 
receptors and autonomic fibres in skin, muscle and 
connective tissue. It also causes the release of a range of 
neuroactive mediators, including endogenous opioids, 
which can inhibit transmission of nociceptive signals in 
the peripheral and central nervous system and alter pain 
perception. 135· 136 Local tissue injury caused by needle 
insertion is also thought to cause 'positive' inflammatory 
and immune responses, which can contribute to 
analgesia.134• 135 

Dry needling is most commonly used to treat 
intramuscular trigger points, but techniques targeting 
joints, tendons, ligaments, bone and scar tissue are also 
described. 134 Trigger point techniques often aim to produce 
a local muscular twitch response, thought to be caused by 
stimulation of a spinal reflex loop.137 This has been linked to 
an immediate reduction in extracellular neurotransmitter 
concentration in muscle tissue surrounding a trigger 
point, 138 and a twitch response is anecdotally associated 
with an improved treatment effect. 139 

There is a vast amount of research on the effects of 
dry needling and acupuncture. However, interpretation 
of the literature is complicated by the wide variety 
of conditions treated, differing underlying treatment 
paradigms (traditional Chinese medicine versus a 
modern biomedical model), as well as a large variation 
in treatment protocols and methodological quality. It is 
particularly difficult to blind patients and clinicians in 
RCTs which is problematic as needling is associated with 
a potent placebo effect. 

Nevertheless, a substantial body of level 1 evidence 
suggests needling is more effective than placebo or sham 
treatments for a range of musculoskeletal conditions such 
as chronic lower back, neck and shoulder pain, chronic 
muscular pain, headache, and knee osteoarthritis. 140- 144 

Clinicians should consider the following points when 
using dry-needling techniques. 

• The patient is comfortably positioned with the target 
region well-supported. 

• The target tissue is clearly identified, a taut band 
is palpated within the muscle and symptoms are 
reproduced by palpation. This site is 'marked' by 
compressing a used guide-tube onto the skin above the 
identified site (Fig. 17. l 6a). 

• The correct equipment is prepared. Sterile, single-use 
needles must be used. Tubed needles are recommended 



to expedite placement and reduce the risk of touching 
the needle shaft. Cotton swabs and a sharps container 
should be within easy reach. 

• A hygiene protocol is followed. The patient's skin is 
cleaned and disinfected with an alcohol swab. The 
clinician should wash his or her hands and wear latex 
gloves (at least on the palpating hand most likely to be 
exposed to blood). 

(a) 

(b) 

Figure 17.16 Dry needling (a) A needle tube can be pressed 

into the skin to temporarily mark the injection site (b) The 

target muscle should be supported by one hand while 

the other hand focuses on accurate insertion of 

the needle 

• The target muscle is supported to maximise accurate 
needle penetration. For example, when treating the 
upper trapezius, the muscle should be held anteriorly 
and posteriorly between the fingers and thumbs of 
one hand while the other hand focuses on accurate 
insertion of the needle (Fig. 17.16b). 

• The needle and guide tube are placed perpendicular to 
the skin on the marked site and the needle is inserted 
with a short, sharp tap to the top of its handle. 

• The guide tube is removed and the needle is fully 
inserted to the appropriate depth by only touching the 
needle handle, never the shaft. 

• Various dry needling techniques can be utilised (see 
below). 

• The needle is removed and local compression is applied 
over the site via a cotton swab for approximately 
30 seconds. 

• The joints associated with the muscle treated should 
be moved passively through their full comfortable 
range of motion after treatment. 

• Needles and equipment are disposed of by correct 
medical waste disposal protocols. 

The most commonly used dry needling technique 
involves inserting the needle into focal trigger points within 
a palpable taut band and leaving it in place for a few minutes. 
There is no clear consensus on the time left in situ- some 
authors have suggested time ranges from 10-30 minutes.134 

This will vary according to patients' experience with dry 
needling, as well as their emotional and physiological 
responses and the degree of presenting symptoms. 

Some clinicians also apply electrical stimulation 
to the inserted needles. However, there are no clear 
guidelines for treatment parameters and no evidence that 
electrostimulation improves the treatment effect. 

Alternatively, the clinician can insert the needle into 
the muscle and then repeatedly move the needle in and 
out (such that it still remains in the sub-dermal region), 
constantly trying to find specific points that reproduce 
the patent's local or referred pain, or produce a 'twitch' 
response. Initially, the needle may be 'grasped' by the 
muscle, followed by a gradual relaxation. 

Clinicians can apply needles to a number of trigger 
points during each treatment session. Usually, pain relief 
lasts 3-4 days after the first treatment session. The duration 
of the pain relief may be longer following subsequent 
sessions. Up to three or four treatments may be required 
initially to eliminate a trigger point, and no single trigger 
point should be needled more than twice in a week. 

Various research studies have compared dry needling to 
injection of local anaesthetic and various other substances. 
There is some evidence that dry needling can be just as 
effective. 145· 146 
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Risks of adverse events during dry needling 
The most common adverse effect associated with dry 
needling is soreness in the first 24 hours post treatment. 147 

Application of heat and stretching exercises may minimise 
this, 147 and aggressive treatment should be avoided until 
the patient's reaction to dry needling is known. High 
quality needles, which are sharper and thinner, may 
also reduce pain during and after treatment. If there is 
excessive resistance to needle removal, the needle should 
be removed more slowly. 

In patients unfamiliar with or apprehensive about dry 
needling, it is possible to induce an episode of vasovagal 
syncope. The risk of this occurring can be minimised 
by careful patient selection- it is especially important 
to identify those with needle phobias. Clinicians should 
avoid excessive stimulation of specific sites until the 
patient learns to tolerate this new treatment. The patient's 
response should be closely monitored during treatment, 
with constant communication to ensure patient comfort. 
If at any stage the patient becomes distressed with the 
treatment, needles should be removed. Contraindications 
to dry needling include bleeding disorders, active 
infection, blood-borne diseases, allergies to metal, unstable 
epilepsy and the third trimester of pregnancy. Additionally, 
extreme care should be taken when dry needling near the 
lungs as there is a risk of causing a pneumothorax. 

Neurodynamic techniques 
The nervous system needs to adapt to mechanical loads. 
II can do this through elongation, sliding, cross-section 
change, angulation and compression. 148 However, when 
the nervous system cannot cope under loads, it can lead 
to neural oedema, ischaemia, fibrosis and hypoxia- all 
of which can alter neurodynamics. 148 This change in 
neurodynamics may make a significant contribution 

These stretches are adaptations of the neural tension 
tests (Chapter 15). The two most commonly used neural 
stretches are adaptations of the upper limb tension test 
(Fig. 17.17a) and the slump test (Fig. 17.17b). 

A systematic review 148 evaluated the effectiveness 
of neural mobilisations and found that even though 
the identified studies did report positive effects, low 
methodological quality and limited number of studies 
suggest that currently there is limited evidence for their 
use. However, these stretches can often be helpful in 
the treatment of conditions in which neurodynamics are 

to the patient's symptoms and signs in certain injuries. (a) 

Unless these abnormalities are addressed in addition to 
other soft tissue abnormalities associated with the injury, 
full recovery as indicated by full pain-free range of motion 
may not occur. 

Neural tension was a term used in the past to 
describe peripheral nervous system dysfunction, but 
was thought to only address the mechanical aspects of 
the dysfunction. 148 Nowadays the term neurodynamics is 
employed to describe the biomechanical, physiological 
and structural dysfunction of the nervous system. 148 

Neural stretching (mobilisation) is a treatment modality 
that addresses neurodynamics. Neural stretches aim to 
restore dynamic balance of the nervous system. 148 Proposed 
benefits include facilitation of nerve gliding, decrease in 
nerve adherence, dispersion of noxious fluids, increased 
neural vascularity and improved axoplasmic flow.148 
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(b) 

Figure 17.17 Common neurodynamic techniques (a) Upper 

limb neurodynamics stretch test (b) Slump stretch 



abnormal, and variations of these tests may be used for 
both diagnosis and treatment. 

Clinicians should take particular care when considering 
neural mobilisation exercises for acute or irritable 
conditions, as they may aggravate the patient's symptoms. 
Stretches should always begin gently, and gradually 
increase under the close supervision of an experienced 
clinician. As with other methods of treatment, neural 
stretches alone are rarely sufficient to correct all 
abnormalities present. They can be particularly effective 
in long-standing, chronic conditions where neural hyper
sensitivity is common. 

TAPING 
with SAM BLANCHARD 

Taping was the third-most utilised intervention at the 
London 2012 Olympic Games polyclinic, 149 reflecting 
its current popularity as a treatment modality and injury 
prevention intervention. However, research into both the 
mechanisms and effects of taping is limited and marked 
by heterogeneous results, 150• 15 1 making it difficult for 
clinicians to draw firm evidence-based conclusions on its 
benefits and application. 

Proposed mechanisms of taping 
Taping is proposed to have a range of effects depending 
on the application method and the type of tape used. 
Traditionally, clinicians have applied rigid strapping tape 
in an attempt to restrict patients' range of motion or to 
alter their anatomical alignment; for example, to realign 
the patella within the femoral trochlea (Fig. 17.18). 152 

More recently, the use of flexible cloth tape, often referred 
to as kinesiology tape, has also gained popularity. 

Figure 17.18 Taping is often used to relieve 

patellofemoral pain 

Taping also appears to have a range of neurophysio
logical effects. 

• Cutaneous stimulation by tape may inhibit afferent 
nociceptive signals at the spinal level (pain-gate 
theory). 153 

• Tape application has been shown to alter brain 
activity in a variety of areas, including the motor 
cortex, sensory cortex, thalamus, basal ganglia and 
cerebellum. 154 This may have a wide range of effects, 
including improved proprioception 155 and motor 
coordination, and explain how taping influences factors 
such as muscle activation timing 156 and concentric/ 
eccentric control. 157 

• Restriction of the range and amplitude of joint 
motion may enable increased reaction time of 
surrounding musculature during high-velocity injury 
situations_ 1s o. i s 1 - 1s9 

• Patients' conscious and subconscious expectations 
of the effects of taping may relieve pain (i.e. placebo 
effect).153 Once thought to be a 'purely psychological' 
phenomenon, it is now considered to be at least partly 
caused by the secretion of endogenous opioids in 
response to treatment.58 

However, the proposed mechanisms of taping remain 
largely speculative or controversial. For example, tape 
intended to limit range of motion has been shown to 
loosen after 10-30 minutes, 160• 161 and recent systematic 
reviews disagree on whether patellofemoral joint 
taping influences VMO onset timing and knee extensor 
moments. 156· 162 Research in this area is ongoing. 

Evidence of efficacy 
Although taping is used for a wide range of conditions 
across the body, high-level evidence of its efficacy is scant. 
The available evidence is of varying quality- one of the 
main challenges when studying taping is the inability to 
blind patients or practitioners. 156• 166 

Patellofemoral pain 
A number of systematic reviews have investigated the 
use of patellar realignment taping (often referred to as 
McConnell taping- see Chapter 36) in patients with 
patellofemoral pain syndrome. 156• 166· 167 Although their 
results are somewhat conflicting, there is moderate 
evidence that taping provides an immediate reduction 
in pain, 156· 167 particularly when an individualised taping 
technique is used.156 However, its benefit seems to 
be limited to the short term, and prolonged use is not 
supported. The effect ofkinesiology tape on patellofemoral 
pain remains unclear; one randomised crossover trial found 
that McConnell and kinesiology taping were equally 
effective in immediately reducing pain, 168 whereas two 
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Kinesiology tape: valuable tool for athletes or fashion statement? 

Kinesiology tape has gained considerable popularity in recent 

years, as demonstrated by the large number of athletes 

using it at the Olympic Games and other major sporting 

events (Fig. 17.19). The approach was developed in Japan 

in the 1970s and is claimed to permit unrestricted range of 

movement while supporting the fasc ia, muscles and joints.163 

Kinesiology tape has been proposed to improve pain and 

blood flow via dermal lifting, which decreases the pressure 

on cutaneous nerve receptors and capillaries, decreasing 

nociceptive input and increasing afferent feedback. 163 

However, these effects last less than 24 hours and may 

be trivial, and the actual benefits for injured athletes are 

yet to be established in high-quality studies.164 The use of 

kinesiology tape remains controversial among clinicians, with 

some even claiming it may provide a psychological crutch for 

athletes. 165 

randomised controlled trials found kinesiology tape was 
ineffective in reducing pain.169· 170 

Ankle sprains 
Three studies have suggested that taping is effective in 
prevention of ankle sprains.171-173 However, the highest
quality prevention research has focussed on the effects of 
rigid or semi-rigid prefabricated braces, and it is unclear 
whether taping is equally effective.174 Irrespective of the 
form of support used, any preventive effect of taping and 
bracing seems to be limited to athletes with a history of 
ankle sprain. As the risk of re-injury is increased sevenfold 
in the year following an initial sprain, 174 taping or bracing 
could be used in that time (Chapter 12). 

Other conditions 
There is some evidence that taping may be effective in 
treating pain and strength with lateral epicondylalgia, 175 

de Quervain's tenosynovitis, 176 plantar fasciopathy 
pain1s3. 177. 178 and shoulder pain_ 1s3. 163, 179 However, 

many of these studies are of low quality with a moderate 
to high risk of publication bias. These conditions are 
covered in Part B. 

Practical considerations 
In practice, taping is applied across a far wider range of 
conditions than there exists evidence for, and should be 
considered just as much an art as a science.174 Clinicians 
should consider not only the available literature, but also the 
diagnosis, the scenario (e.g. competition, acute management, 
rehabilitation), and the patient's preference and expectations. 
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Figure 17.19 Kinesiology tape has gained popularity among 

athletes in recent years (note player on left, tape on knee 

and thigh) IMAGE COURTESY OF ROCKTAPE UK 

We recommend the use of a trial-and-error approach. A 
'treatment direction test', first proposed by Professor Bill 
Vicenzino for the prescription of orthotic insoles, 180 can be 
applied whenever tape is used to relieve pain. In order for 
the intervention to be judged worthwhile, it should lead 
to a substantial reduction in symptoms (at least 50% on 
a visual analogue scale) during a relevant functional task. 

Much like any exercise program should be progressive, 
the use of taping should be gradually reduced over time.72 

When taping is successful in alleviating a chronic condition 
such as patellofemoral pain, clinicians should make a plan 
to wean the patient off the use of tape to avoid creating 
a dependence on a passive treatment. Following an acute 
injury, taping may provide immediate pain relief and restrict 
excessive movement.181 Controlled stress (optimal loading) 
can then be facilitated by gradually reducing the amount of 
support taping provides over subsequent days and weeks. 

PRACTICE PEARL 

For long-term application of tape, consider teaching 

the athlete to tape him- or herself. This will increase 

the sense of control over his or her own management, 

decrease dependency on the clinician and save 

valuable time in a busy treatment clinic. 

In order to protect the patient's skin from irritation, 
hypoallergenic tape can be applied under rigid sports tape. 
This is particularly important when tape containing zinc 



oxide is used for longer durations. In some situations, such 
as prophylactic ankle taping, pre-wrap may be applied 
under the tape. This does not alter the amount of motion 
restriction, the time to maximum range or the velocity of 
range; 159 however, it may reduce the cutaneous stimulus. 

PRACTICE PEARL 

Where possible, new taping techniques should be 

introduced to athletes in a controlled environment 

prior to competition. 

Despite the limited and conflicting evidence base, 
taping continues to play an important role in clinical 
sports medicine practice. Clinicians should consider the 
available literature, retain a healthy scepticism towards 
commercial claims and trends, and take a trial-and-error 
approach. Clinical experience and athlete preference 
should not be discredited. 

ELECTROPHYSICAL AGENTS 
with NICK GARDINER, ADAM GLEDHILL, LAWRENCE 

MAYHEW and VASILEIOS KORAKAKIS 

Electrophysical agents (electrotherapy) have been used 
to treat musculoskeletal conditions for over 70 years. 182 

Although their popularity appears to be waning in 
favour of active treatments, traditional modalities such as 
ultrasound and interferential stimulation, and newer ones 
such as extracorporeal shockwave therapy remain highly 
used in clinical practice. In this section, we review the 
proposed mechanisms and evidence of effect of the most 
common electrophysical agents currently used in sports 
medicine. 

The decision of whether to use electrotherapy will 
be individual and influenced by factors such as time 
and resource availability, patient expectation and 
clinician preference. However, it should be stressed that 
electrophysical agents should never be used in isolation. 
If they are to be used at all, it should be as an adjunct to 
other forms of treatment, advice and education. 

Therapeutic ultrasound 
Therapeutic ultrasound has traditionally played a large 
role in physiotherapy practice around the world, 183-

188 and remains a popular treatment modality among 
physiotherapists and other health professionals such as 
osteopaths, chiropractors and sports therapists. 183• 189 

A range of proposed effects of ultrasound form 
the biological rationale for its therapeutic use. These 
include thermal effects such as increased local blood 
flow, metabolic activity and collagen extensibility, 

as well as non-thermal effects such as stimulation of 
fibroblast activity, mast cell degranulation, growth factor 
production and angiogenesis. 190 Although these effects 
have largely only been demonstrated in vicro, 183· 190 

they are commonly cited to justify the clinical use of 
ultrasound to treat a wide variety of musculoskeletal 
conditions, with the belief that it can reduce pain, 
inflammation and oedema, and enhance scar tissue 
remodelling, tissue extensibility and soft tissue healing. 189 

Treatment is traditionally directed towards collagen-rich 
tissues such as ligament, tendon, fascia, joint capsule and 
scar tissue, as these are thought to absorb the greatest 
amount of energy. 183 

Despite the theoretical appeal of ultrasound, however, 
there is little high-quality evidence to support its clinical 
effectiveness. 182· 191• 192 For example, a recent systematic 
review of the effect of ultrasound on a range of lower-limb 
soft tissue conditions found that no placebo-controlled 
trials were able to demonstrate a significant difference 
between true and sham ultrasound therapy. 191 

Although some argue that this may be due to 
heterogeneous study populations, conditions treated 
and dosage parameters, 183 the current lack of research 
evidence supporting therapeutic ultrasound for soft tissue 
conditions should be taken into account by clinicians 
considering its use. 

Ultrasound as a stimulator of bone repair 
In recent years, ultrasound has been increasingly used in 
the treatment of acute bone fractures. Although this was 
traditionally thought to be contraindicated, recent meta
analyses suggest that daily administration of low-intensity 
pulsed ultrasound (LIPUS) can accelerate the healing of 
fractures by approximately 35%. 193- 195 

LIPUS appears to be most effective for conservatively 
managed diaphyseal fractures, reducing the time 
to clinical union by approximately 18 days. 195 The 
evidence is strongest for upper limb fractures, whereas 
it is conflicting for metaphyseal and operatively managed 
acute fractures. 193· 195 

LIPUS is typically applied for 20 minutes every day, 
which may be an excessive treatment regimen for 
many patients. However, in elite sports environments a 
faster return to training and competition might be very 
important. LIPUS may also be valuable in cases that fail 
conservative management (non-union) after bone-graft 
surgery is performed. 193 

Few studies have investigated LIPUS for the treatment 
of stress fractures; however, the available results are 
not encouraging196• 197 and its use cannot currently be 
recommended for this purpose. Similarly, there is currently 
no evidence that LIPUS is effective for soft tissue injuries. 
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Transcutaneous electrical 
nerve stimulation 
Transcutaneous electrical nerve stimulation (TENS) delivers 
biphasic electrical current with the use of electrodes 
applied to the skin. 198 There are several mechanisms by 
which TENS can provide short-term pain relief, including 
stimulation of opioid and noradrenergic receptors at the 
site of application, and opioid, serotonin and muscarinic 
receptors in the spinal cord and brainstem. 199 

Although there is no evidence that TENS improves 
long-term outcomes,200 it may play an adjunct role 
in pain management in certain patient groups. It is 
reported to provide effective short-term pain relief in 
patients with spinal cord injuries,2°1· 202 lumbar disc 
d . 203 d h . k 204 1sease, an c romc nee and lower back pain. 
There is currently little evidence to support its use for 
knee osteoarthritis198· 205 and it is not widely used in the 
athletic population. 

TENS can be used in combination with exercise and 
medication.201 · 206 Potential adverse effects include mild 
erythema and itching underneath the electrodes.206 

Neuromuscular stimulators 
Neuromuscular electrical stimulation (NMES) is purported 
to have a range of effects on healthy athletes, including 
enhanced recovery, improved sports performance and 
reduced muscle soreness. However, as discussed in 
Chapter 13, commercial claims regarding the benefits 
of NMES for athletes often go well beyond the existing 
evidence.207 In a clinical setting, NMES may be valuable 
to enhance muscle strengthening after a major injury such 
as anterior cruciate ligament rupture.208 

Traditionally, it has been thought that NMES improves 
muscle performance because it reverses the normal motor 
unit recruitment order, preferentially activating larger 
motor units composed primarily of fast-twitch fibres.209 

However, this theory has recently been challenged, with 
evidence suggesting that the normal clinical methods for 
applying NMES cause random, non-selective motor unit 
activation.210 Nevertheless, there is high-level evidence 

that combining NMES with traditional exercise training 
is more effective than training alone in improving 
quadriceps strength following anterior cruciate ligament 
reconstruction. 208 

The decision of whether or not to use NMES in 
rehabilitation is dependent on a number of factors. Effective 
therapeutic intensity may be uncomfortable, so a high 
degree of patient motivation is necessary. Clinicians should 
also remember that, for many patients, traditional strength 
training produces the desired results. However, a subset of 
patients experience persistent weakness following major 
joint injury due to arthrogenic muscle inhibition.211 In 
this group, the use of NMES in combination with heavy 
strength training may be recommended.212 

The recommended parameters to enhance muscle 
strengthening in rehabilitation are shown in Table 17.6. 

lnterferential stimulation 
Like therapeutic ultrasound, interferential stimulation has 
long played a role in traditional physiotherapy practice 
and remains widely used in some areas of the world.215, 216 

It is characterised by the interference of two medium
frequency currents passed through the tissues, causing 
analgesic effects. The analgesic effect may be due to 
stimulation of cutaneous receptors that inhibit c-fibre 
nociceptive transmission,217 motor stimulation increasing 
the removal of pain-inducing substances218 and the release 
of endogenous opioids.21 9 

The pain-relieving effects of interferential stimulation 
are transient and there is little evidence to support its 
use in athletic populations. However, its efficacy in the 
management of knee osteoarthritis 198• 217 suggests potential 
benefits for athletes following major knee surgery such as 
ACL reconstruction. 

Laser 
Low-level laser therapy (LLLT) is a non-invasive treatment 
in which non-thermal laser irradiation is applied to the site 
of pain using light generated by high-intensity electrical 
stimulation of a medium. It modulates cell and tissue 

Table 17.6 Recommended treatment parameters to maximise muscle strength gains using NMES210, 213,214 

Stimulation intensity 

Pulse frequency 

Pulse duration (width) 

Training regimen 

Program parameters 
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The intensity should be as high as the patient can tolerate, and at least 50% of MVC 

High-frequency stimulation (50-80 Hz) leads to higher force production , smoother contractions 

and greater muscle fatigue. Frequencies over 80 Hz may be more painful 

A longer pulse duration (up to 600 µs) maximises force production for a given stimu lation intensity. 

The currently recommended duration is 200-400 µs 

3-10 s 'on-time' followed by 10-40 s recovery; 10-15 min per session 

1-3 sessions per week for 4-6 weeks 



physiology to obtain therapeutic effects,220 including 
promotion of tissue repair,221 · 222 and inflammatory 
effects,223• 224 thereby providing pain relief in common 
musculoskeletal disorders.220• 225• 226 

LLL T may assist in pain relief following acute sports 
injury227 and has been found to reduce pain and improve 
function in patients with rotator cuff tendinopathy, both 
as a stand-alone treatment and when used in combination 
with therapeutic exercise.228 It may also improve 
outcomes for patients with chronic midportion Achilles 
tendinopathy when combined with an eccentric loading 
programme (Chapter 40).229 Although there is some 
evidence that LLL T is an effective treatment in certain 
conditions, there is little knowledge of dose-response and 
no consensus on optimal treatment parameters for specific 
pathologies. Further research utilising large, homogenous 
samples of similar pathologies would clarify the efficacy of 
LLLT in sports injury management.227 

Electromagnetic therapy 
Low-frequency pulsed electromagnetic field therapy 
(PEMF) is purported to have a wide range of local cellular 
and systemic effects affecting the healing process. Its use 
is recommended in wound care,230• 23 1 and there is some 
evidence supporting the use of PEMF in the treatment of 
certain sports injuries. 

Laboratory studies suggest that it may be valuable in the 
treatment of tendon, bone and cartilage pathology.232-235 

For example, when applied to human tendon cells, PEMF 
may cause cellular proliferation, tendon-specific gene 
expression, the release of growth factors, and the release 
of pro- and anti-inflammatory cytokines.234• 235 Similarly, 
when applied to articular hyaline cartilage, PEMF can 
stimulate chondrocyte proliferation and the stimulation of 
proteoglycans and extra-cellular matrix.232 

The results of clinical studies of PEMF in athletic 
populations are mixed. 

• In athletes who underwent arthroscopic treatment of 
osteochondral defects of the talus, PEMF did not lead to 
earlier return to play than did a placebo treatment.236 

• Compared to a placebo, patients who received PEMF 
after arthroscopic knee surgery had improved functional 
outcomes at 45 and 90 days and at a 3-year follow-up.237 

• PEMF may have short-term functional, analgesic and 
anti-inflammatory benefits in shoulder and elbow 
tendon conditions.238· 239 However, there is little 
evidence of any long-term benefits.239· 240 

• A systematic review of the effects of PEMF and LIPUS 
on bone injuries found a reduction in healing time 
following acute diaphyseal fractures. 195 However, due 
to the small number of studies investigating PEMF, no 
conclusions on its specific effects could be made. 

Extracorporeal shockwave therapy 
In 1980, extracorporeal shockwaves were first used in 
medicine to destroy kidney stones.241 • 242 Subsequent 
animal research on extracorporeal shockwave therapy 
(ECSWT) demonstrated dose-dependent destructive (high
energy) and regenerative (lower-energy) effects on a range 
of tissues, including bone and tendon.243• 244 Since then, 
ECSWT has been used extensively in clinical practice 
to treat superficial musculoskeletal conditions (Fig. 
17.20)_245, 246 

Several RCTs and case-control studies have shown 
ECSWT, either alone or in combination with exercises, 
to be beneficial for a number of musculoskeletal disorders 
including plantar fasciopathy,247· 248 midportion and 
insertional Achilles tendinopathy,249-253 medial tibia! 
stress syndrome,254• 25 5 patellar tendinopathy,256• 257 

proximal hamstring tendinopathy,258 greater trochanteric 
pain syndrome,259 medial and lateral epicondylitis,260• 261 

and calcific supraspinatus tendinopathy.262· 263 

There is a growing body of evidence supporting the 
clinical use of shock wave therapy. However, even though 
level 1 and level 2 studies are available for data pooling 
and meta-analyses, clinicians should interpret the results 
of systematic reviews with caution. This is because the 
included studies are often marked by methodological 
flaws, biases and low reporting quality.264-266 Furthermore, 
there is inconsistent reporting of the type of shock wave 
used (extracorporeal, radial, focused), the intensity (high, 
medium, low) and the method of application (focal, local, 
area of pain distribution). 

Clinicians should consider the following when using 
ECSWT in clinical practice. 

• ECSWT is not a panacea- its efficacy varies considerably 
for individual pathologies, and careful selection of 
patients is essential.267• 268 For example, it is only 
effective in treating supraspinatus tendinopathy when 

Figure 17.20 Extracorporeal shock wave therapy 
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calcification is present. For normal (non-calcified} 
supraspinatus tendinopathy, it has no effect.245 

• There is no universal agreement regarding the 
definition of low-, medium- and high-energy flux 
density.244• 263 Resulting energy is dependent on the 
device and applicator and should be calculated. 

• There is evidence of a dose-related ECSWT effect, with 
lower-energy flux densities requiring more sessions to 
obtain the same result.269 

• Although there is no consensus on treatment 
parameters, successful RCTs have used 1-3 sessions of 
1500-2000 impulses at weekly intervals,246 regardless 
of the underlying pathology.241 

• Treatment parameters should be individualised based 
on the patient's presentation. For example, the pre
treatment symptom duration was significantly correlated 
with the number of ECSWT sessions applied.270 

• As for all electrophysical agents, ECSWT should not 
be used in isolation. Prescribing therapeutic exercise in 
addition to shock waves can lead to better results. 250, 254 

THERAPEUTIC MEDICATION IN 
MUSCULOSKELETAL INJURY 

with NOEL POLLOCK 

Therapeutic drugs can be helpful in the management 
of musculoskeletal injury by treating pain, modulating 
inflammation and augmenting recovery. The use of 
therapeutic drugs should be aligned with the overall 
management plan and support the particular goals of that 
management phase. This section will discuss a range of oral 
and injectable therapeutic drugs used in the management 
of musculoskeletal injury. 

Doctors prescribing medications to athletes should 
be fully aware of the current anti-doping regulations for 
the sport in which their patient is participating. This 
is updated annually by the World Anti-Doping Agency 
(WADA) and the current list can be found on the WADA 
website. There is also an online anti-doping resource for 
athletes and clinicians for products sold in Canada, USA, 
UK , Japan and Australia accessible at www.globaldro.com 
where medication can be checked. The site also contains 
links for other nationalities. 

Analgesics 
Analgesic medication is used to relieve and modulate pain, 
and is often prescribed in the acute phase after injury to 
reduce pain in conjunction with ice, compression or splinting. 
Analgesia may also facilitate early movement, although the 
medical team should decide the optimal initial load based on 
the diagnosis. Analgesic medication may also have a role in 
other management phases to treat central sensitisation or to 
facilitate desired movements in rehabilitation. 
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Paracetamol 
Paracetamol (acetaminophen) has an analgesic and 
antipyretic effect without affecting the inflammatory 
process. The mechanism of action is probably through the 
modulation of cannabinoid receptors. Adult oral doses are 
1000 mg every 4-6 hours to a maximum daily dose of 
4 g. At these doses, paracetamol is well tolerated and can 
be an excellent choice in acute sports injuries. Soluble 
paracetamol is more quickly absorbed and may be an 
effective choice in athletes who need a quicker onset of 
analgesia. At higher doses, paracetamol is hepatotoxic and 
it may be fatal in overdose. 

Codeine 
Codeine is a more potent opiate analgesic and may be 
considered in the initial treatment of painful acute 
injury. However, codeine preparations are commonly 
associated with side effects such as nausea, dizziness and 
constipation, which limits prolonged use in the treatment 
of athletes. 

Emergency analgesia 
In severe acute musculoskeletal mJury, stronger and 
parenteral analgesia may be required. Clinicians that provide 
event cover should be familiar with the indications and 
risks of these medications and have access to appropriate 
emergency analgesia. This may include opiate-based 
medication, ketamine and Entonox®. 

Non-steroidal anti-inflammatory drugs 
(NSAIDs) 
NSAIDs are drugs with analgesic and anti-inflammatory 
properties. The term non-steroidal is used to distinguish 
these drugs from corticosteroids that also produce anti
inflammatory effects. NSAIDs' mechanism of action is 
to inhibit the cyclo-oxygenase (COX) system. Cyclo
oxygenase has a key role in the inflammatory cascade 
that occurs at the site of acute injury. It converts 
arachidonic acid to prostaglandins and thromboxane 
which are key mediators of inflammation.271 There are 
two cyclooxygenase iso-enzymes, COX-1 and COX-2, with 
different physiological roles (Fig. 17 .21 ). 

COX-1 is associated with the maintenance of the gastric 
mucosa and COX-1 inhibition with traditional NSAIDs 
can result in gastritis and ulceration. Selective COX-2 
inhibitors have been available since 1 999 with similar 
efficacy, but fewer gastro-intestinal side effects. The most 
commonly prescribed NSAIDs include aspirin, ibuprofen, 
diclofenac and naproxen, and the COX-2 selective NSAIDs, 
celecoxib and etoricoxib. The normally recommended 
dosage and frequency of administration varies between 
the different drugs (Table 17.7). 
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Figure 17.21 Mechanism of action of NSAIDs 

Table 17.7 Commonly used NSAIDs 

• 
Acetylsalicylic acid (ASA) Aspirin® 

Celecoxib Celebrex® 

Diclofenac Voltaren®, Voltarol® 

Ibuprofen Brufen®, Motrin®, Advil® 

Meloxicam Mobic® 

Naproxen Naprosyn, Anaprox® 

Topical anti-inflammatory preparations are also 
available in creams and prolonged-release patches. These 
are effective delivery methods for superficial injuries, with 
less risk of side effects than orally administered NSA!Ds.272 

Overnight patches or wraps may be particularly useful in 
limiting early morning stiffness that may be associated 
with excessive inflammation. 

There is high-level evidence that topical NSA!Ds 
are effective in relieving pain associated with acute 
musculoskeletal injuries such as sprain, strains and 
contusions,272• 273 as well as with osteoarthritis.274 Some 
of the pain relief they provide can be explained by a 
powerful placebo effect, which is greater with topical 
NSAID administration than with oral. 
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NSA!Ds are widely used in competitive sport, with more 
than a third of all athletes at Olympic Games,275 half of 
all players at recent soccer World Cups276 and about 
a quarter of athletes in international track and field 
athletics277 reporting in-competition NSAID use. They 
are commonly used in the treatment of injury, but also 
prior to competition in an attempt to reduce discomfort 
of potential future injury or post-exercise soreness in both 
elite and non-elite athletes.278-280 This practice should 
be discouraged, as there is no evidence of a reduction 
in delayed onset muscle soreness (DOMS) or improved 
performance with prophylactic NSA!Ds. However, player 
perception and the placebo effect can make behaviour 
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change challenging for team clinicians. Regular NSAID use 
causes significant health risks for the cardiovascular, renal 
and gastrointestinal systems. Clinicians should educate 
their athletes about these risks and seek safer alternatives, 
perhaps from nutraceutical products. 

NSAID use in the treatment 
of musculoskeletal injury 
NSA!Ds are usually an excellent choice in the short-term 
treatment of inflammatory conditions, such as bursitis 
or synovitis. However, the impact of NSA!Ds on cellular 
metabolism and the tissues of the musculoskeletal system 
should be considered by athletes and clinicians using 
these medications in the treatment or prevention of 
injury. With this knowledge, NSA!Ds may be prescribed 
for particular injuries or in stages of healing determined 
by the overall goals of the current rehabilitation and 
management phase. 

NSAID and muscle 
At a cellular level, NSA!Ds probably have a negative 
effect on both muscle healing following injury and 
muscle hypertrophy after athletic training.281 NSA!Ds 
can inhibit protein synthesis282 and reduce satellite cell 
activation, which is an essential step in muscle repair and 
regeneration.283· 284 Inhibition of protein synthesis after 
resistance exercise may be limited to COX-1 NSA!Ds, 
as selective COX-2 inhibitors have not been shown to 
induce similar reductions in protein synthesis.285 

NSA!Ds are often used by athletes in the treatment 
and prevention of DOMS, but scientific trials demonstrate 
very little evidence for a positive effect. 

NSA!Ds have been recommended for use in deep 
muscle contusions at risk of developing myositis 
ossificans.286 Regular indomethacin for more than seven 
days is widely used by clinicians in this condition. 

NSA!Ds are not effective in the treatment of acute 
muscle tears and cannot be routinely recommended.287-288 

They may have a short-term role to modulate an excessive 
early inflammatory response, but as this phase is necessary 
for appropriate satellite cell activation and initiation of 
regeneration, their use at this time may be detrimental to 
overall muscle repair. 

NSAID and tendon 
Basic science and animal-model studies of tendon tearing or 
surgical repair have consistently shown that NSA!Ds reduce 
tenocyte proliferation and collagen formation, and therefore 
negatively affect tendon healing. However, in clinical studies 
of acute reactive tendinopathy, NSA!Ds may facilitate 
short-term improvements in pain.289 One small study also 
demonstrated improvements in leg stiffness and tendon 
function following treatment with a COX-2 inhibitor.290 
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It has been suggested that they may be useful in 
acute tendon overload despite (or perhaps because oO 
the potential negative effects on tenocyte activation.268 

However, clinicians should remember that basic science 
and clinical studies have shown that NSA!Ds blunt 
exercise-induced collagen synthesis within tendon 
tissue.291 Therefore, the prescribing of NSA!Ds should, 
as with all medication, be considered within the overall 
treatment goals of the current rehabilitation phase. In Cook 
and Purdam's model of a continuum of tendon pathology 
(Chapter 4),268 NSAIDs may be considered in the reactive 
tendinopathy phase, but are not recommended in the 
dysrepair or degenerative phases. 

NSAID and ligament 
NSA!Ds have been shown to have a negative impact on 
collagen formation, fibroblast proliferation and healing in 
animal models of ligament injury.292-295 Clinical studies of 
ligament injuries also do not support their use. One study 
of patients who underwent ACL reconstruction found 
increased joint laxity at six weeks in an NSAID-treated 
group compared with a group that had not been prescribed 
NSA!Ds.296 Another study demonstrated similar analgesic 
efficacy for paracetamol and NSAID (diclofenac) following 
acute ankle ligament injuries, but found increased oedema 
at day three in the NSAID group.297 

NSAID and bone 
Prostaglandins have an important role in bone metabolism, 
simulating both osteoblasts and osteoclasts.298 Numerous 
animal studies have reported a delay in bone healing with 
NSAID treatment.299 It appears that COX-2 inhibition 
has the most negative impact due to inhibition of 
endochondral ossification.300-302 Although high-quality 
clinical studies are lacking, a number of studies suggest a 
delay in bone healing with NSAID use.303- 304 

PRACTICE PEARL 

NSAIDs could be considered a risk factor for fracture 

healing and cannot be recommended in fracture 

management. 

Adverse effects of NSAIDs 
Adverse effects of NSAIDs may be associated with 
the gastrointestinal, cardiovascular and renal systems, 
and susceptibility increases with prolonged use and 
patient age.305 The most common adverse effects are 
gastrointestinal with epigastric pain, nausea or reflux 
symptoms. The risk of experiencing these dyspeptic 
adverse effects can be lowered by using the minimum 
effective dose, taking the medication with food, using 



gastroprotective formulations or the concomitant use 
of proton pump inhibitors (such as omeprazole or 
lansoprazole) or H2 antagonists (such as ranitidine). Occult 
gastrointestinal bleeding may contribute to iron depletion 
and therefore clinicians should enquire about NSAID self
prescribing in iron-deficient athletes. 

Selective COX-2 inhibitors with reduced 
gastrointestinal side effects have been available since 
1999. In 2004, a number of COX-2 inhibitors (valdecoxib 
and rofecoxib) were taken off the market, as they were 
specifically associated with a high number of adverse 
vascular events. COX-2 inhibitors, and some non-selective 
NSAIDs such as diclofenac, are associated with an increased 
risk of thrombotic events, and are contraindicated in 
ischaemic heart and cerebrovascular disease. They should 
be used with caution in patients with risk factors for 
cardiovascular events. However, they are often used in 
athletes with musculoskeletal injury due to their effective 
analgesic properties and low adverse effect profile. 

Medications for neuropathic pain 
and central sensitisation 
Neuropathic pain is defined as pain arising from a lesion 
or disease affecting the somatosensory nervous system 
(Chapter 6).306, 307 It is often characterised clinically by 
amplified pain responses following noxious or non-noxious 
stimuli and may be present in combination with true 
nociceptive pain arising from tissue damage. In patients 
with neuropathic pain, both peripheral and central neural 
sensitising mechanisms may be present. 

Recent research has suggested that central sensitisation 
is a potentially important feature of a number of 
musculoskeletal presentations, including shoulder pain, 
lateral epicondylalgia and patellar tendinopathy.308, 309 

Central sensitisation is defined as 'an amplification of 
neural signalling within the central nervous system 
(CNS) that elicits pain sensitivity'.310 It is an important 
feature for clinicians to detect and treat within the overall 
rehabilitation plan. 

The management of neuropathic pain or central 
sensitisation in musculoskeletal injury should have 
a number of interdisciplinary elements and may 
incorporate therapeutic medication. In addition to the 
analgesic medication previously discussed, a number 
of other pharmaceuticals may have a therapeutic role. 
However, although these medications have demonstrated 
efficacy in RCTs and meta-analyses, there have been no 
clear predictors of treatment success in patients with 
neuropathic pain. The therapeutic approach is therefore 
usually a stepwise trial approach to identify which 
medication or combination provides the greatest pain 
relief with the fewest side effects. 

Tricyclic antidepressants 
Tricyclic antidepressants inhibit serotonin and nor
adrenaline neurotransmitter re-uptake and block sodium 
channels. Nortriptyline is most widely used and is the 
active metabolite of amitriptyline. It is recommended 
in UK, European, US and Australian guidelines for the 
treatment of neuropathic pain, although not as a first-line 
treatment.311 A dose of 10-25 mg is usually prescribed at 
night to avoid sedative effects during the day. A recent 
Cochrane review concluded that there was little evidence 
to support the use of nortriptyline in neuropathic 
pain, particularly when compared with duloxetine and 
pregabalin.311 

Serotonin reuptake inhibitors 
Duloxetine is a serotonin re-uptake inhibitor with 
moderate to strong evidence for efficacy in the treatment 
of neuropathic pain.312• 313 A starting dose of 30 mg is 
often increased to an efficacious treatment dose of 60 mg. 
Similar to other medications for neuropathic pain, fatigue 
may be a side effect. 

Gabapentin and pregabalin 
Gabapentin and pregabalin are gamma-aminobutyric 
acid analogues that bind to calcium channels on afferent 
nociceptors and subsequently reduce neurotransmitter 
release. Pregabalin has a half-life of around six hours.314 

Starting dose of pregabalin is usually 75 mg twice daily 
and this may be titrated to a total daily dose of 300 mg 
over the course of one week. The most common adverse 
effect of these medications is fatigue or a mild sedative 
effect, and they are often not appropriate to take before 
training sessions. Gabapentin is also available in an 
extended-release preparation that may be more effective 
for neuropathic pain, but is more likely to impact on 
athlete's training programs. 

Local anaesthetic patches 
Topical lignocaine (lidocaine) patches have demonstrated 
positive effects in short-term studies on neuropathic 
pain312 and may be helpful as a second-line treatment, 
although the quality of the evidence is weak. 

Counterirritants 
Topical heat rubs are often used by athletes and mainly act 
as counterirritants. Their mechanism of action is probably 
related to their effect on transient receptor potential (TRP) 
channels (Fig. 17.22). These channels are sensitive to heat 
and initiate a local inflammatory response. Prolonged 
activation of the nociceptors may result in a depletion of 
local neurotransmitters, which may result in a reduction 
in pain and nociceptor transmission from the site of 
the more long-standing injury. Counterirritants, such as 
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Injection therapy: should injections be performed under ultrasound guidance? 

There is consistent high-quality evidence that ultrasound

guided injections are more accurate than landmark-guided 

injections.315 There is moderate limited-quality evidence 

that ultrasound-guided injections are more efficacious 

than landmark-guided injections, particularly in large joints, 

subacromial bursal injections,316 carpal tunnel and inflamed 

joints.317 The interpretation of the research in this area is 

challenging, as corticosteroid injection is often studied. 

Not only may this be an inappropriate therapeutic choice 

for the particular pathology,318· 319 but there are known 

systemic effects of corticosteroid injections that may affect 

outcome measures. It is also reasonable to assume that with 

the development of injectable therapeutic agents without 

systemic effects, such as hyaluronic acid, these would be 

unlikely to demonstrate maximal therapeutic efficacy unless 

accurately positioned. Therefore, we recommend that 

clinicians who regularly perform musculoskeletal injections 

undertake training in ultrasonography and perform injection 

therapy under ultrasound guidance. 

capsaicin or camphor, may therefore have a use for mild 
analgesia before activity, but also potentially in a chronic 
injury that demonstrates increased neural sensitisation or 
elements of neuropathic pain.3 12 
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Figure 17.23 Ultrasound-guided injection 
USED WITH PERMISSION OF GE HEALTHCARE 

Local anaesthetic injections 
Local anaesthetic injections may be used in sports 
medicine for a number of reasons. They can be used in 
the treatment of musculoskeletal injury to reduce pain or 



facilitate movement. Local anaesthesia may be performed 
on competition day to enable athletes to participate in 
sport despite injury. Local anaesthetic injections are also 
frequently used in conjunction with a corticosteroid 
injection to reduce needle pain. 

Local anaesthetics cause a reversible block to 
conduction along nerve fibres by inhibiting sodium 
channels, particularly in small neurones. There is a 
wide variation in speed of onset, duration of action and 
potency. Lignocaine (lidocaine) and bupivacaine are the 
most commonly used preparations for musculoskeletal 
injection. Lignocaine 1% is a quick-acting local anaesthetic 
that is effectively absorbed from mucous membranes. 
The duration of anaesthesia is usually 60-120 minutes. 
Bupivacaine has a slower onset, taking up to 30 minutes 
for effect, and a longer duration of action, lasting for 
several hours. 

Local anaesthetic in competition 
Anaesthetic injections are sometimes used to enable 
participation in elite sport despite the presence of 
AC joint injuries, finger and rib injuries, and iliac crest 
haematomas.320 These injections appear to be relatively 
safe in the short and long term. We do not recommended 
intra-articular injections in weight-bearing joints or 
around tendons of the lower limb, due to the significant 
risk of further injury to these structures. 

Local anaesthetic in routine 
musculoskeletal injections 
Clinicians have traditionally used local anaesthetic in most 
musculoskeletal injection protocols to reduce the pain of 
the procedure. However, as local anaesthetic has been 
shown to be myotoxic,321 chondrotoxic322 and tendon 
toxic,323• 324 clinicians should reconsider their use of local 
anaesthesia during routine injection protocols. 

Traumeel 
Traumeel is a herbal preparation of arnica, belladonna, 
calendula, heparin and echinacea that is reported to 
have an antioxidant and anti-inflammatory action. Some 
clinicians inject it in the treatment of muscle injuries 325 

and it is also available as a topical anti-inflammatory. The 
topical application of traumeel has been demonstrated 
to be as efficacious as topical diclofenac for pain relief in 
low-grade acute ankle ligament injuries.326 There are no 
clinical studies that evaluate its efficacy in the treatment 
of muscle injuries. 

Actovegin 
Actovegin is a deproteinised ultrafiltrate of calf serum 
produced in Austria, a bovine spongiform encephalopathy
free country,327 and a licensed drug in Europe, China and 

Russia. It is reported to contain trace elements, amino 
acids, electrolytes, and carbohydrate and fat metabolites. 
The active ingredients have not been identified. Some 
basic science studies suggest Actovegin has a role in 
modulation of inflammatory processes, but no quality 
clinical evidence exists to support its use in muscle injury. 

Sclerosant 
Early studies reported posmve effects of sclerosing 
injections of polidocanol to areas of neovascularisation, 
just outside the Achilles tendon.328• 329 However, more 
recent studies have not demonstrated positive effects 330 

and it is currently not widely used in clinical practice. 

Prolotherapy 
Prolotherapy is a collective term for the injection of an 
irritant, usually hyperosmolar dextrose, in the treatment 
of chronic painful musculoskeletal conditions.331 The 
mechanisms of action are not fully understood, but it is 
claimed that prolotherapy stimulates inflammation and 
growth factor release, initiates a proliferative response and 
results in desensitisation through a denervating effect. 
There is conflicting evidence regarding its efficacy.332 

Mechanical and high-volume injections 
The pain and pathological processes involved in 
tendinopathy are not fully understood. Some theories 
suggest that tendon adherence to the adjacent fat pad or 
neurovascular in-growth from the fat pad are implicated 
in the pain and pathogenesis of Achilles and patellar 
tendinopathy. An injection protocol that infiltrates a high 
volume (up to 40 ml) of normal saline (with a small amount 
of local anaesthetic, hydrocortisone or aprotinin) to the 
interface between the tendon and the fat pad has been 
described_333-335 While case series have demonstrated 
positive effects, further high-quality studies are needed. 

Hyaluronic acid 
Chondrocytes and synovial cells produce hyaluronic 
acid, which is the major constituent of synovial fluid 
and a component of the extracellular matrix of cartilage. 
Hyaluronic acid maintains the structural integrity of 
cartilage and assists with joint mobility and shock 
absorption. It can also modulate the inflammatory 
response through inhibition of pro-inflammatory factors, 
such as arachidonic acid and Interleukin- I (IL-1), which 
have a degradative effect on the cartilage matrix. 

Hyaluronic injection can be useful in the treatment of 
chondropathy and may cause an initial reduction in pain 
due to this anti-inflammatory effect. However, it is generally 
most effective in the medium and long term,336 probably 
through its stimulation of synovial cells to synthesise 
endogenous hyaluronic acid (Fig. 17.24). A meta-analysis 
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Figure 17.24 Hyaluronic acid: mechanism of action in osteoarthritis 

comparing hyaluronic acid injections to corticosteroid 
injections suggested greater pain relief following cortico
steroid at two weeks but not at four weeks, and greater 
benefit of hyaluronic acid at 8-26 weeks.337 

Hyaluronic acid in tendons 
Hyaluronic acid has been used in the field of hand surgery 
for several years to provide surface lubrication and 
enhance postoperative tendon mobility. With emerging 
evidence suggesting the importance of the Achilles or 
patellar tendon-fat pad interface in the development of 
tendon pathology, there have been some proposals for 
a role for hyaluronic acid injection in this interface338. 

Although there have been a number of case series 
publications,339• 340 no high-level evidence currently 
exists to support this therapeutic approach. 

Corticosteroids 
Corticosteroids are strong anti-inflammatory agents that 
reduce vascular permeability and leucocyte activation, 
and block inflammatory mediators. The proposed aim of 
corticosteroid injection is to reduce pain and inflammation 
to facilitate normal movement and allow therapeutic 
exercise. However, there are significant detrimental effects 
associated with the injection of corticosteroids. Therefore, 
clinicians should consider their use carefully in each case 
with specific regard to the current evidence, injured tissue, 
and the stage and goals of rehabilitation. 
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Peritendinous injection of corticosteroids is generally not 
recommended. Corticosteroids inhibit collagen synthesis 
and are detrimental to tendon healing. Biopsy studies have 
demonstrated an increase in the glutamate NMDA receptor 
following corticosteroid injection.341 This receptor has 
been associated with chronic pain and tendinopathy. 

Recent studies have demonstrated negative medium
and long-term outcomes from corticosteroid injection 
around elbow common extensor origin tendinopathy 
(tennis elbow) even compared with a wait and see' 
approach.318 However, there is no doubt that they can 
provide effective pain relief in the short term and, in 
certain cases after informed discussions with the athlete 
and coach, this may be the main priority. Corticosteroid 
injection may be of value in inflammatory bursitis with 
healthy local tendon tissue. However, even in apparently 
isolated retrocalcaneal bursitis, caution is advised in elite 
athletes who place high demands on their Achilles tendons. 

Intra-articular injections of corticosteroid for joint disease 
will reduce synovial inflammation and catabolic enzymes 
that are probably implicated in cartilage breakdown. 
However, there are negative joint consequences to be 
considered with respect to intra-articular corticosteroid 
injection. Cartilage matrix degradation and reduction 
in elasticity has been observed following intra-articular 
injections of corticosteroids to weight bearing joints. 

Corticosteroid, particularly if combined with local 
anaesthetic, is known to be toxic to chondrocytes,342• 343 



and repeated injections may limit cartilage repair and 
regeneration. The injection of corticosteroid followed 
by a quick return to running is thought to be more 
detrimental to the articular cartilage. Injection directed to 
the inflamed synovial tissue rather than the joint fluid may 
be considered to limit negative impact on the cartilage. 
In summary, corticosteroid injection into weight-bearing 
joints should be approached with caution and considered 
only in the presence of excessive inflammation. There may 
be a more appropriate and effective role for corticosteroid 
injection into smaller, nonweight-bearing joints or spinal, 
apophyseal joints or epidural injections. 

Other adverse effects of corticosteroids 
The adverse effects of corticosteroids on tendons and 
cartilage have been presented above. However, there are 
other side effects that should be considered and discussed 
with the patient. Corticosteroid injection can commonly 
result in skin depigmentation, which may be permanent. 
Fat atrophy is also a possible effect, particularly in 
superficial injections. The risk of this can be minimised by 
accurate guided-needle placement and care to avoid steroid 
placement along the needle track during withdrawal. 

Intra-articular injection may result in pericapsular 
calcification and severe adverse events such as avascular 
necrosis have been reported, usually following several 
injections within a short time frame. Joint infection is 
another significant serious adverse effect and appropriate 
sterilisation measures with a good injection technique are 
essential for these injections. The presence of an overlying 
skin infection is a contraindication to injection. 

Corticosteroid injections commonly cause a short
term exacerbation in symptoms for several days after 
the injection. Patients are recommended to have a short 
period of rest and to modify athletic activity after a 
corticosteroid injection. 

Choice of corticosteroid 
The most commonly used corticosteroids are triam
cinolone, methylprednisolone, hydrocortisone and 
dexamethasone. They each have a different duration of 
action and solubility that should be considered when 
choosing an appropriate steroid for injection. 

Triamcinolone and methylprednisolone are hydro
phobic preparations and therefore form microcrystalline 
suspensions. As a result, they should have a longer 
duration of action than hydrophilic preparations, such 
as dexamethasone or hydrocortisone, which have a 
quicker onset of action but reduced duration of effect. 
Triamcinolone and methylprednisolone are particulate 
steroids that, according to recent guidelines in the USA, 
should be avoided in spinal injections. This is due to 
the risk of inadvertent arterial puncture and subsequent 

particulate injection with severe vascular consequences. 
The debate on particulate versus non-particulate spinal 
injections continues, but there is some evidence to suggest 
that non-particulate steroids, such as dexamethasone, 
have an equivalent effect. Therefore, it may be prudent 
to choose this form of steroid for spinal injections.344· 345 

Other medications 
Sleep medication 
Sleep is of great importance to the athlete in normal training 
to enable adaptation and recovery (Chapter 13). A lack of 
sleep is associated with an increased injury risk and impaired 
sporting performance. During injury rehabilitation, sleep 
can be disrupted due to pain and anxiety. For the injured 
athlete, good quality sleep is essential for many reasons, 
but particularly to enable optimal protein synthesis, for soft 
tissue healing and strengthening, and neuromotor learning 
to achieve the gait, running or skill re-education required 
during rehabilitation. The sleep strategy for an athlete in 
rehabilitation is a broad remit for the multidisciplinary 
team, but medication may have a useful short-term role. 

There are several medications that can assist with 
sleep. The clinician should be aware of the dependence 
and tolerance that can occur with the use of hypnotics 
and should therefore reserve their use for short courses (of 
several days only). The use of sleep medication should be 
carefully documented in the patient's notes, particularly 
if there are a number of team physicians. Generally, short
acting hypnotics are the most appropriate for athletes 
with sleep disturbance associated with acute injury. 
These will assist with sleep onset and not have a sedative 
effect the following day. 

Temazepam is a short acting benzodiazepine with little 
'hangover' effect, although tolerance can develop quickly. 
Diazepam is a long-acting benzodiazepine that also reduces 
muscle spasm and can be of use if this is also a therapeutic 
goal, most commonly in the treatment of acute low back 
pain with muscle spasm. Non-benzodiazepine hypnotics, 
such as zolpidem or zopiclone, have a short duration of 
action without hangover effects. 

PRACTICE PEARL 

Clinicians, as well as athletes, should always be aware 

of the dangers involved with the abuse of sleep 

medications. There have been multiple high-profile 

cases of such abuse across a multitude of sports. 

When athletes are prescribed sleep medications, they 

should always be warned of interactions with other 

drugs, including alcohol, which if taken in combination 

can cause enhanced central nervous system 

depression and lead to catastrophic consequences. 
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Quinolone antibiotics 
Unless there is no suitable antibiotic alternative, quinolone 
antibiotics (e.g. ciprofloxacin, ofloxacin) should not be 
prescribed to athletes. There is clear evidence linking 
quinolones with both acute tendon rupture and increased 
lifetime risk of tendon disease.346, 347 

Glyceryl trinitrate patches 
Glyceryl trinitrate (GTN) patches have been proposed to 
modulate tendon healing by providing nitric oxide, which 
may stimulate collagen synthesis. There were some early 
studies that demonstrated improvements in tendon pain 
and function in patients with non-insertional Achilles, 
supraspinatus and elbow common extensor origin 
tendinopathies.348-350 However, more recent RCTs fail to 
demonstrate clinical improvements compared with, or 
as an adjunct to, exercise rehabilitation.351-354 There is a 
notable incidence of headache associated with initiation 
of treatment. Current evidence suggests that GTN patches 
do not appear to have an important therapeutic role in 
the management of tendinopathy. 

Bisphosphonates 
Bisphosphonates inhibit osteoclastic function and therefore 
increase bone mass. They have been used for many years 
in the treatment of osteoporosis and decrease fracture 
risk in this population. The use of bisphosphonates in the 
prevention or treatment of stress fractures and one-off 
intravenous injections to reduce bone pain from pubic 
bone stress (osteitis pubis)355 in athletes has been proposed. 

One study found that bisphosphonates had no effect on 
stress fracture prevention in military recruits.356 In stress 
fracture treatment, a small study suggested bisphosphonates 
could result in accelerated and safe return to sport.357 Some 
clinicians also recommend the use of bisphosphonates for 
the treatment of athletes with osteitis pubis. 

However, there are several significant concerns 
regarding the rationale and use for bisphosphonate 
treatment in athletes. Bisphosphonates have a half-life of 
1-10 years, limit normal microdamage repair and suppress 
bone remodelling. This may be detrimental to an athlete 
in the long term, after recovery from the current injury, 
as normal bone remodelling is essential for adaptation 
and resilience to normal athletic training. Indeed, their 
short- and long-term use in an elderly osteoporotic 
population has demonstrated an increased risk of fatigue 
fractures.358• 359 High-quality studies of the short- and long
term impact ofbisphosphonate prescription in athletes are 
required. 

The safety of bisphosphonates in women who may 
subsequently become pregnant has not been established. 
Animal studies have shown that bisphosphonates can 
cross the placenta and therefore affect foetal bone 
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mineralisation. While there have been no case reports of 
teratogenic effects in humans, it would seem prudent to 
avoid the use of bisphosphonates in female athletes. 

In addition to the potential adverse effects above, there 
are side effects ofbisphosphonates that should be recognised 
Nausea, arthralgia and myalgia for 48 hours after intravenous 
treatment are common. Oral bisphosphonates can induce 
oesophageal inflammation and erosion. Osteonecrosis of the 
jaw has also been reported, usually in patients over 60 years 
with significant dental pathology. However, this risk should 
be discussed and a dental examination performed prior to 
bisphosphonate administration. 

NUTRACEUTICALS IN INJURY 
MANAGEMENT 

with NOEL POLLOCK 

In recent years there has been an increased focus on the 
potential role of dietary supplements and herbal products
often collectively referred to as neutraceuticals-in the 
treatment of sports injuries. 

Glucosamine, chondroitin and omega-3 
fatty acids 
Glucosamine has been advocated as a treatment for 
cartilage injury. The availability of glucosamine is a rate
limiting step in proteoglycan production.360 Proteoglycans 
are large complex molecules which provide elasticity and 
integrity to cartilage tissue. There are numerous basic 
science studies that provide evidence for the important 
role of glucosamine in supporting joint health. In addition 
to its role in proteoglycan production, it may also have an 
anti-inflammatory role and limit chondrocyte apoptosis. 

Some meta-analyses have concluded that long-term 
treatment with glucosamine can reduce pain and disease 
progression, and improve joint function and mobility 
in patients with osteoarthritis.361• 362 Supplementation 
is often recommended in European and international 
guidelines on the treatment of osteoarthritis; however, 
while there is some rationale for its use in chondropathic 
conditions, the evidence is conflicting.363 A daily oral dose 
of 1500 mg is most consistently recommended. 

Chondroitin sulphate is a natural glycosaminoglycan 
and an important component of the extracellular matrix. 
Similarly to glucosamine, its use has been recommended 
in the treatment of inflammatory arthropathy including 
osteoarthritis and chondropathy.364 

The role of glucosamine and chondroitin in the 
synthesis of large proteoglycans, such as aggrecan, has 
led some clinicians to consider their use in patients with 
tendinopathy.268 Early tendon overload is characterised 
by tendon swelling and aggrecan production,365 and 
therefore further increase in large molecule proteoglycan 



synthesis may be detrimental. The role of glucosamine 
and chondroitin in proteoglycan synthesis suggest that it 
may be appropriate to avoid the use of these products in 
early, reactive tendinopathy. 

Omega-3 polyunsaturated fatty acids have been used as 
dietary supplements in musculoskeletal injury, particularly 
joint injury, due to their anti-inflammatory and anti
oxidant effects. Reactive oxygen species are increased in 
arthritis and associated with cartilage degradation. Some 
low-level evidence suggests that omega-3 fatty acids may 
be helpful at reducing morning stiffness in patients with 
osteoarthritis. 366 

Vitamin D 
Vitamin D is a secosteroid hormone with a wide range 
of important physiological effects for health and athletic 
performance. Regarding musculoskeletal injury, Vitamin 
D has an essential role in the maintenance of muscle 
strength and mass, particularly for type II muscle fibres 
and in optimal bone health. Correction of vitamin D 
deficiency can improve muscle strength and reduce the 
risk of stress fractures.367· 368 Vitamin D deficiency is 
prevalent in elite athletes, and screening and treatment of 
deficiency is recommended.369 

Green tea/polyphenols 
Green tea and other polyphenol-rich foods such as 
cherry juice may have an important future role in the 
management of musculoskeletal injury. There have been 
some basic science and animal studies demonstrating a 
positive impact on tendon and cartilage healing.370, 371 

Clinical studies are required to determine the clinical 
impact of polyphenol supplements and nutrition. 

AUTOLOGOUS BLOOD, BLOOD 
PRODUCTS AND CELL THERAPY 

with ROBERT-JAN DE VOS 

Autologous blood, specific blood products, and cells 
are increasingly used in clinical trials in the field of 
musculoskeletal medicine. These autologous products 
secrete many growth factors that are thought to have 
a positive effect on healing of bone, cartilage, ligament, 
tendon and muscle injuries. This has been based on 
laboratory studies showing increased cell proliferation 
and collagen synthesis, and stimulation of a well-ordered 
angiogenesis.372-374 The rationale, applications and efficacy 
of these treatments are summarised below. 

Autologous blood injections 
The main rationale behind treatment with autologous 
blood injections is the presence of various growth factors 

in blood with a potential healing effect. Blood is usually 
drawn from an arm vein and injected directly into the 
injured part. Ultrasound guidance can be helpful for 
improving delivery of autologous blood to the injury site, 
but in superficial injuries or in presence of clear anatomical 
landmarks, this is not always necessary. The amount of 
blood injected depends on the location and type of injury, 
but 3 mL or 6 mL are the most commonly used volumes.375 

This procedure has been used mainly in tendinopathies; 
however, a systematic review did not show efficacy 
of this treatment for these injuries.375 More recent 
randomised trials show efficacy of autologous blood 
injections in comparison with detrimental corticosteroid 
injections,376-378 but not compared with placebo or 
standard physical therapy.379, 380 

Platelet-rich plasma 
Platelet-rich plasma (PRP) is the product derived when 
autologous whole blood is centrifuged to separate out 
a preparation with a very high platelet content. The 
preparation is rich in both plasmatic and platelet a-granule 
derived growth factors, as well as many thousands of other 
substances.372 

With the preparation of a PRP injection, a larger amount 
of blood is withdrawn. The blood is then placed into a 
tube, which in turn is placed into a centrifuge, which 
spins many thousand times a minute, for various lengths 
of time depending on the protocol. At this point, the 
platelets have separated from the other blood components 
and can be aspirated for injection. Many different versions 
of PRP are described depending on the duration, force and 
number of spins. Several sub-classifications of PRP have 
been made, which can serve as a basis for evaluation of 
efficacy in clinical studies.381 

Initially, many case series showed benefit of PRP 
injections in several clinical conditions.382 In comparison 
with detrimental corticosteroid injections, it was found 
efficacious.383 However, systematic reviews and more 
recent randomised studies with appropriate control groups 
receiving placebo injection therapies (e.g. saline) did not 
show efficacy of PRP in patients with Achilles tendon 
ruptures,384 anterior cruciate ligament reconstruction,385 

arthroscopic rotator cuff repair, 386 Achilles tendinopathy, 387 

lateral epicondylar tendinopathy,388 patellar tendi
nopathy,389 plantar fasciopathy390 or acute hamstring 
injuries.391 PRP injections showed limited to moderate 
evidence in a systematic review on efficacy in patients 
with knee osteoarthritis.392 More high-quality randomised 
studies with low risk of bias are needed for this indication. 

In conclusion, there is currently insufficient evidence 
to advise PRP injections as a routine part of management 
for musculoskeletal injuries. 
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Cell therapy 
Preclinical studies have shown the potential for cellular 
therapies to regenerate rather than repair the tissues. The 
cells can be harvested from embryos (embryonic stem 
cells- ESCs), bone marrow, adipose tissue (mesenchymal 
stem cells- MSCs) or differentiated cells from the preferred 
tissue (e.g. tenocytes or chondrocytes).393 Cell lines such 
as ESCs have superior potency and proliferative properties, 
but their main disadvantages are ethical considerations 
and potential complications including tumorogenesis. 
MSCs offer promise in tissue engineering due to their 
proliferative capacity and the secretion of growth factors. 
Autologous cells can be harvested from the preferred 
tissue and expanded, prior to re-implantation. For example, 
healthy tendon cells (tenocytes) can be harvested from 
the patellar tendon (Fig. 17.25), expanded in a laboratory 
and injected into a tendinopathic tendon (e.g. Achilles). 
A disadvantage of this technique could be the donor site 
morbidity. 

Figure 17.25 Biopsy of patellar tendon for tenocyte 

harvesting 
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Clinical studies using cell therapy for the treatment of 
musculoskeletal conditions are currently increasing. Small 
case series in patients with lateral epicondylitis and rotator 
cuff tendinopathy treated with autologous tenocytes, 
bone-marrow-derived cells and skin-derived fibroblasts 
showed functional and structural improvement.394-396 

A recent randomised study in patients with patellar 
tendinopathy and Achilles tendinopathy showed efficacy 
of a local skin-derived fibroblast injection.397 These 
conclusions are, however, hampered by several major 
shortcomings. 

Effectiveness of cell therapy is also evaluated more 
frequently in cartilage defects. One systematic review 
did not demonstrate sufficient evidence for the use of 
bone-marrow-derived MSCs.398 There is currently also 
insufficient evidence for surgical autologous chondrocyte 
implantation (AC!), the surgical implantation of healthy 
cartilage cells into the damaged areas.399 While AC! has 
been suggested to provide better results in tissue quality 
and is increasingly performed in clinical practice, more 
high-quality studies with long-term follow-up are needed 
in this field. 

There are no high-quality clinical studies available 
to support the use of cell therapy. We expect high
quality randomised clinical trials will be published in the 
coming years. 

In conclusion, there is currently insufficient evidence 
to advise autologous blood injections, PRP or autologous 
tendon cell injections as a routine part of management for 
musculoskeletal injuries. 

SURGERY 
Despite the many advances in the non-operative 
management of sports injuries, surgery has a major role 
to play in the management of both acute and overuse 
injuries. Surgery is used to remove, repair, reconstruct or 
realign damaged tissue. Sports surgery can be classified as 
arthroscopic surgery or open surgery. 

Arthroscopic surgery 
Arthroscopy involves the introduction of a fibre-optic 
telescope into a joint space to provide diagnostic 
information and afford the opportunity to undertake 
minimally invasive surgery. It is a well-established 
procedure for the knee, shoulder, elbow, ankle and hip, 
and, more recently, the wrist. 

Arthroscopy utilises a light source to illuminate the 
joint and a video camera to capture the image, which is 
then displayed on one or more screens. The arthroscope is 
introduced through a standard portal, while another portal 
or portals are used to introduce operating instruments. 
The location of portals is important to minimise the risk 



of damage to vessels and nerves. A number of instruments 
are available for use in arthroscopic procedures. 

Arthroscopy can be carried out under local, regional or, 
often, general anaesthesia as a day procedure. The main 
areas of interest to be viewed through the arthroscope 
are the articular surfaces, the synovium and intra-articular 
structures such as the meniscus and cruciate ligaments 
of the knee, the glenoid labrum and rotator cuff tendons 
of the shoulder, and the acetabular labrum of the hip. In 
most joints, the majority of the articular surfaces can be 
viewed. Assessment of stability can be aided by combining 
a direct view of the joint with manoeuvres that place the 
joint under stress. 

Common procedures performed through the 
arthroscope include removal of loose bodies within the 
joint, separation of and removal of the torn part of a 
meniscus, repair of a torn structure such as a peripheral 
tear of the meniscus or a labral detachment in the shoulder, 
or dividing a tight structure such as the glenohumeral 
joint capsule in the shoulder or scar tissue in the knee. 
More complex reconstructive joint procedures (ACL 
reconstruction, rotator cuff repair) can be performed with 
the aid of an arthroscope. 

Arthroscopy has a low complication rate. There is a 
small incidence of infection and delayed portal healing. 
Occasionally, arthroscopy can produce a persistent 
joint reaction manifesting as prolonged joint effusion, 
persistent pain and muscle wasting. Whether this is 
due to the arthroscopy itself or to the underlying joint 
pathology is sometimes difficult to determine. Complex 
regional pain syndrome type 1 may occasionally develop 
after arthroscopy. 
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Open surgery 
The open surgical treatment of sports-related problems 
includes surgery related to acute trauma and surgery 
for the treatment of overuse injuries. Surgery after an 
acute injury aims to recreate the pre-injury anatomy by 
the repair of damaged tissues. This may require internal 
bone fixation for an unstable fracture, or repair of torn 
ligaments or tendons. If repair of the damaged tissue is not 
possible, a reconstructive procedure may be performed; 
for example, ACL reconstruction. 

Following an acute injury, the athlete may develop 
chronic problems, such as instability, that may require 
surgical repair or reconstruction. Chronic ligamentous or 
capsular inadequacy may develop following an injury or 
as a gradual process. Surgery may be required to tighten 
the stretched tissue, either by moving the attachment of 
the tissue or by a shortening procedure, such as plication, 
reefing or shifting. 

Overuse injuries that have failed to respond to 
conservative measures are sometimes managed by surgical 
tissue release, division or excision. Excision may be 
performed if impingement is present or if degenerative 
change has led to tissue necrosis. In nerve compression, 
decompression or transposition of the nerve may be 
required. Stress fractures that fail to heal (non-union) are 
treated by fixation or bone graft. 

With all surgical procedures, arthroscopic or open, the 
surgery must be considered as only a part of the treatment. 
Adequate post-surgical rehabilitation is as important as 
the procedure itself. Rehabilitation following injury and 
surgery is discussed in Chapter 18. 
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Chapter 18 

Principles of sports injury 
rehabilitation 
with HAVARD MOKSNES and PHIL GLASGOW 

The pearl of long-term rehabilitation is co build a small ream of core people 
who collaborate with other professions. Never walk alone! 

Kjetil Jansrud, alpine skiing gold medallist at the 2014 Sochi Winter Olympic Games, 
13 months after rupturing his anterior cruciate ligament 

Sports injury rehabilitation is a dynamic, structured 
process that aims to: 

• restore the injured athlete's function and performance 
level 

• return the athlete to sports participation in a safe and 
timely manner 

• minimise the risk of re-injury. 

As previous injury is a prominent risk factor for 
future injury, 1-3 rehabilitation is a critical aspect of our 
professions. In most cases, the goal should be to improve 
the athlete's physical function to above their pre-injury 
level. 

The foundation of sports injury rehabilitation is a 
targeted exercise program that is progressed gradually. 
As outlined in previous chapters (including 6 and 17), 
exercise therapy acts at the local tissue level and in the 
central nervous system. It may be used as a direct injury 
treatment (mechanotherapy)4 or to unload injured tissue 
via altered movement and muscle activation patterns. 
It is also important to maintain the athlete's condition 
as much as possible throughout the rehabilitation 
process. A model of the parallel priorities of exercise 
prescription during the rehabilitation process is shown 
in Figure 18. 1. 

Exercise prescription, progress and supervision 
is often performed by a physiotherapist (or similar 
health professional, for example sports rehabilitator, 
trainer, therapist). However, where possible, a broader 
multidisciplinary team including the sport and exercise 
medicine physician, orthopaedic surgeon and other sport 
scientists (such as strength and conditioning specialists) 

should collaborate in rehabilitation planning. It is also 
critical to engage coaches in all phases of rehabilitation. 
In the early phases, coaches need to understand the plan 
and appreciate the functional milestones. In the later 
phases they should take an increasingly active role in 
implementing the program (Fig. 18.1). 

Active rehabilitation is often supplemented with 
medical and manual therapies that may enhance the 
effects of exercise through pain management and 
improved tissue adaptations (Chapter 17). The success of 
rehabilitation depends on introducing the most effective 
intervention at the right time in an adequate dosage.5 

Modern sports injury rehabilitation is progressed 
through phases based on sound clinical reasoning, 
sequenced functional achievements and the completion 
of functional milestones. At the same time, knowledge 
of tissue-specific biological healing processes should 
be respected and will guide the rehabilitation timeline. 
Exercise prescription, communication and clinical 
reasoning are core skills for clinicians involved in 
rehabilitation of sports injuries. Although most experi
enced clinicians are probably subconsciously following a 
progression model through rehabilitation, few theoretical 
models have been published.5 

This chapter outlines the general principles of sports 
injury rehabilitation and provides a framework for 
progression through phases. 

GENERAL PRINCIPLES 
The primary aim of rehabilitation is to return the 
athlete to sport with appropriate function and fitness to 
participate at the desired level with a low risk of re-injury. 
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Phase 1 Acute management 
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load tolerance Unload injured tissue condition 

Mechanotherapy & alter risk factors Alternative training 
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Phase 3 Replicate sport-specific demands 

' J, 
Return to sport .s:: 

u 
ro 
0 u J-

Phase 4 Prevent re-injury 

Figure 18.1 A model of the parallel priorities of exercise prescription during sports injury rehabilitation. The responsibility 

for implementation of the program should be gradually transferred from the medical team to the coach throughout the later 

phases of rehabilitation 

However, this is sometimes challenging due to the desire 
of the athlete, coach, parents, management and others to 
return athletes to competition prematurely. Regardless of 
the circumstance, the medical team is obliged to ensure 
that the athlete's long-term health is not compromised 
by a premature return to sport which may have serious 
consequences. Thus, all rehabilitation protocols should 
include a predefined sport-specific functional battery of 
tests to ensure that the athlete is fit to return to sport 
with minimal risk of re-injury. 

The rehabilitation principles described in this chapter 
primarily apply to the treatment of acute sports injuries 
and post-operative musculoskeletal rehabilitation. These 
rehabilitation processes are usually relatively linear and, 
for the most part, predictable. The principles can also 
be applied to overuse injuries. However, because the 
symptoms of overuse injuries often fluctuate and athletes 
often continue to train and compete with pain/impaired 
function, athletes may present at different stages of the 
rehabilitation continuum. 

Rehabilitation plans following sports injury are 
usually separated into distinct phases and include active 
interventions aimed at addressing body impairments 
and functional limitations, with the aim of facilitating 
the athlete's participation in his or her desired physical 
activity and sport.6 

An essential element-effective planning 
Effective detailed planning is one of the most important 
aspects of rehabilitation. The plan should integrate 
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accurate anatomical, pathophysiological, biomechanical 
and sport-specific knowledge with physical training 
principles. 

PRACTICE PEARL 

When designing a rehabilitation program, the 

clinician should identify specifically how the injury 

affects or impairs the athlete's function-taking 

into account the sport and the player's role within it 

(e.g. their event, discipline or position). 

For example, a professional athlete can devote more 
time to rehabilitation and to rest between exercise bouts 
than an amateur athlete with a demanding work schedule. 
This will influence the total volume of training that can 
be tolerated. Top athletes with day-to-day follow-up 
can usually progress more rapidly than recreational 
athletes who have less frequent encounters with their 
clinician. Hence, the clinician has to create a larger safety 
buffer when designing rehabilitation programs for non
professionals. Furthermore, physiological responses to 
rehabilitation stimuli vary between individuals, making 
the prediction of recuperation following an exercise more 
uncertain. Thus, the expected time to recovery differs 
depending on the injury, intrinsic personal and contextual 
factors, and the amount of stimuli that can be applied to 
facilitate tissue healing and recovery. 



GOAL SETTING AND TARGETED 
INTERVENTIONS 
Early goal setting and an outline of the rehabilitation 
plan are important elements that should be addressed in 
collaboration with the athlete, coach, physiotherapist and 
other members of the clinical team.7 In the first meeting 
between the medical team and the athlete, the key steps 
should include: 

1. obtaining a thorough history, including the current 
injury, previous injuries and available resources 

2. setting long-term goals 
3. striving for an accurate diagnosis, which may be 

provisional and subject to supplementary investigations 
4. identifying key impairments in body structure and 

function 
5. raising potential physiological, psychological and 

logistical barriers 
6. drafting a realistic progress plan that includes functional 

and measurable short-term goals. 

Identifying the athlete's ultimate goal is usually 
straightforward- most athletes want to return to 
participation in sport as quickly as possible. However, 
the expectations of a rapid return may sometimes be 
unrealistic, and misconceptions can undermine the 
collaboration and focus of the rehabilitation. Thus, 
giving the athlete an early outline of the expected 
progress with specific short-term goals accompanied by 
specific tasks will usually build a bond of confidence. 
Communicating the expected progress plan to coaches, 
team members, family and sometimes the media 
usually fosters a collaborative environment for focused 
rehabilitation. 

Physical impairments and limitations are commonly 
subdivided into the areas of restricted range of motion 
(ROM), motor control and muscle strength. Different 
injuries will, in combination with previous injuries 
and fitness status, result in different impairments and 
limitations (Fig 18.2). The medical team should analyse 
the status of the injury and decide to what extent each 
of the impairments or limitations should be targeted 
during rehabilitation. The skill of prioritising exercise 
interventions throughout the rehabilitation has been 
designated as the 'X factor' in Figure 18.2. Prioritising 
rehabilitation interventions relies on the ability of the 
clinician and the broader team to effectively synthesise 
complex information (via skilled clinical assessment) and 
identify key limitations to performance as well as barriers 
to progression. While a large part of the 'X factor' will 
be based on sound clinical reasoning, it also involves the 
clinician's ability to relate to the athlete, to collaborate 
with other professions, to motivate and guide the athlete, 
and to educate key persons. 

PRACTICE PEARL 

The clinician must clearly indicate that the reha

bilitation plan is dynamic-the focus will change 

depending on the patient's response to the program. 

Endurance and its specific subcomponents may 
also have to be integrated throughout the phases of 
rehabilitation. Examples are strength endurance for alpine 
skiers and speed endurance for footballers. The ability to 

Psychological ROM 
Motor 

control 
Muscle 

strength 
The X-factor 

Understand 
process 

Education 
Master 

progression 
lndependency 

Functional and measurable skills and tasks 

Milestone 

Functional tests 

Milestone 

Exercise 
prescription 
Weighting of 

tasks 
Prioritise focus 

Optimise 
physiological 

efficacy 

Figure 18.2 A theoretical model of clinical focus throughout the sports injury rehabilitation process 
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continue to carry out a specific task or exercise for 
an extended period of time without a reduction in 
the quality or effort of the task is also an important 
component of the rehabilitation process. Fatigue has been 
identified as a risk factor for injury,8 therefore, ensuring 
that the athlete is able to maintain good technique under 
fatigue is essential. Particular attention should be given 
to enhancing specific sub-qualities of endurance, such as 
skill execution under fatigue, as well as other strength 
and mobility parameters. 

PHASES OF REHABILITATION 
A four-phase structure can guide the aims and content of 
the rehabilitation process (Fig. 18.3). Specific functional 
milestones and achievement goals are identified within 
each phase. Some goals will be primary in each phase; for 
example, achieving full knee extension and quadriceps 
activation after knee surgery in Phase 1. At the same 
time, preservation of gluteal muscle activation and ankle 
mobility will be important secondary areas of focus. 
Therapists with different backgrounds, knowledge and 
experience will choose different exercises and treatments 
to achieve rehabilitation aims. Although there is now 
consensus regarding the importance of individually 
tailored rehabilitation after injuries,9 well-documented 
rehabilitation guidelines are scarce for most conditions 
in sports medicine. Also, treatment algorithms differ 
between cultures, countries and institutions. 

Due to the multidimensional nature of sports 
rehabilitation, the clinician should be able to manage 
several parallel focus areas throughout the various phases 
of rehabilitation, each with different goals and milestones. 
The relative importance of each focus area will change 
throughout the rehabilitation process (Fig. 18.3). Progressing 
active rehabilitation requires continuous evaluation, which 
is necessary to guarantee a confident and timely return to 
training and competition. 

ROM Motor control 

Phase 1 
Regain active & Proprioception & 
passive range motor output 

Phase 2 
Cyclic, full-range 

Joint stability 
loading 

Phase 3 
Manual therapies 

Speed & agility 
If necessary 

Phase 4 
Maintenance & Ingrain new 

recovery patterns 

Phase 1: Acute 
In line with the increased focus on active rehabilitation 
strategies, the traditional acronym PRICE (Protection, Rest, Ice, 
Compression and Elevation) for treatment of acute soft tissue 
injuries is increasingly replaced with POLICE (Protection, 
Optimal Loading, Ice, Compression and Elevation). 10 Optimal 
loading refers to the clinician evaluating the ability of the 
tissue to withstand and adapt to mechanical load. 11 The 
clinical challenge is not only to choose the most effective and 
safe exercise interventions, but also to apply the intervention 
in the appropriate dose. Immediate protection and relative 
rest after an acute injury still plays a role, but because of the 
detrimental effect of inactivity on biological tissues, leading 
clinicians look to have the athlete begin active movement 
(optimal loading) as soon as possible. For example, a player 
may begin hamstring activation exercises (loading) within 
24 hours of a hamstring muscle strain depending on the 
severity of the injury and other factors. 

Goal setting in the acute phase should be unidimensional 
and targeted toward impairments and limitations. For 
example, after knee ligament surgery the acute phase goals 
are for the athlete to regain voluntary quadriceps activation 
toward end-range extension (impairment) and to perform 
a straight-leg raise without extension lag (limitation). 
The combination of these two comprises the functional 
milestone of controlled active terminal knee extension, 
which allows the athlete to progress to walking without 
crutches for short distances. 

The next goal could then be for the athlete to perform 
a step-up exercise with proper alignment and controlled 
loaded terminal extension (Fig. 18.4). When adequate 
step-up quality of movement is achieved, the use of 
crutches can be terminated for all distances. Blanchard 
and Glasgow have depicted the process for how to 
progress single exercises and this can be adapted to the 
rehabilitation process in general (Fig. 18.5).5 The model 
describes how the clinician can build and manipulate the 

Exercise 
Muscle strength prescription 

Voluntary 
Controlled 

activation 

Hypertrophy Extrinsic stimuli 

Generate Complex 
strength movements 

Power & 
Sport-specific 

endurance 

Figure 18.3 Model of rehabilitation through phases. Box outlines represent primary (green), secondary (orange) and tertiary 

(red) focus 
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Figure 18.4 The ability to perform a high step-up with good 

control of terminal knee extension is a common functional 

goal during Phase 1 rehabllltatlon of acute knee Injuries 

exercises to gradually increase the demands on the athlete, 
while at the same time allow the healing tissue to adapt to 
the increase in mechanical load. 

A variety of interventions are available to the clinician 
in Phase 1. Traditional low-load controlled exercises are 
at the core of interventions. However, adjunct modalities 
such as neuromuscular electrical stimulation (NMES) can 
help the athlete regain voluntary muscular control.12• 13 

Furthermore, manual therapies can be effective in the 
recovery of impairments during this phase (Chapter 17). 

Phase 2: Restore activities of daily living 
The aim of the second phase of rehabilitation is to allow 
the athlete to return to daily activities and basic sport
specific technical movements. The clinician should 
gradually increase the complexity of movements from 
single joint controlled actions to more complex tasks 
including movements through several biomechanical 
planes. For example, the overhead athlete who has 
regained pain-free external rotation in the scapular plane 
with adequate scapular control in Phase 1 will typically 
progress to mimic the throwing motion at low velocity in 
Phase 2. While the throwing motion will be the primary 
focus of the rehabilitation program, the clinician must 
ensure that secondary functions such as contralateral hip 
stability and ankle range of motion are maintained. 

Exercises can be progressed by increasing the number of 
repetitions, the velocity of the movement, or the frequency 
(rate) of the exercises. Further, adding external loads and 
increasing the complexity of movement will stimulate 
muscle strength and motor control. Thus, Phase 2 challenges 
the clinician to prioritise exercises successfully. Skilled 
clinicians are able to keep their eye on several parallel 
processes at the same time (the X-factor). 

Perturbation Perturbation Perturbation 

Figure 18.5 Visual aid to demonstrate a complex rehabilitation progression with undulating tiers using lower limb injury as 

an example5• The horizontal axis represents time and the vertical axis represents difficulty. The clinician adds and subtracts 

elements of the rehabilitation to progressively challenge the athlete while keeping the overall workload appropriate 
REPRODUCED FROM FIGURE 2 IN BLANCHARD S, GLASGOW P. A THEORETICAL MODEL TO DESCRIBE PROGRESSIONS AND REGRESSIONS FOR EXERCISE 

REHABILITATION. PHYS THER SPORT. 2014 AUG;15(3):131-5 
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Goal setting in the second phase will still focus on 
the remaining impairments, although the main goals are 
related to addressing functional limitations in activity and 
improving performance of semi-complex sport-specific 
movement patterns. Examples of Phase 2 functional 
milestones for an ACL-injured athlete can be jogging with 
good form, and the ability to perform single leg hops with 
full knee extension at take-off and high degrees of knee 
and hip flexion during landing. 

The primary intervention throughout Phase 2 is to 
continue progressing the therapeutic exercise program. 
The program will mainly incorporate elements to improve 
motor control and muscle strength, with additional 
sessions of cardiovascular training. When determining the 
exact nature of cardiovascular training in rehabilitation, 
the clinician should ensure that the correct energy system 
is being trained and that adequate time is allowed for 
recovery and physiological adaptation. For athletes who 
are rehabilitating over longer periods of time (i.e. months 
after ACL reconstruction), the acute:chronic workload 
ratio should be considered (Chapter 12). The nature of 
training used should minimise stress on the injured tissues 
while simultaneously exercising muscle groups involved 
in the athlete's sport. Aerobic and anaerobic endurance 
can be effectively trained using pool-based conditioning 
or cardiovascular equipment such as a bicycle ergometer, 
cross-trainer, rowing ergometer and step machine. 

PRACTICE PEARL 

The nature, intensity, duration and work:rest ratio of 
individual training sessions should reflect sporting 

demands. 

An example of a weekly schedule may consist of two 
muscle strength sessions, two motor control sessions, two 
cardiovascular sessions and one recovery day. The precise 
nature of the sessions and the order in which exercises are 
carried out will be dictated by the clinician's understanding 
of the sport to which the athlete must return, the effects 
of the specific impairments and an appreciation of how the 
prescribed exercise will influence restoration of function. 
The clinician must have a good understanding and ability 
to appropriately modify load and difficulty of the exercises, 
while still guarding the healing tissue from abrupt forces 
and overload. Efficient communication with specific cues 
that facilitate a move from an internal focus of attention to 
an external focus, in combination with careful explanation 
and involvement of the athlete can greatly increase the 
efficacy and adherence to interventions. 14· 15 
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Phase 3: Returning to sports activities 
In the third phase of rehabilitation the clinician guides 
the athlete towards returning to participation in sports. 
More traditional strength and conditioning training can 
be incorporated in the weekly rehabilitation plan with 
increased focus on more complexity and velocity. Emphasis 
should be on a higher rate of force development and 
introduction of on-field sessions to bring in environmental 
adaptation. An athlete recovering from a knee injury can 
be brought to the field to perform sessions focused on 
higher speed running, cutting and turning tasks, and the 
inclusion of relevant equipment (ball, racquet, skis, etc.). 
Physical conditioning in the gym will be similar to pre
season training for the specific sport, although a majority 
of exercises should still be unilaterally focused to stimulate 
adaptation and reverse any remaining impairments. 

Goal setting in Phase 3 will relate to all levels of 
function. Typically, muscle strength measurements 
(impairment) and single-leg hop tests (activity) are 
compared with the goal of90% of the uninjured side.16• 17 

Participation goals can include completing specific parts 
of the team training sessions without symptoms during 
or after training. An important task for the clinician 
will be to monitor the overall load on the healing 
structures, which again calls for close collaboration and 
clear communication with coaches and strength and 
conditioning professionals. 

Return-to-play decisions are perennially challenging 
and require a team approach that focuses on ensuring that 
function has been adequately restored. To facilitate safe 
return to sport, it is paramount that functional testing 
with valid and reliable outcome measures be performed. 
(See Chapter 16 for more on relevant outcome measures.) 
Multidimensional sets of tests that evaluate the different 
layers of function are besr. 18-21 However, the scientific 
backing regarding content and cut-off limits for the test 
batteries are still lacking for most injuries. The return
to-play process is discussed in Chapter 19. 

Phase 4: Prevention of re-injury 
All sports injuries with tissue disruption will render the 
athlete more susceptible to re-injury even though tissue 
structure and physical function may be restored after 
rehabilitation. In spite of the increased attention and 
knowledge on rehabilitation of sports injuries, the incidence 
of re-injury remains high in professional sports.22• 23 

The classical model on the aetiology of sports injuries 
published by Meeuwisse in 1994 (see Fig.12.1) points to 
the importance of recognising internal risk factors such as 
previous injuries in the prevention of sports injuries.24 



PRACTICE PEARL 

Every clinician involved in the rehabi litation of 

sports injuries must work diligently with the athlete, 

coach and conditioning professionals to continue 

targeted individualised prevention training after the 

athlete has returned to the competitive level.25 

Interventions should be aimed at impairments and 
functional limitations known to exist as a result of injury 
such as altered muscle activation patterns and inadequate 
landing and cutting strategies.26-28 

WHEN REHABILITATION DOES NOT 
GO ACCORDING TO PLAN 
Sports injury rehabilitation seems like a straightforward 
linear process when presented in this chapter (Fig. 18.6a). 
However, as every clinician has experienced, progression 
does not always go according to plan (Fig. 18.6b). 
Longstanding pain, recurrent effusion, persistent range of 
motion deficits and muscle inhibition are a few of the most 
common obstacles. What to do when progression fails? 

A thorough look at the content and volume of the 
rehabilitation program is usually indicated. Are the 
interventions targeting the impairments they were intended 
to target? It is often prudent to follow the athlete through a 
full session to ensure proper technique and understanding 

(a) 

Recovered 

Injured 

Time 

What you think it will be like 

is present. Experienced clinicians will often state that 'less is 
more' and that splitting the original rehabilitation program 
into two parts is often a wise decision. 

PRACTICE PEARL 

It may be necessary to revisit the diagnosis and the 

functional assessment. 

Symptoms tend to change over time- and not always 
in a predictable fashion. A step back to address the basic 
functional impairments is often necessary. 

Sit down with the athlete and analyse the total 
load during the week. Is there enough time to recover 
between sessions? How much load is placed on the 
healing structures between training sessions? Are there 
any environmental challenges related to family, friends, 
facilities or motivation? Collaborate with the athlete 
to resolve underlying challenges. Ask open questions 
and probe their psychological status. A few days off 
rehabilitation may be a relief to many athletes. 

Ask a colleague! A referral back to the physician or 
orthopaedic surgeon may be indicated. A second opinion 
from another clinician within the field can often open 
new doors. Additionally, a multidisciplinary meeting 
with all involved parties can adjust and streamline the 
expectations and responsibilities of each member of the 
rehabilitation team. 

(b) 

Recovered 

Injured 

Time 

What it really will be like 

Figure 18.6 It can be helpful to share a map of the rehabilitation journey with your patient (a) Most patients believe 

rehabilitation should be straightforward and speedy (b) Sports physiotherapist Adam Meakins has added his own take to the 

traditional 'winding road'. Patients can feel they are travelling backwards in time on occasions. The expert clinician anticipates 

this in his or her discussion while planning rehabilitation 
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Chapter 19 

Return to play 

with IAN SHRIER 

Perhaps the most common question for every active bur injured patient is 
'When can I return to play?' 

Return-to-play (RTP) decisions can be difficult and 
complex. 1 The clinician is expected to provide an 
opinion based on a large number of factors including 
the history of the injury, physical examination, type of 
injury, rehabilitation, type of activity, psychological 
state, competitive level and ability to protect the injury. 
Further, these decisions do not occur in a vacuum. The 
athlete may receive advice from family, friends, coaches, 
other clinicians and, in the case of elite athletes, agents. 

Because determining prognosis is difficult and 
frequently subjective, some disagreements regarding RTP 
will always occur.2 Differing sociocultural and clinical 
perspectives of the medical doctor, coach, athlete and 
others lead to a high potential for conflict. Apart from 
being challenging and an unpleasant experience, such 
conflicts are believed to lead to a number of negative 
scenarios including: 

1. miscommunication 
2. loss of trust 
3. potential litigation 
4. declines in sport participation rates- some individuals 

never 'get back in the game' due to fear of re-injury 
(despite acceptable levels of risk) 

5. serious medical complications- some athletes return 
to activity while still at unacceptable levels of risk for 
subsequent sport-related injury.3-6 

Two important factors may minimise development 
of such conflict: a formal structure or process outlining 
how an actual RTP decision should be made and a formal 
process to guide the interactions between individuals 
who contribute in any way to the RTP process. It is 
important to note that in some cultures the clinician is 

expected to determine the reasonable course of action 
for a seemingly independent third party- the athlete- who 
is otherwise capable of making autonomous decisions. In 
other cultures shared decision making may be promoted 
by the medical community in general, but the clinician 
is usually still considered legally responsible for any 
consequences of the decision. Regardless of the cultural 
context in which one is situated, having a transparent 
framework for arriving at RTP decisions should help 
minimise any conflict that might arise. 

The purpose of this chapter is to provide such a 
framework. In 2010, we published a 3-Step framework7 

developed specifically for RTP decision making. 
The framework is consistent with clinicians' beliefs 
independent of country of practice or clinician specialty,8 

and represents a framework to help organise complex 
information; it should not be interpreted as proscriptive. 
After feedback from clinicians, this has now evolved into a 
revised framework called the Strategic Assessment of Risk 
and Risk Tolerance (StARRT).9 

The StARRT framework is based on causal relationships 
and considers that differences in RTP decisions are 
partly due to differences in (1) risk assessment and (2) 
risk tolerance. Differences in risk assessment could 
be decreased through the application of research and 
knowledge dissemination leading to improved evidence
based practice. Differences in risk tolerance are based on 
societal and personal values, which are independent of 
research and evidence-based practice. This may be part 
of the reason why different participants presented with 
the same information come to different RTP decisions. 10 

Finally, the framework's general approach means that it 
can be applied by whoever represents the decision-making 

285 



authority: a clinician, non-clinician or a multidisciplinary 
team. 

STRATEGIC ASSESSMENT OF RISK AND 
RISK TOLERANCE FRAMEWORK FOR RTP 
DECISION MAKING 
The StARRT framework for RTP decisions is illustrated in 
Figure 19.1. Rational decision making requires weighing 
the benefits and risks of different alternatives. 11- 13 For 
RTP decisions, the clinician is generally concerned with 
managing risk of re-injury, but may at times be concerned 
with risk of any injury, death or illness. 

StARRT Framework 

I 
Risk 

process 

L 

The foundation of the framework is that an injury 
or re-injury will occur whenever the stress applied to 
a tissue is greater than the stress the tissue can absorb 
(tissue health). 

Step 1-Tissue health 
The first step in the StARRT framework is to assess the 
stress the tissue can absorb before becoming damaged. 
This is a function of the health of the tissue. For the 
same level of activity, the risk of re-injury increases with 
increasing damage to the tissue that is generally evaluated 
through the presence of symptoms (e.g. pain), signs 

Tissue 

health 

Tissue 

stresses 

Strategic assessment of risk & risk tolerance 

Patient demographics (e.g. age, sex) 

Symptoms (e.g. pain, giving way) 

Personal medical history (e.g . recurrent Injury) 

r Functional tests (e.g. diagonal hop test 

Psychological readiness (e.g. affecting play) 

...._-------~ Stage of the season (e.g. playoffs) 

+---::;o~:-:""""'.'.''."-:"--1,, Pressure from athlete (e.g. desire to compete) 

+---R.,is'"k'-t"'"o','le,.ra- n .. c_e_ ---i External pressure (e.g. coach, athlete family) 
modifiers 

e.g. effective analgesia 

Conflict of interest (e.g. financial) 

---------J Fear of litigation (e.g. if restricted or permitted) 

Return-to-play decision 

Figure 19.1 The Strategic Assessment of Risk and Risk Tolerance (StARRT) framework for return-to-play (RTP) decisions. 

This framework illustrates that athletes should be allowed to return to play when the risk assessment (Steps 1 and 2) is 

below the acceptable risk tolerance threshold (Step 3) and not allowed to return to play if the risk assessment is above the 

threshold. The StARRT framework groups factors according to their causal relationships with the two components of risk 

assessment (tissue health, stresses applied to tissue) and risk tolerance, as opposed to the 3-Step framework that groups 

factors according to the sociological source (medical culture, sport culture, decision maker) of the information. In some 

cases, an apparently single factor can have more than one causal connection and would be repeated. For example, playoffs 

will increase the competitive level of play and therefore increase tissue stresses and increase risk. However, playoffs are 

also expected to affect an athlete's desire to compete (i.e. mood, risk of depression if not allowed to RTP) and could affect 

financial benefit as well. These causal effects would lead to increased risk tolerance. In this framework, each outcome 

is evaluated for RTP, and the overall decision is based on the most restricted activity across all outcomes (see text and 

Table 19.1) 
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(e.g. swelling) and diagnostic tests (e.g. muscle strength). 
As this information comes from health professionals, the 
factors were originally considered 'medical'. 

Step 2-Tissue stresses 
The second step of the framework is to assess the stress 
that will be applied to the tissue. This is directly related 
to the planned activity, as opposed to the status of the 
original injury and is therefore considered sport-related. 
Using the frequency, intensity, time and type (FITT) 
training principle, one can modify activity through 
frequency (e.g. 3 days per week), intensity (e.g. running 
fast or climbing hills), timing (e.g. 20 minutes per 
session) and type. For the type of activity, one can think 
in general terms such as running or swimming. 

However, for re-injury risk, the most salient detail is 
the required biomechanics that increase stress (i.e. the 
causes of injury), and the categories 'type of sport' and 
'position played' are meant to capture this information. 
For example, the biomechanics of freestyle swimming 
are very different from those of breaststroke (analogous 
to different positions in other sports). Therefore, trying 
to assess the risk of re-injury in 'swimming' is likely 
not the best clinical approach. Rather, clinicians should 
focus on the activities that cause the underlying stresses 
on the musculoskeletal system to increase. If these can 
be modified to reduce stress to the injured area (e.g. 
switch from crawl to breaststroke for some types of 
shoulder injuries or from whip kick to flutter kick for 
some types of knee injuries), then the injury risk is 
decreased. 

Psychological factors are listed in Step 2 because, as 
noted above, they affect risk of re-injury via the way the 
athlete plays the game and therefore the potential stresses 
applied to the body. Similarly, functional capacity such 
as endurance, range of motion and proprioception also 
describe factors that increase or decrease stresses applied 
to the injured area and are included here. For example, 
tight hamstrings mean that forward flexion must come 
more from the back, which increases lumbar and thoracic 
stress. Limitations in scapular rotation lead to a decrease 
in the subacromial space during abduction (increasing 
the risk of impingement syndrome) as more motion must 
come from the glenohumeral joint. 

Step 3-Risk tolerance modifiers 
Step 3 is designed to account for the reasons why two 
clinicians (or two athletes) presented with the same risk 
assessment, may come to different RTP decisions. Because 
the risk is the same, the different RTP decisions reflect 
differences in risk tolerance. If the competition is the 
Olympics, a clinician's risk tolerance for the worsening of 

a sprained ankle may be greater than if the athlete is a 
14-year-old male playing high school basketball. A factor is 
included as a risk tolerance modifier if there is any context 
where changing the factor would change one's threshold 
of an acceptable risk (e.g. for the Olympian) even if it does 
not affect the decision under other contexts (e.g. high 
school basketball player). 

Return-to-play decision making-beyond 
risk for injury 
The StARRT framework is about arriving at a decision 
based on whether the assessment of risk exceeds one's 
risk tolerance. Most clinicians likely think that the 
framework is about risk for re-injury. Although we 
are certainly concerned about the risk of re-injury, our 
focus should be on the overall health or wellbeing of the 
athlete. 14 How do we define wellbeing or health? Should 
this be restricted to pathology of muscle, tendon or bone 
(as for re-injury)? Should we also consider mental health or 
socioeconomic health? 

In a series of studies, we found that sports and 
exercise medicine clinicians from various fields and 
regions considered many factors unrelated to risk as 
important factors in their decisions.8 These included 
several psychological-related factors (desire to compete, 
psychological impact of not returning to play, loss of 
competitive standing) as well as potential financial 
loss, timing of the season, competitive level and fear 
of litigation. Most interesting was that the pattern of 
responses in one study that included both clinicians and 
non-clinicians found very little difference between these 
two groups. 14 

In summary, the StARRT framework organises the 
information available into risk assessment (Steps 1 and 2) 
for a particular outcome and information related to other 
factors that affect one's risk tolerance for that outcome 
(Step 3) because they may affect other aspects of the 
athlete's overall wellbeing. In the next section, we discuss 
how the framework can be applied in some challenging 
situations. 

APPLYING THE StARRT FRAMEWORK 
The application of the framework to most clinical 
situations is straightforward. Consider a case that we 
used in one of our validation studies where a collegiate 
American football linebacker (lots of contact at high 
speed) injured his acromioclavicular joint (Fig. 19.2). 10 

As the severity of signs and symptoms increases (from 
Example 1 through Example 6 in Fig. 19.2), most would 
agree that the stress the tissue could absorb prior to 
re-injury would decrease. In our study, as the health of 
the tissue decreased in the vignettes, clinicians became 
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Figure 19.2 The proportion of respondents who would 

Ex.6 

allow activity without restriction is plotted for the different 

acromioclavicular injury severity levels (increasing severity 

from Example 1 to 6) described in clinical vignettes.10 The solid 

line presents the results for the base case when the athlete is 

an American football linebacker. The dashed line presents the 

results when we decreased the likelihood of excessive stress 

by considering the player to be a field goal kicker instead of 

a linebacker (tissue stresses). The dotted line presents the 

results when the linebacker (base case) was being evaluated 

for a multi-million dollar bonus (risk tolerance modifiers)9 

REPRODUCED WITH PERMISSION FROM BRITISH JOURNAL OF 
SPORTS MEDICINE9 

less likely to allow the athlete to full RTP. We then 
changed the scenario so that the athlete was a field goal 
kicker (very low risk of contact) instead of a linebacker. 
By decreasing the risk of applying excessive stress to 
the tissue (i.e. contact), the risk of re-injury decreases 
and this explains why more clinicians allowed full RTP 
than when the athlete had been a linebacker. Finally, 
returning to the context of a linebacker, we changed the 
vignette and said the athlete was being evaluated for a 
million dollar signing bonus. Given the potential benefit 
to his economic condition and overall wellbeing, the risk 
tolerance of many clinicians changed and these clinicians 
now allowed the athlete to RTP even though the risk of 
re-injury remained unchanged. 

The StARRT framework may appear to discuss RTP 
decisions as if they are all or none. In clinical practice, 
RTP may refer to 'full return without restrictions', 'partial 
return', 'allowed to practice' and so forth. In fact, StARRT 
is a general framework for any decision-making process 
and will work equally well when one is trying to decide 
about return to training, return to practice or any level of 
activity. 

288 

Assessing across outcomes 
and probabilities 
Steps 1 and 2 of StARRT evaluate only a single risk at 
a time. Yet, RTP decisions usually need to account for 
many outcomes (e.g. both in the short and long term) 
simultaneously. In the short term, clinicians and athletes 
might focus on risk of re-injury or decreased performance 
(leading to decreased competitive standing). With 
respect to long-term outcomes, one might focus on risk 
of osteoarthritis from joint injuries or long-term cognitive 
deficits following concussions. Each of these represents a 
different outcome that could be assessed through StARRT. 
An example of the process for a hypothetical case is shown 
in Table 19.1. For simplicity, Table 19.1 shows only the 
overall risk tolerance and omits the particular factors that 
affect it. 

In Table 19.1, Clinician A is the decision maker and 
evaluates the risk for each outcome. In this hypothetical 
example, Clinician A considered the risks acceptable 
and allowed RTP for 6/7 outcomes (column 3), but 
unacceptable for short-term disability. The overall RTP 
decision must represent the most restricted decision in the 
table and the athlete is not allowed to RTP. The process is 
in fact, the same as that which occurs when there is more 
than one injury (e.g. assessing overall restrictions for an 
athlete with a knee injury and an ankle injury). 

An ankle injury might result in an athlete only partially 
participating, but a concurrent knee injury might cause 
the clinician to restrict the athlete's activity to only weight 
training. The decision-making process for considering five 
outcomes on one injury in an athlete is the same as that 
for two outcomes on two injuries in an athlete: evaluate 

Table 19.1 Applying the StARRT framework for RTP 

across different short-term and long-term outcomes. The 

final decision is the one that imposes the most limiting 

restrictions of all the outcomes (no RTP in this example)9 

• . •rr.:1~-1.-,r- • •-~ 

Re-injury <10% Acceptable RTP 

Pain 50- 70% Acceptab le RTP 

Work disabi lity 20- 30% Not acceptable No RTP 

Performance 20- 40% Acceptab le RTP 

• • -
Osteoarthritis 2% Acceptable RTP 

Disability 2% Acceptable RTP 

Cost prohibitive 1% Acceptable RTP 



across all outcomes and the highest level of restriction 
becomes the overall restriction. 

Risk tolerance modifiers reflect contexts where risk 
tolerance is affected. These modifiers themselves have 
particular values (e.g. yes/no or a numerical value if a 
continuous scale) but are not necessarily risks themselves. 
For example, timing of the season is pre-season, regular 
season, finals/playoffs, off-season. In the finals/ playoffs, 
athletes are often playing at higher intensities and more 
aggressively, leading to increased risk of injury. This is 
captured in Step 2 under 'competitive level'. In addition, 
finals/ playoffs also have effects on financial compensation, 
ego and prestige, which are likely to affect risk tolerance 
in many contexts. Therefore, there may be contexts where 
timing of the season has minimal effect on risk assessment 
(Table 19.1, column 2), but large effects on risk tolerance 
(Table 19.1, column 3) or vice versa. 

Baseline risk tolerance simply refers to one's risk 
tolerance under some arbitrary set of values for the risk 
tolerance modifying factors. In the case of a knee injury, 
we might consider a 15% increased risk of re-injury 
(compared to the uninjured knee) as acceptable. If we 
believe an athlete's mental health state might be affected 
by not playing, we might raise the acceptable risk for a 
knee injury from 15% to 25%. Risk tolerance modifiers 
are defined by this interaction. Contrast this with the 
risk of osteoarthritis. If the risk of osteoarthritis is high 
(or low), we might prevent (or allow) RTP because of the 
risk of knee osteoarthritis, but it does not change our risk 
tolerance for the risk of knee re-injury per se. 

Additional perspectives 
The StARRT framework is a simplified version of a more 
complex process that can lead to decision-tree analysis. 
When evaluating any action, there must be a comparison 
with a different action, which may or may not be 'no 
action'. Table 19.2 illustrates the process for comparing 
action A (Allow RTP) with action B (Do not allow RTP). 

In making a decision, we are hoping for a particular 
outcome. 

Let us consider re-injury as our outcome of interest. 
If we allow RTP, the athlete may get injured or not get 
injured. The mental health of the athlete will likely be 
healthy because they are doing what they want to do. 
If we do not allow RTP, they cannot get injured. In this 
context, the mental health of the athlete may be unhealthy 
(if we are correct that preventing RTP is damaging to the 
psyche) or may be healthy (if we are not correct that 
preventing RTP is damaging to the psyche). 

In a full decision-tree analysis, one attaches probabilities 
to the results defined in each row of Table 19.2 (i.e. 
combination of physical and mental health). Preferably, 
the probabilities would be based on actual risk scores 
developed from surveillance or intervention studies 
(similar to Framingham risk score for cardiovascular 
disease 15). One could also include the severity of the 
outcome in terms of disability or decreased capacity. If 
we assume equal probabilities for each row (25%), one 
still has to make a value judgment whether being injured 
with a healthy mental state is better or worse than being 
uninjured with an unhealthy mental state. 

This is a value judgment and there are no algorithms 
or statistical analyses that can provide the best answer 
for an individual athlete. Statistically, one multiplies the 
probability by the value, but this calculation is based 
on several assumptions that may or may not be true. 
Regardless, the optimal choice will obviously depend on 
the disability and long-term consequences of the injury, 
the disability and long-term consequences associated 
with the poor mental health and the personal values of 
whoever is the decision maker. 

In reality, the probabilities will not be equal. But the 
question remains the same and only the proportions 
change. Is a 20% risk of injury with 10% risk of poor mental 
health a better choice than 0% chance of being injured 
with an 80% risk of poor mental health? 

Table 19.2 Hypothetical example for an RTP decision-tree analysis approach to RTP. Each action leads to a particular 

physical state and cognitive state. The probability for the combined physical and cognitive state is estimated, and 

the 'value' associated with the combined state is given a number between 0 (no value) and 100 (maximum value). 
The value associated with the state is multiplied by its probability of occurring to provide a total score. The total 

scores for each row associated with a particular action are summed and the decision is the action that provides 

the highest decision value 

Allow RTP Not injured Healthy 25% 100 25 37.5 

Allow RTP Injured Healthy 25% 50 12.5 

No RTP Not injured Healthy 25% 60 15 22.5 

No RTP Not injured Unhealthy 25% 30 7.5 
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WHO SHOULD BE THE DECISION MAKER? 
Within society at large, most people have the authority 
to make decisions about their own risks for health 
unless otherwise restricted by law (e.g. helmets while 
driving motorcycles in many countries). In the context 
of returning to play or work after an injury, the decision
making power is often shifted from the individual athlete 
to the healthcare clinician. For many people, this loss of 
autonomy can be challenging. 

In this section, we discuss different approaches 
to deciding who should have the authority to make 
the decision and when and why. A fairly complete 
list of possible options are: the athlete (or designated 
representative such as parent or power of attorney), any 
one of the clinicians (e.g. medical doctor, physiotherapist, 
athletic trainer, chiropractor, nurse, nutritionist), coach, 
management (e.g. sport association, team employer), 
athlete's family, agent or some multidisciplinary team 
made up of a combination of the above stakeholders. Some 
of these may be clearly inappropriate in some contexts, 
but the list is provided to highlight the different factors 
that need to be considered. 

Although power relationships within society are 
commonly studied in medical sociology, 16 this has not 
occurred within the context of RTP decisions. The 
interactions between the athlete, family, friends, agents, 
coaches, clinicians, and institutional or corporate managers 
are often complex and confusing. Although clinicians 
and athletes may 'negotiate' approaches to treatment, 17 

the clinician usually has ultimate decision-making power. 
When athletes avoid interaction with clinicians, 17 they 
retain power over the decision-making process by default 
except where the clinician's approval is expressly required. 

The first two steps of the StARRT framework require 
the capacity to evaluate risk. To our knowledge, there is 
no evidence examining if clinicians are actually better 
than non-clinicians at evaluating risk of sport injury or 
whether certain types of clinicians (e.g. medical doctors) 
are better at evaluating risk compared to other types of 
clinicians (e.g. physiotherapists). 

In one study, 14 we asked members of different Canadian 
sports medicine professional groups as well as athletes, 
coaches and sport associations to rank which professional 
group members might be best to answer such questions. 
First, most participants felt that medical doctors were 
the most capable of assessing the health of the tissue. 
However, when asked who was best to assess the risk 
of re-injury, short-term and long-term consequences, 
the members of each of the main clinical professions 
(medical doctors, physiotherapists, athletic therapists, 
chiropractors) generally felt that their own professional 
members had the greatest capacity to evaluate these risks 
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(e.g. physiotherapists believed physiotherapists were best, 
chiropractors believed chiropractors were best). 

On the other hand, official sport association members 
generally believed medical doctors were best, athletes 
believed physiotherapists were often equal to or 
better than medical doctors, and coaches believed 
physiotherapists and medical doctors were generally 
equal but medical doctors were better at assessing long
term consequences. When the same respondents were 
asked which group had the greatest capacity to assess the 
importance of risk tolerance modifiers, the athletes and 
coaches were generally considered the best. 

Although these results do not directly speak to who 
should have the authority to make the RTP decision, they 
do suggest that an informed decision requires information 
from several sources. Most importantly, the decision 
maker needs to act in the best interests of the athlete, 
which means they have to understand the best interests of 
the athlete. A coach might have the athlete's best interests 
at heart, but may not have the experience of watching 
people suffer with severe osteoarthritis and cannot 
evaluate the magnitude of disability. A medical doctor 
may have only limited contact with an athlete and not 
understand their wishes, dreams or psychological stability. 

In addition, as we have seen, there may be differences 
in opinion about how to weigh all the benefits and risks, 
but factors that benefit or harm others (i.e. not the athlete) 
should generally not be included in the decision-making 
process. Such factors can occur when there are power 
imbalances. For example, if a clinician is worried about 
losing his or her status as team doctor or physiotherapist as 
a result of restricting a player from playing, there may be an 
unconscious or conscious bias to allow the athlete to RTP 
even though the risk assessment suggests a risk higher than 
the decision maker's risk tolerance level in the absence 
of this fear. Similarly, a coach's performance is based on 
winning, which might (inappropriately) affect the risk 
tolerance level even though it is unrelated to the athlete's 
wellbeing. Table 19.3 summarises some major strengths 
and weaknesses of each of the stakeholders. The rest of this 
section discusses some particular points in more detail. 

Clinicians 
In the workers' compensation Injury context, a medical 
doctor's opinion is generally required to return to work 
following an injury. This is to protect the worker from 
unreasonable pressure by the employer. Because the 
medical doctor is independent, the assumption is that the 
medical doctor's opinion will be free of bias. This is also the 
current framework model for most of sports medicine. 

However, the external pressures in sport are different 
from the traditional work environment. In sport, the medical 



Table 19.3 Strengths and weaknesses when the decision maker is a particular stakeholder 

Medical doctor 

Team therapist' 

Other (e.g. 

nutritionist, 

psychologist) 

Non-c/m1c1ans 

Athlete 

Knowledge about injury risk and 

consequences of injury. More often not 

an employee of management so lower 

probability of coercion 

Knowledge about injury risk and 

consequences of injury. Generally know 

athletes better than medical doctors 

Similar to medical doctors and usually 

knowledgeable about injury/illness 

risk and consequences of injury/illness 

within their field of expertise 

Knowledge of the athlete's global needs 

is near complete (but not complete) . By 

definition, provides the best source for 

information about athlete's needs and 

values 

Less personal contact with individual athletes and may not 

understand them as well 

Usually an employee of management and may have less 

perceived power than medical doctor. This might mean more 

likely subject to coercion 

Usually a paid consultant to management. If perceived power is 

less than that of a medical doctor, then more subject to coercion 

Only has personal experience about injuries incurred so 

knowledge base is limited. Difficulty assessing risk. During 

heightened emotion of competition, may not be able to weigh 

the risks and benefits properly, even if given information . For 

injuries affecting cognition (e.g. concussion), informed consent 

is not possible 

Coach Often aware of athletes' strengths, desires Limited experience to evaluate risk. During heightened emotion 

and values. On occasion , will have a more of competition, may be difficult to evaluate risks properly. 

complete view of athlete's benefits such 

as sport career potential 

Family/ friends Often strong knowledge of athlete's 

global needs, desires and values 

Management (sport Often aware of career potential and the 

association / team) benefits (or lack thereof) that can occur 

with RTP 

Potential conflict if athlete may be important to win the game 

Least experience to evaluate risk. On occasion, could be 

motivated by own personal gains if athlete RTP 

Objective to win may increase risk tolerance even though 

athlete would not benefit 

• The term 'team therapist' is used to refer to a professional who is not a medical doctor and has clinical training to evaluate and treat sport injuries and 

illnesses. In some cases, the term used to represent a recognised clinical profession in one country represents a completely different (and unrecognised) 

profession in another country. Team therapists include physiotherapists, athletic therapists, sports therapists, sports rehabilitators, athletic trainers, 

chiropractors and massage therapists 

doctor is usually hired by the team and experiences dual 
allegiances. Although professional athletes may have access 
to non-team medical doctors when major conflicts arise, 
the team medical doctor usually retains the final decision
making power unless legal proceedings ensue. Therefore, 
unlike the workers' compensation context, medical doctors 
may indeed be subject to coercion. The same principle is 
true for all clinicians working for a team. Although financial 
remuneration will differ with each individual profession, 
team and region, one should not underestimate the power 
of social status even when clinical staff are unpaid. 

When several health professionals are involved in 
caring for an athlete, the lines of communication and 

authority must be clearly defined.1 Otherwise, what is 
already a complex situation for RTP is likely to become 
even more problematic. According to one consensus 
document, the essential elements for RTP decisions are 
the safety of the injured athlete and other athletes, as well 
as compliance with any rules or regulations. 1 Although 
some have mentioned that social and economic factors 
may create pressure for the clinician, the role such factors 
play in RTP has not been explicitly studied. 18 Because of 
the absence of clear recommendations, individual treating 
clinicians have been described as using their own value 
and belief systems which often include issues other than 
safety. 17 

291 



Athletes 
Making RTP decisions requires informed consent. The shon
term and long-term consequences of any decision must 
be evaluated Therefore, when an athlete's mental status is 
impaired, he or she would not normally be able to process 
the information. Although this is obviously the case in 
cenain injuries like concussion, one could also argue that it 
is the norm in any game or competition context. Simply put, 
the lack of time available during a competition, accompanied 
by the emotions that occur during the event, would be 
expected to affect the ability of almost anyone to process the 
complex interactions of factors and possible consequences 
of RTP. However, outside the context of a competition or 
game, the athlete would normally have the time available to 
become informed and to evaluate the different consequences 
with respect to all aspects of health. 

What motivates an athlete to want to RTP as soon as 
possible? In general, the internal factors include (1) that 
injury may represent a form of body-betrayal and a source 
of self-resentment, 19 and (2) psychological needs such as 
the desire to compete or 'love of the game '.20 In addition, 
the external factors21 include sociocultural influences, as 
well as greater status among peers and fans.2· 19 Not playing 
when injured can lead to identity crises, feelings of guilt 
and shame, or experiences of alienation from the team.20-22 

All of these factors can lead to low self-esteem and 
depression.2 

In some countries, there is a push towards medical care 
based on shared decision making for medical conditions.23 

The general concept is that clinicians are sources of 
information, and help patients through the maze of complex 
issues and values to achieve greater insight, and therefore 
panicipate in the decision-making process. This is in contrast 
to the traditional model where medical doctors are the 
authority and patients simply comply. Although some 
athletes would like to be more involved in RTP decisions 
themselves,20 others indicate they have learned to trust 
medical doctors and trainers to make decisions for them,22 

and believe it is imponant for medical personnel to prevent 
them from returning to spon prematurely.21 Conversely, 
some athletes have reponed being pressured into returning 
to spon too early by the medical doctor, trainer or coach.21 

The coach 
The primary role of the coach is to max1m1se athletic 
performance. Some coaches believe athletes can be caught 
in a 'risk-pain-injury paradox' and that one of the coach's 
functions is to push athletes to their limits without 
taking excessive risks.24 This may include competing 
while injured. Further, some coaches have suggested 
that medical personnel do not appreciate a need for an 
individualised approach or that delaying RTP can harm 
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the athlete psychologically. Coaches also see their role as 
managing unrealistic athlete expectations about progress 
following an injury and return to sport.21 

Family, friends, agents 
Family, friends, agents, and institutional or corporate 
managers all have interests in RTP decisions and their 
interactions are often complex and confusing. Although 
it is often believed these persons will place 'non-health 
issues' above 'health issues', it is apparent that when 
'health' is defined very narrowly, it may not represent the 
best interests of the athlete. 

Management 
It is clear that management's objective is to win and 
there is a strong possibility of conflict of interest. That 
said, management may have important information and 
perspectives to offer with respect to career potential. 

A multidisciplinary approach 
Ifwe assume that the RTP decision should be based on the 
best interests of the athlete, then each of the stakeholders 
represents a source of information about a different aspect 
of the athlete. With different personal and societal values, 
there is clearly not going to be one 'correct' answer 
for the vast majority of injuries in the vast majority of 
athletes. In this framework, the key component is to 
ensure the decision is being based on some combination 
of the athletes' needs, desires and interests, and that there 
is no coercion or misrepresentation of information. Could 
a multidisciplinary model achieve this? 

All stakeholders have a potential conflict of interest. 
Whether this manifests as a real conflict of interest depends 
on the individuals involved. Although a team approach does 
not eliminate this risk, its strength is that each team member 
can help ensure that others' (and their own) potential 
conflicts of interest are made transparent and documented 
This may temper the enthusiasm of some to inappropriately 
argue in favour of a decision that is mostly for their own self
benefit, as opposed to the wellbeing of the athlete. 

There remain significant challenges with a team 
approach. First, when decisions have to be made very 
quickly (e.g. during competition), a team approach is not 
always feasible. Second, a team approach does not eliminate 
contradicting values, but only brings them together in a 
transparent fashion. Decisions about risk assessment and 
risk tolerance can elicit strong emotions and there is a risk 
that systematising such decisions within a team approach 
may create interpersonal conflicts that would otherwise 
be avoided when there is one clear decision maker. Third, 
when there are conflicting opinions, a mechanism must 
be available to resolve the issue and come to a decision: 



either the athlete returns to activity or does not return 
to activity. 

Should there be a democratic vote with each member 
having one vote, or should some members' votes have 
greater weight than others to account for their different 
capacities and potential conflict of interests? Such a 
method seems difficult to operationalise, but would have 
the advantage of providing a significant voice to aspects 
of athletes' wellbeing that may otherwise go ignored. 
Exploring solutions to these challenges could be helpful in 
transforming the current model into one that maximises 
the chances for athletes' wellbeing to be the focus of the 
decision. 

SUMMARY 
In this chapter, we describe the StARRT framework for 
RTP decision making. The first two steps focus on risk 
assessment and the third step focuses on factors that 
alter the decision maker's risk tolerance. If the risk of the 
outcome is less than the risk tolerance after all factors are 
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considered, the decision should be to RTP. Otherwise, the 
decision should be not to RTP. 

The current decision-making process is embedded 
within a social context reflected principally by the values, 
beliefs and attitudes of a single decision maker. The steps 
in the process are not always transparent and can lead to 
confusion and unnecessary conflict. Although the medical 
doctor is often the ultimate decision maker, many organised 
sports do not have team doctors and other clinicians make 
these decisions. Theoretically, each of the stakeholders has 
information that might be helpful in understanding the 
best interests of the athlete, and each of the stakeholders is 
in a potential conflict of interest where their own interests 
may benefit from one decision or the other. 

Finding a solution is likely to be difficult. To borrow a 
thought from Winston Churchill, at the current time, our 
current process seems to be the worst form of decision 
making, 'except for all those other forms that have been 
tried from time to time'.25 But that doesn't mean we 
should stop trying yet. 
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Chapter 20 

Sports concussion 

with PAUL McCRORY, MICHAEL MAKDISSI , GAVIN DAVIS and MICHAEL TURNER 

I've been knocked our a few rimes in rhere, bur I have no idea 
how many concussions I've ever had. 

Hulk Hogan 

Although head injuries are common in all contact sports, 
the vast majority are minor. Sports in which minor head 
injuries are commonly observed include equestrian sports, 
various codes of football, boxing, gymnastics and martial 
arts. The incidence ranges from 0.25-9 per 1000 player 
hours of exposure in professional team sports. Amateur 
point-to-point (cross-country) jockeys have the highest 
concussion rate of any sport (95 concussions per 1000 
player hours of exposure), followed by professional 
jumps and flat jockeys. With increasing media awareness, 
more concussions are being reported; however, direct 
epidemiological comparisons between sports are limited 
by methodological issues. 

Head injuries of all levels are a medical emergency 
because they can prove fatal if misdiagnosed or incorrectly 
managed. The clinician's role in the management of acute 
head injuries is to (i) recognise the problem, (ii) ensure 
immediate resuscitation (if required) and (iii) transfer the 
injured athlete to the appropriate facility. 

In this chapter we cover the following topics: 

• definition 
• prevention of concussion 
• clinically relevant pathophysiology 
• management of the concussed athlete 
• complications of concussion 
• return to play issues. 

The chapter helps the reader to learn to diagnose and 
manage concussions in sport using the Sport Concussion 
Assessment Tool 3 (SCAT3™)1 (Fig. 20.2), the Pocket 
Concussion Recognition Tool™ (Pocket CRT)2 (Fig. 20.3) 
and Child SCAT3™ (Fig. 20.6). 
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We emphasise that the SCAT3 tools and the Pocket 
CRT are critical aspects of concussion management, 
as they are the result of more than 10 years of global 
collaboration and development by experts, at the 4th 
International Consensus Conference on Concussion in 
Sport held in Zurich in November 2012 (Fig. 20.1). These 
tools are designed to standardise the medical assessment 
and create a framework for the diagnosis of an acute 
concussion. 

PRACTICE PEARL 

The SCAT3, (Fig. 20.2) Child SCAT3 (Fig. 20.6) and 

Pocket CRT (Fig. 20.3) are derived from international 

conferences on concussion in sport and have been 

used internationally to assist clinicians and athletes 

reach 'quality decisions' about return to play (RTP) 

following concussion. 

DEFINITION 
'Concussion' is the term commonly used to describe a 
subtype of head injury. It is worth noting that the terms 
concussion and 'mild traumatic brain injury' (MTBI) refer 
to entirely different injury constructs and the terms cannot 
be used interchangeably. While concussion is a subset 
of mild traumatic brain injury, the converse is not true. 
A term often used in Europe is commori~o cerebri, which 
has the same meaning as concussion in this setting. 

Some publications on concussion refer to the Glasgow 
Coma Scale (GCS) as a means of classifying traumatic brain 



Figure 20.1 The Concussion in Sport Group met in Berlin 

in October 2016. Their updated consensus statement 

and systematic reviews will be available in peer-reviewed 

journals including the British Journal of Sports Medicine 

(BJSM) by May 2017 
COVER REPRODUCED WITH PERMISSION FROM BMJ GROUP AND 

CONCUSSION IN SPORT GROUP 

Definition of concussion 

injury (TB!). This is a validated and widely used measure of 
conscious state used in the assessment of TBI. Its primary 
role is in the monitoring of serial change in neurological 
status post-injury, which is critical in determining the 
need for further intervention. It also has a secondary role 
in determining the prognosis of TB! by subdividing the 
spectrum of injury into mild, moderate and severe TB! 
based on an assessment at 6 hours post injury. The scale, 
however, does not encompass sport concussion due to the 
mild nature of the symptoms involved and the fact that 
many concussion symptoms affecting the conscious state 
are well and truly resolved by 6 hours. 

The 4th International Consensus Conference on 
Concussion in Sport re-affirmed the clinical definition of 
sports concussion reached previously by experts at earlier 
meetings (see box below).3-6 

PREVENTION OF CONCUSSION 
There is no good clinical evidence that currently available 
protective equipment will prevent concussion, although 
mouth guards have a clear role in preventing dental and 
ore-facial injury.7- 10 Biomechanical studies have shown 
a small reduction in impact forces to the brain with the 
use of commercially available helmets, but these findings 
have not been translated to show a reduction in concussion 
incidence in published RCTs. For skiing and snowboarding 
there are a number of studies to suggest that helmets 
provide protection against head and facial injury and hence 
should be recommended for participants in alpine sports. In 
specific sports such as cycling, motor and equestrian sports, 
protective helmets may prevent other forms of head injury 
(e.g. skull fracture) that are related to falling on hard road 
surfaces and these may be an important injury prevention 
issue for those sports.7 

Concussion is defined as a complex pathophysiological process affecting the brain, induced by traumatic biomechanical forces. 

Several common features that incorporate clinical, pathologic and biomechanical injury constructs that may be utilised in defining 

the nature of a concussive head injury include: 

1. Concussion may be caused either by a direct blow to the head, face, neck, or elsewhere on the body with an 'impulsive' force 

transmitted to the head. 

2. Concussion typically results in the rapid onset of short-lived impairment of neurologic function that resolves spontaneously. 

However, in some cases symptoms and signs may evolve over a number of minutes to hours. 

3. Concussion may result in neuropathological changes, but the acute clinical symptoms largely reflect a functional disturbance 

rather than a structural injury and, as such, no abnormality is seen on standard structural neuroimaging studies. 

4. Concussion results in a graded set of clinical symptoms that may or may not involve loss of consciousness. Resolution of 

the clinical and cognitive symptoms typically follows a sequential course. However, it is important to note that in some cases 

symptoms may be prolonged. 

It is expected that future evolution of the definition of concussion will encompass clinical features, imaging changes, 

biomarkers, proteomics, epigenetic changes and genotype in a more comprehensive matrix of post-injury changes. 
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The major concern with the recommendation for 
helmet use in sport is the phenomenon known as 'risk 
compensation', whereby helmeted athletes change 
their playing behaviour in the misguided belief that the 
protective equipment will stop all injury. This is where 
the use of protective equipment results in behavioural 
change such as the adoption of more dangerous playing 
techniques, which can result in a paradoxical increase 
in injury rates. This may be a particular concern in child 
and adolescent athletes where head injury rates are often 
higher than in adult athletes.11 

Consideration of rule changes to reduce the head 
injury incidence or severity may be appropriate where 
a definite mechanism is implicated in a particular 
sport. An example of this is in soccer where research 
studies demonstrated that upper limb to head contact 
in heading contests accounted for approximately 50% 
of concussions.12 Rule changes have recently been 
introduced in certain sports (e.g. rugby) to allow an 
effective off-field medical assessment to occur without 
compromising the athlete's welfare, affecting the flow 
of the game or unduly penalising the player's team. It is 
important to note that rule enforcement is a critical aspect 
of modifying injury risk in these settings and referees play 
an important role in this regard. 

The competitive/aggressive nature of sport, which 
makes it fun to play and watch, should not be discouraged. 
However, sporting organisations should be encouraged to 
address violent conduct that may increase concussion risk. 
Fair play and respect should be supported as key elements 
of sport.13 

THE INITIAL IMPACT: APPLIED 
PATHOPHYSIOLOGY 
In a concussion, the athlete has sustained a significant 
impact to the brain. Although the pathophysiology 
of concussion remains poorly understood, the current 
consensus is that it reflects a disturbance of brain 
function rather than a structural injury. The impact sets 
in train a number of physiological mechanisms including 
a neurochemical metabolic cascade, lipid peroxidation, 
tau phosphorylation and amyloid folding, in addition to 
membrane gene-expression changes. Unlike more severe 
brain injury, these changes are not related to structural or 
neuropathological damage. 

The concussed athlete, although conscious and without 
obvious focal neurological signs, may have impaired higher 
cortical function, for example, impaired short-term memory 
and speed of information processes. These subtle cognitive 
changes may only be detected by neuropsychological 
testing (discussed later in this chapter). While there 
are no gross structural changes on traditional imaging, 
newer imaging techniques (such as functional MRI or 
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connectomics) demonstrate transient alterations in brain 
function following concussion. The clinical significance 
of these results remains unclear. Subtle functional deficits 
are also suggested by recent work on eye movement 
abnormalities in the setting of TB!. These have been used 
as markers in other neurological diseases (e.g. Huntington's 
disease) and can be measured relatively easily. 

Following a blow to the head, the athlete's conscious 
state may be altered. This may vary from simply being 
stunned to a significant loss of consciousness. Memory 
is typically affected in a concussive episode. A period of 
retrograde amnesia, that is, loss of memory of events prior 
to the incident, or anterograde amnesia, that is, loss of 
memory of events after the incident, may follow minor 
head injury. 

The ability to think clearly, concentrate on tasks and 
process information may also be affected. Concussive 
symptoms such as headache, dizziness, blurred vision 
and nausea, as well as reduced reaction times, may place 
the athlete at risk of injury if they return to sport before 
symptoms have resolved. 

Frequently, in episodes of mild concussion ('bell 
ringers'), the athlete will be dazed or stunned for a period 
of seconds only and continue playing. The other players 
and coaches may be unaware that a concussive episode 
has occurred. Any visual clues or signs and symptoms, 
as highlighted on the Pocket CRT, can be indicative of 
concussive injury. As such, it is recommended that alert 
medical and training staff should closely observe the 
actions of a player who has received a knock to the head 
for signs or symptoms of concussion. 

It is a key aspect of concussion management that 
athletes are educated regarding the significance of 
concussion injuries and the importance of reporting 
symptoms to medical staff. While athletes may try to 
minimise problems to avoid removal from play, they may 
increase their risk of short and long-term problems related 
to the concussion. 

MANAGEMENT OF THE 
CONCUSSED ATHLETE 
Patient management is discussed in the on-field setting 
and with respect to return to play. 

On-field management 
Every athlete who sustains a head injury is at risk of 
having a structural brain or neck injury (e.g. brain 
contusion or cervical spine fracture). One of the critical 
roles of the initial medical assessment is to examine the 
player neurologically for such injuries. Having said that, 
it is not possible on the sidelines to absolutely exclude 
structural brain injury especially when a player may have 
ongoing cognitive impairment that limits examination or 



where structural injury (e.g. subdural haematomas) may 
take time to develop post injury. 

Clinical features that may raise concerns of structural 
injury include: 

• the mechanism of injury, particularly if there is a high 
velocity of impact or collision with an unyielding body 
part (e.g. head to knee impact) or where the injury 
involves a vertical fall (e.g. fall from a horse, spear 
tackle in rugby) 

• immediate and/or prolonged loss of consciousness 
• evidence of a skull fracture and/or bleeding or 

cerebrospinal fluid (CSF) leak from ears/nose 
• examination finding of a focal neurological deficit 
• seizure 
• progression of any clinical features over time. 

Any deterioration in clinical state, in particular 
worsening headache, nausea or vomiting, or deterioration 
in conscious state, should raise suspicion of a structural 
head injury and warrant urgent investigation. Similarly, 
structural head injury should be kept in mind in any case 
where symptoms persist beyond 10 days. 

A player with a suspected structural head injury 
requires immediate transport to a hospital with a 
neurosurgical unit and urgent computerised tomography 
(CT) brain scan to exclude intracranial pathology 
(e.g. haemorrhage, swelling) and to exclude/manage any 
associated cervical spine injury. 

It is essential that all team physicians who have an 
on-field injury management role in their sport have formal 
training and certification in both first aid and trauma 
management. Depending upon the country concerned, 
there may be regional differences in certification and 
accreditation courses; some of the best known include 
Advanced Trauma Life Support (ATLS); Emergency 
Management of Severe Trauma (EMST); Pre-Hospital 
Emergency Care Course (PHECC); Pre-Hospital Trauma Life 
Support (PHTLS) and the British Association of Immediate 
Care Course (BASICS). This list is not exhaustive; all these 
courses deliver the skill-set required to appropriately and 
safely manage acute injuries. A medical degree alone is 
insufficient training in this regard. 

The initial priorities when confronted by an acutely 
injured athlete are the basic principles of first aid. The 
simple mnemonic DRABC may be a useful aide-memoire. 

D Danger Ensure that there are no immediate 

environmental dangers that may 

potentially Injure the patient or treatment 

team. This may Involve stopping play In 

a football match or marshalling cars on a 

motor racetrack. 

R Response Is the patient conscious? Can he/she talk? 

A Airway Ensure a clear and unobstructed airway. 

Remove any mouth guard or dental 

device that may be present. 

B Breathing Ensure the patient Is breathing 

adequately. 

C Circulation Ensure an adequate circulation. 

Once the basic first aid aspects of care have been 
achieved and the patient is stabilised, consideration of 
removal of the patient from the field to an appropriate 
facility for further assessment is necessary. At this time, 
careful assessment for the presence of a cervical spinal cord 
or other injury is necessary. If an alert patient complains of 
neck pain, has evidence of neck tenderness or deformity, 
or has neurological signs suggestive of a spinal injury, then 
neck bracing and transport on a suitable spinal frame is 
required. If the patient is unconscious, then a cervical 
injury should be assumed until proven otherwise. Airway 
protection takes precedence over any potential spinal 
injury. In this situation, the removal of helmets or other 
head protectors should only be performed by individuals 
trained in this aspect of trauma management. 

The clinical management of a concussed athlete 
may involve the treatment of a disorientated, confused, 
unconscious, uncooperative or convulsing patient 
(see Table 20.1 for other symptoms and signs of 
concussion). The immediate treatment priorities remain 
the basic first aid principles outlined above. Once this 
has been established and the patient stabilised, a full 
medical and neurological assessment exam should 
follow. On site physicians are in an ideal position to 
initiate the critical early steps in an athlete's care to 
ensure optimal recovery from a head injury. Typically, 
with a medical doctor present on the sidelines the more 
detailed assessment of the injured athlete would occur 
in the medical rooms where a quiet and unhurried 
environment exists. This would be the normal situation 
in the case of an athlete that is conscious and without 
a spinal cord injury. In some situations, where no 
doctor is present, safe removal to a hospital emergency 
department is the correct approach. 

When examining a concussed athlete, a full 
neurological examination is important. Because the major 
management priorities at this stage are to establish an 
accurate diagnosis and exclude a potentially catastrophic 
intracranial injury, this part of the examination should be 
particularly thorough. Having determined the presence 
of a concussive injury, the patient needs to be serially 
monitored until full recovery ensues. In the acute 
situation following a traumatic brain injury of any severity, 
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Table 20.1 Symptoms and signs of concussion 

Headache 

Dizziness 

Nausea or vomiting 

Unsteadiness or loss of balance 

Confusion 

Unaware of period, opposition, score of game 

Feeling 'd inged', stunned or 'dazed' 

Seeing stars or flashing lights 

Ring ing in the ears 

Doub le vision or blurred v ision 

conscious state is the key element to assess initially. This 
is measured in the GCS which is included in the SCAT3. 

Once severe brain or cervical spine injury has been 
excluded, the most important components of concussion 
management include: 

• confirming the diagnosis (includes differentiating from 
other pathologies, e.g. post-traumatic headaches) 

• determining when the player has fully recovered so 
that he/she can safely return to competition. 

Confirming the diagnosis 
Common symptoms of concussion include headache, 
nausea, dizziness and balance problems, blurred vision or 
other visual disturbance, confusion, memory loss and a 
feeling of slowness or fatigue (Table 20.1). Many of these 
symptoms are not specific to concussion. Nevertheless, 
concussion should be suspected in any player who 
presents with any of these symptoms following a 
collision or direct trauma to the head. When performing 
an on-field assessment it is suggested that the CRT 
(Fig. 20.3) be utilised as a rapid means of making such 
assessment. 

Clinical features that are more likely to suggest a 
diagnosis of concussion include loss of consciousness 
(LOC), concussive convulsions, confusion or attention 
deficit, memory disturbance and balance disturbance. 

PRACTICE PEARL 

If a concussion is suspected, the player should 

be removed from the playing environment, with 

appropriate care of the cervical spine and evaluated 

in a place free from distraction (e.g. medical room). 
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Loss of consciousness or impaired consc ious state 

Poor coord ination o r balance 

Concussive convu lsion or impact seizure 

Unsteady gait or loss of ba lance 

Slow to answer questions o r fo llow directions 

Easily distracted, poor concentration 

Displaying unusual or inappropriate emot ions 

Vacant stare o r glassy eyed 

Slurred speech 

Personality changes 

Inappropriate playing behaviour 

Significantly decreased playing ability 

Double vision or blurred vision 

These may not be present in all cases and in some cases 
may present in a delayed fashion. The assessment as per 
the SCAT3 (Fig 20.2) form should be used and focus on: 

• symptom checklist 
• tests of cognitive function (e.g. Maddocks' questions, 

Standardised Assessment of Concussion [SAC]) 
• tests of balance function 
• neurological examination. 

One of the critical aspects of the SCAT3 is that it 
should be used after 10 minutes have passed following the 
injury. In that time, the clinician should ensure that the 
first aid priorities have been completed, a GCS recorded, 
spinal and other injuries excluded and the opportunity to 
review any video of the incident (if available) completed. 
This delay in the concussion assessment is important as, 
in many cases, the concussion injury is an evolving one 
and many athletes only begin to exhibit symptoms and 
signs several minutes after injury. If the SCAT3 is done too 
early following the injury, then the critical concussion 
features may be missed. 

Any player with symptoms and/or evidence of a 
disturbance of cognitive function (e.g. LOC, balance 
disturbance, disorientation or cognitive deficit) can be 
considered to have a concussive injury. Once concussion 
is medically diagnosed then the player should be removed 
from the game or training and not return to play on that 
day (Fig 20.4). As a general rule, even in cases where the 
diagnosis is not entirely clear, a conservative approach 
should be adopted ('If in doubc sic chem our'). 

For practical purposes, the CRT (Fig. 20.3) can 
be utilised on-field or on the sideline to screen for 
concussion and once concussion is diagnosed, the 
player removed to the medical room and the full SCAT3 



SCAT3™ IJi FIFN 

Sport Concussion Assessment Tool - 3rd Edition 

(a) 

For use by medKal professionals only 

Name 

What is the SCAT3?1 

Date/T,me ot lnJuty 
Dale oi As,\e'iSffiMt 

n,e SCAT3 •s a standardized tool tor evaluating ,niured athletes 1or concussion 
and can bE;) u~d in ctthtele'.'> ~g~d fr<l rn t3 y~Ar:,. ~nd old1;>r It -,up~1wde$ the 0119• 
inal SCAT and the SCAT2 publish{>d in .200S ,md 2009, re1,pectively: . For younge, 
persons, ages 12 and under, please use the Ch,ld SCAT3 . The SCAT3 1s designed 
fo: use by med1(dl P,off;'>!>'l,IQr)dl~ . If you di{' not QUdl1f1ed . ple<l!,E' U'l,E;> the Sport 

Concussiof\ RecognitiOI) Toor. Ptewason bawhM testing wrtli the SCAJ3 can be 
helpftil for ,ntt'rprehng post-inJUIY test S<ores 

Sp&:ific 1nmuctions tor use o! ttie SCAB are- p,o._.ided on page- 3. 11 you .1rc oot 
fam,lia, with the SCAB, plea\.t' read through 1hese mwuctIons ca1efully This 
tool m.ty be freely copu~d m 11S cu,rent form fo, d1m,bu1,on 10 ind1v,duaI.-.. te.}frlS., 
groups and organlzat,ons. Any revision or any reproduction in a digital form rn 
qwres approval by 1he C oncussIon m Sport G1oup 
NOil: The diaqnosis of d con,uss.-on ,s ,:1 dintul 1udqmen1, 1@,1lly rr-.ade by a 
mcdrc.1I professional. The SCAB should oot be used solely to mat-:.e, or e.i:clud~. 
the d1a9nos1s of concuss.ion ,n 1he absence of chmcal Jtidgement An athlete may 
~~'t' c1 concus.s1on e-..oe,n if then SCAB is "normal". 

What is a concussion? 
A concus,;ion is. a disturbance In brain funchon caused by a direct or indirect force 
to the head . It ,~ulh 1n ~ wmety of non•we<1f1c !i-lgns and/or symploms (wme 
examples listed below} dOd most olten does not 1ovo1 ... e ross. of coos.ciousnes.s 
Concussion should be susl)E'cled ,n the presence of any one or more of the 
follow,ng: 

• Symploms (e.9 .. headache), or 
. Physical signs (e.g ., uns.te,:1d1flesst or 
• Impaired brdin function (e.g. confusion) or 
• Abno,mal behc1v1our (e.g .. change tn personr1hty) 

SIDELINE ASSESSMENT 
Indications for Emergency Management 
NOTE: A hit to the head un ~omehmP.~ ~ .issooa1ed w•lh a morl:.' s.er1ou:i bra,n 
injury Aoy ol the fotlowing warrants. cons.1derat1on of act111at1ng eme,gcnq, pro• 
<edures and urgent t,an;portatton 10 the ner1rest hospital 

• Glasgow Coma 'i(ore le>s U1on 15 
• DE:.>te1101c1t109 men1a1 statu!. 
, Potential s,:iinJI injury 
· P,ogres.sive. wor,;cnrng symptoms. 01 new neurologic signs 

Potential signs of concussion? 
If .1ny of the iollawing s,gns. arc obs.erV<'d aflc, a d1tcct or ,nd1rect blow to 1he 
head. 1he athlele should , top participa11on. be evaluated by r1 medical l)!Oles· 
sional and should not be permitted to retu,n to sport the same day ,I a 
concussion is suspected. 

Any loss of conscioosne-s,;? y N 

" If so. how long?" 

Balance or mo10I incoord1nabon ~ slowJlaboutedmlMIM!IIU.etc.)? y N 

D1wr1entc1t1ono, confusion (inalliitytore-s,ondaHroprlaite.,.toquestiaofls)? y N 

Loss of memory y N 

" If so. how long?~ 

"Before 01 after the 11'\jury? • 

Blank or vacant lr.iok · y N 

V1s1ble fdc:1.1I In1ury In comh1nc:tl1on with any of the- ~bove y N 

Figure 20.2 SCAT3™ 
REPRODUCED WITH PERMISSION FROM BRITISH JOURNAL OF SPORTS MEDICINE 

Glasgow coma scale (GCS) 
B@st @y@ r-Mpons~ (E) 

No eye opening 

Eye opening In response to pain 

Eye opening to speech 

E.yes opening spontaneously 

Best 1'erba l response (V) 

No verbal ,esponse 
Incomprehensible sounds 

1napJ)l'otma1e words 
Confused 

Oriented 

Best motor response (M) 

No motor response 

ExtenS10n to pain 

Abnormal fleXJOn 10 pain 

flexion/Wtthdrawr:i110 pain 

localizes to pain 

Obeys commands 

Glasgow Coma score (E + V + M) 

<iCS. s.hould be re<011ded fo1 all <11hletes ill c,ne of ~ub-se,quent de1erioration, 

Maddocks Score3 

-1,a,mgo.i-'19 ro ,Uk youi fw,,quesrKJrnS, pk!,ase lrtlM ccNefuffy aMJgwe')OUl'OOS-t f!lifYl • 

Modified Mc1ddod:s questI0f1$ (I point lor e,ach correct ans....,e1) 

What venue a,e we at today1 

Which halt is It llOW? 

Who scored last in th.s mat-eh? 

What team did )'OU play last week./game? 

Did your team win the- last game? 

Maddocks score 

0 

0 

0 

0 

0 

Maddod:!. "S-COre i!. validated for ~eline dtagno!Js of coocu~on ooly and 1!. not u~ed far!.er1i!I t51iflg 

Notes: Mechanism of tnjuryC-ttll111twflat:hatl,fnecrn: 

Any athlete with a suspected concussion should be REMOVED 
FROM PLAY, medically assessed, monitored for deterioration 
(i.e .. should not be left alone) and should not drive a motor vehicle 
until cleared to do so by a medical prole$$ional. No athlete diag
nosed with concussion should be returned to sports participation 
on the day of Injury. 
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BACKGROUND 

Name: Date: 

Examiner: 

Sport/team,-school: 
Age-

Dau~t11me of In1ury; 

Gender· 

Years of education completed 

Dominant hand: nght 

How many conc:urnons do you think you have hod 1n the pa-s;t7 

When was the most recen1 coocussion? 

How long was your fecDYery from the most recent concussion? 

left 

M 

neither 

Ha~e you ever lx!en hosp1tal1Z.ed or had medic.al imaging done for Y 
a head iniuryi' 

Ha"e yotJ ever tJ.een d1ag110Sed with headadles or m1g,ames.? Y 

Do you ha'/€ a learmng d1S£1b1lny, dyslexia, ADD/ADHD7 Y 

Have you ever been diagnosed with depression. aruaety Y 
or other ps.ychfatrk disorder? 

Has anyone rn yow family e"et been diagnosed Wlth 
.any of these p,oblems? 

Are you on any med1cat1ons7 If yes.. please list: 

y 

y 

N 

N 

N 

N 

N 

N 

SCAT3 to be done in resting state. Best done 1D or more minutes post ex<ercise. 

SYMPTOM EVALUATION 

~ w do you feel? 

(b) 

"You should ,core yoors,11 on the lo/loMng SJ'TllPtomt bis,d on how you feel now·, 

none ""Id modeta1t' ,.,.,. 
Headache 0 3 

"P,essu,e 1n head"' 0 3 
Neck Pain 0 3 5 

Nausea or V01T1111ng 0 3 6 

D1zz1ness 0 3 6 
Blurred ..,,sion 0 

Balance problems 0 4 6 

SenSIUYity to hght 0 

Sens.t1Y1ty to noise 0 

Feeling slowed down 0 

Feeling like '" 1n a fog" 0 

"Don' t f,e,el r•ghl "' 0 

Odhculty concentratmg 0 

Olfhculty remembering 0 

Fcmgue or low energy 0 

Confusion 0 

Dro~iness. 0 5 6 

TroulJle falling as.leEp 0 

More emot101'\2ll 0 

lmtab1l1ty 0 

Sad11ess. 0 

Nervous or Anxious 0 

Total number of symploms (Maximum po$~b1e- 22) 

Symptom severity score !Mixlmum posslblt 132) 

Do the symptoms g-et worse with phy~cal act1v11y? 

Do the symptoms gel worse with mental actwity7 

3 

y 

self rated 

cllnioan 1nterv1ew 

self rated a11d dmioan momlored 

self rated With parent input 

N 

N 

Overall rating: If )'Ou know the athle1e ~veil prior to the in1ury, hO\'M' different ,s 
the athlete acting compared to his/her usual self7 

Ple-.asl!cirdeonl! respons.e: 

no d1fferen1 veryd1fferen1 unsure N/A 

Scoring on the SCATl should not b@ used as a stand aton@ method 
to diagnose concussion measure recovery or make decisions about 
an athletes readiness to return to competition after concussion. 
Since signs and symptoms may evolve over t ime it is important to 
consider repeat evaluation In the acute assessment of concussion. 

Figure 20.2 (cont.) SCAT3'" 
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COGNITIVE & PHYSICAL EVALUATION 

Cognitive assessment 
Standardized Assessment of Concussion (SAC)• 

Orientation (1 point l0r c-G(h co,recl .an5"1~r) 

VVh.11 month 1s it? 

What is tile date today? 

Whal cs the day of tile week? 

Wha1ye,ar1s it? 

What trm(! IS I\ r19hl no.,i'l !wilhlr1 I l)ouf} 

Orientation score 

Immediate memory 

Un fr.all Trr.al2 TM13 All~rllilll\'E!WClldllst 

elb01,v 0 0 1 candle baby fmger 

apple 0 0 1 paper monkey penny 

carpE-l 0 0 I sugar per-fume blanket 

saddle 0 0 I s.andwich sunset lemon 

bubble 0 0 I wagon Iron msect 
Total 

Immediate memory $tore total ol 15 

Concentration : Digits Backward 

U~t Trial I Al1erraatM' dlg1111~1 

4,9.3 1 6,2,9 5,2,6 4-1-5 

3-8-1-4 1 3-2-7-9 1-7-9-5 4-9·6·8 

6·2·9•7•1 1·5·2·8·6 3·8·5·2-7 6,1,8,4,3 

7•1-8•4•6-2 I 5.3.9.1-• -8 8,3, 1-9,6-4 7-2-4,8-5-6 

Total of 4 

Concentration : Month in Reverse Order (1 pt, fortnllrt 1eq1.1tl'Kt co111c1) 

Dec-Nov-Oct-Sept-Aug-lul-Jun-May-Apr-Mar-Fel>•Jao 

Concentration $Core of s 

11 Neck Examination: 
Range of motion 

indings: 

Tenderne~ Uppet and lower limb sensa11on strength 

--Balance examination 
Oo or1t or bolh al tilt followmg ltSI~. 

Footwear (shoes, barefoo1, bra<es, tape, etc.) 

Modified Balance Error Scoring Syst.em (BESS) testing1 

Which fool was tesled {I.e. 'Mlkb ls 1h, non-domlnanl foot) 

Testing surface (hard floor, field, elC.) 

Condltion 

Double leg 'Stance: 

Single legs.lance (noo-doml1t1t11 fool): 

Tandem stance (noo•domlr1iml f001 ill back): 

And / Or 

T,i11ndem 9;1;it 

Trme {besl ol trl111\s): s.econds. 

.-Coordination examination 
Upp-er limb coordination 

Wtuch arm was tested. 

Coordination score 

llJ SAC Delayed Recall• 
Delayed recall score 

Leh Right 

Errors. 

Errors. 

ErrOfs 

Left Right 

ofl 

1 

j 



INSTRUCTIONS 
Words in Italics throughout the SCAB are the tnstructtons given to the athlete by 
the tester. 

Symptom Scale 
.. You should score yours.elf on the following symptoms, b.3s00 on hov, you I~ now" 

To be completed by the athlete. In situations where the symptom scale is bemg 
completed after exercise. 1t should still be done 1n a resting state. at least 10 minutes 
post exefcise. 
Fo, 1otal riumbtr of symptoms. maximurn possible is 22. 
fo1 Symptom severity xore. odd all s<o1es m table, maximum possible is 22116 = 131 

SAC 4 

Immediate Memory 

~, am gomg to test your memo,y I will read you a r;sr of words and when J am done, repeat 
back as many vvords .as you c<1n remember. 1n any on:kt. • 

Trials2&3: 

"I am go·ng ro tepeat the Sdtne lilt again. R~t biJck d5 mdny words as you c~n remember in 
,my order, even if )'OU said the word before." 

Complete all 3 11ials regaIdless oi score 011 trial 1 & 2 Rt>ad 1he wa1ds a1 a •ate ol one pe, second . 
ScorE- 1 pt. for ectch correct ruponse. Total 5core e-quals sum ac,o~s all 3 uial~. Do 11ot inform 
lhe ilthlele ?hilt delayed re-call will be te~ted 

Concentration 
Digits backward 

·1 am going to read you a stnng of numbers and when I am done, you repeat rhem back to 
me backwMds, in reverse order of /tt::NI I r&1d them to you. For e-'dmp/e, if I say 1· 1-9, you 
would SdY 9· 1 ·l.. 

If cone<t go to 11ex1 strmg length. If in<or1ec1, 1edd t11dl i. One point posslble for each siring 
length. Stop ahe, 1ncoue:ct on bo1il 11 ials. The digi,s. should be read at the ,ace of one p,e, second. 

Months in reverse order 

"Now UNI me the monrhs of the year in ,~verse order. 5r~rt with the ldSt month and go 
biJCkw.>rd. Soyou·llsdyDecember, November ... Go ahead· 

1 pt. for entire sequence correct 

Delayed Recall 
The delayed recall should be pe1formed after completion of the 8alance and Coor• 
dioation E:icamrnatioo 

·0o you remember that ltjtof words I r&1d ~ few times &1rl1er? Tell ~ds many words from the 
list as you c"'n remembfor in dny atdet. M 

Score 1 pt. for each cor,ect response 

Balance Examination 
Modified Balance Error Scoring System (BESS) testing• 

This balance testing 1s based on a modified version of the Balance Error Scoung 
System (BESSt. A stopwatch or watch with a second hand is required for this testing. 

·1 dffl now going to test your balance. Pl<!dse tdkE' your shoe5 off, roll up your pant legs above 
ankle lit applicable), and remove any ank~ taping (if applicable). Thrs resr will consist of rhree 
tvi'E'fJty second fe5f5 vvtth different srances • 

(a) Double leg stance: 

·roo first stance is stcJnding with your feet together with )"Out h.Jnds on you, /JJ'ps dnd with 
youf eyes closed. You should try to mamtain staMity in that position for 20 .s«Of1ds. I will be 
count;ng the number of time-s you move out of rhis posio'on. I will start timing when you are 
ser and ~ve closed your E"fEIS. • 

(b) Single leg stance: 

•rf you we,e to kick a ball. which foot would you tJse? [This ~•11/1 be the dominant foot] Now 
stand on your non-dominant foot. The dominant leg should be held in approiimarfJly 30 de• 
grees of hip flex ion and 45 degrees of knee flexion. Again. y'O<I should rry to maintain statNliry 
for 20 s«onds v11rh ,Y0<,1r hands on your hips and your eyes closed. I will be counrmg the 
nvmber of rimts y'Otl mo-.~ out of this position. If )OU stumble- our of rh~ pos,rion, open your 
eyes .1nd return to the stdrt posttiafl ¥Id continue twan<mg. t wilJ SfMt timing whE>fl you .Jre 
set iJnd hd~ closed your eye5.; 

(c) Tandem stance: 

"Now srand heeHo-r:oe with your non-dominant foor in back. Your weight should be even,Y 
disrntxsrt-d ocross both feet. Again, you s/10<1/d try ro m~ntjrn sMbility for 20 s«ond$ w,th 
)"O(Jr hands Of1 ~r hips .Jnd )"O(Jr ~ c/owd. I IMII be counting the numMf of rimes you 
~ out of thi's pos,·1,on. If you stumble out of this po5ition, open your eyes dnd ,etum lo 
the .st.itrt position dnd continue bal.Jncing. I wi/1.sldrt timing when you are set iJnd h,n·e clos«J 
yoo,eyes .• 

(c) 

Figure 20.2 (cont.) SCAT3'" 

Barance testing - types of errors 

1. Hands lifted off ihac crest 
2 . Opening eye; 

3. Step. stumble. or fall 
4. Moving hip into> 30 degrees abduction 
5. liftmg forefoot or heel 
6. Remaining out of test position > S sec 

E.ach of the 20-second tri.als ,s scored by counting the errors. or de..,1c1tions from 
the proper stcJnce. accumul,31ed by the <1thfe1e. The examiner will begin counting 
errors only after the individual has assumed the proper start position. Th@ modified 
BESS is calculat@d by adding one error point for each error during th@ thr@@ 
20-second tests. The maximum total number of errors for any single con~ 
dition is 10. If a athlete commits multiple efrors simultcineously. only one euor is 
recorded but 1he athlete should quickly return to the testing position, (Ind counting 
should resume once sub1ect is set . Subjects that <1re unable to mc1inta1n the testing 
procedure for a minimum of five seconds at the 'itart are assigned the highest 
pos~1ble score. ten. for that testing cond1t1on 

OPTION: For further assessment. the same 3 stances can be performed on a surface 
of medium density fo<1m (e .g, dpprokimdtely S0cmx40cm x6cm) 

Tsndem Gait'·1 

PartKJponts .J~ instructed to stand with rhetr feet rogethet behmd a starting line (the test i.s 

be<t done w.rh fooe.w.ir removed), Then, rhey walk ,n a lorward direc&on as quiddy and as 
accvrarely as possible along a 38mm wi<k ('fXXIS (ape). 3 merer llne wrrh an alternate loot 
heel-to-roe gait enwnog that they appr0«mare the,, heel and roe on each step, Once they 
CIO$S rhe end of the 3m ,ne, rhey rvm 180 degrees and rerurn to rhe srari,ng pomt usmg the 
same go,r. A roUII of• tnols are done and rne be<r r,me rs retained. Athl<res should comple,e 
th~ resrm 14 seconds. Athletes latlthetest f!rheysrepoff lhe l1f)(t, /laved sefJdfJtionbetvveen 
,oo, heel and toe. or tf they touch or grab the examiner or .an object. In this case. the ume 1.S 

not rec.ofded and the lriaJ repe,ated, if appropriate. 

Coordination Examination 
Upper limb coordination 
Finger·to·nose (FTN) task: 

·1 am going to test your coordination now Please srt comforTdbly on the chair with your eyes 
open arid yoor a,m (eithef right or left) outstretched (shoo~ flexed to 90 degrees dnd elbow 
and fingers extended). pomting m front of you When I give d staff SJgnal, I 'M;Xl/d like you to 
perfo,m five ~(KCes.slW finger to rnne 1epet1tiom vsing you, ,ndex frnger ro rovch the tip of 
the nose, and then return to the stdrtmg posiO'on, as quickly and as accurdre(y as possible.~ 

Scoring: 5 correct ,,petitions in < 4 seconds= 1 
Note for testers: Alhle,es foll the 1 .. , K tlleydo 00110uch 1he;r oow, do no1 fully ealtnd th•il elbow 
or do no1 perform fivt rept1i1ions. Failure should be scored as 0. 
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Volume 47. Issue 5. The outcome paper w,11 also be simultaneously co-published in 
other ledding biomedicdl journals with the copy,ight held by the Concussion in Sport 
Group, 10 .:1llow unrestricted distribution, providing no alterations <1re made. 
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3. Mc1ddocks. DL, Dick.er, GD; S~hng, MM The assessment of orient<1tion fol1ow,ng 
concus~ion in athletes. Clinical Journal of Sport Medicine. 1995; 5(1) : 31-.3 . 

4 . McCrea M . Standardized mental status testing of acute concussion. Clinical Jour
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ing in sport-related concus-s;ion Journ.JI of Science and Medicine 1n Sport. 2010; 
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ATHLETE INFORMATION 
Any athlete suspectad of having a concussion should be removed 
from play, and then seek medical evaluation. 

Signs to watch for 
Problems could a,iseover 1he i1rst 24 -48 hours . The athlete should not be left alone 
and must go to a h~p,tal at onrn 1f they: 

• Have a headache that gets worse 
• Are very drowsy or can·t be awakened 
• Can't recognize people or places 
• Have repeated vomiting 
• Behave unusually or seem confused; are very irritable 
• Have seizures (arms and legs Jerk uncontrollably) 
• Have weak Of numb arms or legs 
• Are unsteady on their feet; have slurred speech 

RememHr. it is better to be saf•. 
Consult your doctor after a suspected concussion. 

Return to play 
Athleies s.hould not be retu1ned 10 play the same day of 1nJury. 
When ,eturoing athletes to play, 1hey should be media Uy cleared and then follow 
a stepwise supervised program, with stages of p,ogression 

For example: 

~lii..liOnS~ fUt1CliOM«-.oeros,e.aitN(.tl$1.J94! ObtKhWofN<hu•oe
or11NbllrltllOl'I 

I ,,;r,t ;,r,i<;tu( i'<Mf•'t» \'.'~:.. r, r, . \ ,...,mm'•')~' 1.i~:,r,,,,11 y r~,-i.nq lr,r, ~d-~• r..;,·1 ,,,,r, 
l ,!,:!p11'1\j 111 '.,'1•.~ •l·p, l~~. 1•H, •1'1i.;•11 j:)1''1l1i 1.t'll 
1·,1•.111 ,.,,,. llo •~1 ,\~,o r-: 1• ! ,.1.11,r':.I 

5i:.,<;, 1· \J)('(,11( 1' •,?, (1Si' SlJ:1f' ') c•, lls ,ri •~.? <11')(l~'r- I 1Jol1'11(1~ (!PI•~ :/1 A,:M ,,..,: ...... ,,,~:')1 

:.Ol'-"' t,;,:i h,...,d ""'P•~:1 ~,_i,_·,11,: l 

N!¥1 •( .-,f'.1,1C Fi'r:i.!)it,S'.-11' , ,-, lr-Off' ,:,:-,l')r.lr,~ t•.!"1111•) 11'111\, f ,N r '.J'o . H)111(11f'.lW'I~. ;,,~" 

i'"'""'"•~ ,J•,ll ~ ,.,,;i r..!-ll ll'I J ,..:.. ,1:1 Ill too1l ... l• oi:d I( " 111.>1.•t", tb<w-1, ..... le,i:j 
t,1J ~ .~.,,i p1m; •c-~,1,,:- ".:"\ •ll,>11( " t1 ... •111:9 

The:e should be at !east 24 hours (or lon9e1) for ea<11 stage arid if symptoms rE'cur 
1he athlete '.>hoo ld 1est unti l they ,~olvt" once again and then resume the p1ogram 
at the pre\l,ous a~ymptomatK !>tage. Resistance t1a1n1n9 should only be ddded 1n the 

latE'r !> ta9es 

1f the athlete 1s symptomatK tor more than 10 days, then consulta11on by a medical 
pracMiorier who 1s e11.pert 10 the management of concussion, 1s recommendE'd. 

Medical clearance should be given before retum to play. 

CONCUSSION INJURY ADVICE 
(To be given to the person monitoring the concussed ath lete) 

This patient has ri"Celved an ,njury to the head. A careful medical e1<aminatmn has 
been carried ot.1t and no sign of any serious comphcatioos has beeo found. Recovery 
lime is variable across individuals and the patient will need monitoring for a further 
period by a responsible adult. Your treating physician will provide guidance as to 
this Hmeframe. 

If you noti<e any <hange in behaviour, vomiting, dizziness. wonening head• 
a<he, double vision or ex<essiw drowslness, please <ontact your doctor or 
the nearest hospital emergen<y department imme-d•ately. 

Oth@r imponant points: 

• Rest (phy!>Kc:1lly and mentaJ;y), 1nctvdin9 ua,ning or playing >ports 

until symptom'f> re$Olve .md yo1J ¥e medically dea,ed 
• No alcohcl 
• No prescr1p1io,, or non-p,e\cnption d1u9s without medical superv1s1on 

Specifically. 
No sleeping 1ablets 
Do not use aspifin. anti -mllammatory medication or sedating pain k:tlle1s 

• Do not driYe un til medically cleared 
- Do oot tfaio or play sport until medically tleared 

Clinic phone number 

(d) 

Figure 20.2 (cont.) SCAT3'" 
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Scoring Summary: 
Test Domain 

Number of Symptoms of 22 

Symptom se ... enty Scou~ of 132 

Otie-ntauon of S 

tmmed1ate Memory of 15 

Concentrauon of 5 

Delayed Recall of 5 

SAC Total 

BESS (total errors) 

Tandem Gail (seconds) 

Coordination of 1 

Notes: 

Pat ient's name 

0~te/1ime of injury 

Treating physician 

Score 

Date· Dote: 

Contan di:tGi ls or m1mp 



Pocket CONCUSSION RECOGNITION TOOL™ 
To help identify concussion in chi ldren, youth and adults 

FIFA" 

RECOGNIZE & REMOVE 
Concussion should be suspected If one or more of the following visible clues, 
signs, symptoms or errors in memory questions a,e present. 

1. Visible clues of suspected concussion 
Ariy one or more of tile following visu,;it di.lei Ciln md1ca1e a p~sible ooncussion:: 

Loss of consciousness or responsiveness 
Lying motionless on ground/Slow to get up 
Unsteady on feet I Balance problems or I ailing over /lncoordination 
Grabbing/Clutchmg of head 
Dazed. blank or vacant look 
Confused/Not aware of play; or events 

2. Signs and symptoms of suspected concussion 
Ptesenc• of an.y one o, mo,e of th~ loltown·u;,: srgns & symptoms may sugges:1 a concus.sJon 

- Loss of consc,ousness 
- SelZure or <:onvulstOn 
- Balance problems 
- Nausea or vomiting 
- Drowsiness 
- More emotional 
- lrritabihty 
• Sadness 
• Fatigue or low energy 
- Nervous or anxious 
- "Don't feel right" 
• Difficulty remembering 

• Headache 
- Dizziness 
• Confus10n 
• Feeling slowed down 
- "Pressure 1n head" 

- Blurred vis;on 
• Sensitivity 10 light 
- Amnesia 
• Feeling like •ma fog• 
- Neck Pain 
- Sensitivity to no,se 
• Diff,culty concentrating 

Figure 20.3 Pocket Concussion Recognition Tool'" (CRT)2 
REPRODUCED WITH PERMISSION FROM BRITISH JOURNAL OF SPORTS MEDICINE 

assessment tool used by the attending physician. If 
the diagnosis of concussion is confirmed following the 
medical assessment, the player should not be returned 
to play on the day and serial monitoring should be 
commenced immediately. New portable technologies 
are continually being incorporated into acute sports 
concussion assessment; however, research is yet to 
establish how effective and clinically applicable these 
new methods are. 14 

In addition to post-injury assessment, it is recommended 
that the SCAT3 be used by medical staff for pre-season 
baseline testing. This may be helpful for interpreting post
concussion test scores as it provides an objective record 
of possible change. More importantly, it provides an 
educative opportunity for the physician to highlight the 
importance of reporting all concussive injuries. 

Does amnesia associate with injury severity? 
There is renewed interest in post-traumatic amnesia 
and its role as a surrogate measure of injury severity. 

3. Memory function 
failure to anS'Wef any of these qu~t10M conec1ly ma:,, suooes:t a concussion. 

"What venue are we at today?'" 
"'Which half is It now?" 
"Who scored last in this game? .., 
"What team did you play last week/game?" 
"Djd your team win the last game?· 

Any athlete with a suspec:t:ed concussion should be IMMEDIATELY REMOVED 
FROM PLAY, and should not be returned to activity until they are assessed 
medically. Athletes with a suspected concussion should not be left alone and 
should not drive a motor vehicle. 

It is r@<:ommended that, rn all cases of suspected com:tJssion, the playe,r is referred to 
a medical professional for diagnosis and guidance as well as return to play decisions, 
even if the symptoms resolve. 

RED FLAGS 
If ANY of the following are reported then the player should be safely and 
immediately removed from the field . If no qualified medical professional is 
available, consider tran.sporting by ambulance for urgent medical assessment: 

• Athlete complains of neck pain • Deterio,at1ng conscious 51ale 
- lnc,easmg confusion or 1mtabd1ty - Severe or 1neteasmg headache 

- Repeated vom,t, ng - Unusudl behaviour change 
- Sei:wre o, convulsion - Double vision 
• Weakness or ,1ngl1ng/bum1ng m arms or legs 

Remember: 

- In all cases, the basic princ,ples of first aid 
(danger, response, airway, breathing. circulation) should be followed. 

• Do not attempt to move the player (other than required for airway support) 
unless trained to so do 

• Do not remove helmet (if present) unless trained to do so. 

frOM McCrory e-t. al, Consensus Statement on Concussion 1n Sport. er J Sports Mtd 47 (5), 2013 

~013,on,tUJllOIIIA5l>Of1GfOUp, 

Recognise Remove Review 

Figure 20.4 Recognition of concussion, removal from play, 

and review and assessment of the athlete are the key steps 

in management 

Post-traumatic amnesia can be separated into 
retrograde amnesia (loss of memory prior to injury) 
and anterograde amnesia (loss of memory post injury). 
Virtually all concussed athletes will have periods of 
amnesia, however brief, whether they were unconscious 
or not. 
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PRACTICE PEARL 

In broad terms, the duration of post-traumatic amnesia 

does not reflect the severity of concussion or mild TBI. 

This contrasts with moderate to severe traumatic brain 

injury where post-traumatic amnesia is a prognostic 

factor and should be assessed in all cases. 

Note that retrograde amnesia varies depending on 
when it is measured after injury; thus, it is a particularly 
poor indicator of injury severity. 

The number and duration of the clinical post
concussive symptoms may be more important than the 
presence or duration of amnesia alone. The overall clinical 
management and return to play depends on the presence 
and recovery of all symptoms and signs. 

Does an acutely concussed athlete need to 
go to hospital or have urgent neuroimaging? 
The treating clinician may face the decision of 
whether the athlete should be referred on to a hospital 
emergency facility or for urgent neuroimaging. In 
general terms, an uncomplicated concussion does not 
need routine neuroimaging. Imaging, however, has a 
role in the exclusion of suspected intracranial injury 
and the indications are listed in the box. Apart from 
'cookbook' type approaches, referral to such a centre 
depends on the experience, ability and competency of 
the physician at hand. If the team physician happens 
to be an SEM physician, neurologist or neurosurgeon 
experienced in concussion management, the clinical 
referral pathways will be different to a family 
practitioner called to assist at a football match after an 
injury has occurred. 

PRACTICE PEARL 

The overall approach should be 'when in doubt, 

refer'. 

Other diagnostic tests such as biomarkers, EEG and 
functional MRI brain scanning do not have a role in the 
early diagnosis and management of a concussion injury, 
except in an experimental or research contexc. 15 Structural 
neuroimaging such as CT and MRI does not clinically 
add to a diagnosis of concussion; however, these have an 
important role in excluding more significant injuries. 

How should acute concussion be graded? 
There is no reliable or scientifically validated system of 
grading the severity of sports-related concussion. At the 
present time, there are at least 45 published anecdotal 
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Indications for urgent 
or hospital referral 

Any player who has or develops the following: 

fractured skull 

penetrating skul l trauma 

deterioration in conscious state following injury 

focal neurological signs 

confusion or impairment of consciousness >30 minutes 

loss of consciousness > 1 minute 

persistent vom iting or increasing headache post injury 

any convulsive movements 

more than one episode of concussive injury in a match 

or training session 

where there is assessment difficulty (e.g . an intoxicated 

patient) 

all children with head injuries 

high-risk patients (e.g . haemophilia, anticoagulant use) 

inadequate post injury supervision 

high-risk injury mechanism (e.g. high velocity impact, 

missile injury). 

severity scales. The danger is that athletes and/or their 
coaches may 'shop around' for a scale that is not in their 
best medical interests. At the end of the day, good clinical 
judgment should prevail over written guidelines. At all 
four international conferences on concussion in sport to 
date, the expert committee has strongly recommended 
that combined measures of recovery should be used to 
assess injury severity and guide individual decisions 
on return to play.5 Individual assessment was strongly 
re-endorsed at the 2012 Zurich meeting.6 

Determining when the player can return 
safely to competition 
Return-to-play decisions remain difficult. Expert 
consensus guidelines recommend that players should 
not return to competition until they have recovered 
completely from their concussive injury. The majority 
(80-90%) of clinical symptoms and cognitive deficits 
resolve in a relatively short 7- 10 day period. MRI diffusion 
or connectomic radiological changes may still be present 
for longer; however, the significance of such changes is 
unknown. 16- 18 Children and adolescents may take longer 
to recover from concussive injuries. 19 

Currently, there is no single gold standard measure of 
brain disturbance and recovery following concussion. It 
should be noted that most athletes wanting to return to 
play will report 'feeling fine '. Therefore, clinicians should 
incorporate both subjective and objective measures to 
determine readiness to return to play (RTP). In practical 



terms, this can involve a multifaceted and multidisciplinary 
clinical approach, which includes assessment of symptoms, 
signs (such as balance) and cognitive function. 

Return to play on the day of injury 

PRACTICE PEARL 

The Zurich consensus group reaffirmed the previous 

general management principle that no return to play 

on the day should be contemplated for a concussed 

athlete. 

There is published evidence in high school and college 
athletes that RTP on the day of injury resulted in delayed 
and prolonged cognitive deterioration. It is not within the 
scope or expertise of a physiotherapist, trainer or other non
medical person to manage a concussive injury or determine 
the timing of return to play. A player should never RTP 
while symptomatic: 'When in doubt, sit them out!' 

Return to play during the subsequent week(s) 
Whether or not to allow the concussed athlete to return 
to training and then competition is one of the most 
difficult decisions the SEM physician must make. In minor 
cases of concussion, where all symptoms resolve quickly 
and there is no sign of cortical dysfunction, or evidence 
of impairment of short-term memory or information 
processing, the player may be allowed to return once 
recovered. Neuropsychological testing may be used to 
confirm full recovery. A player permitted to return to 
play should be closely observed for any signs of impaired 
function. A multifaceted clinical approach is used to 
manage players following injury (Fig. 20.5). In practical 
terms, this involves five sequential steps: 

1. a brief period of cognitive and physical rest to facilitate 
recovery 

2. monitoring for recovery of post-concussion symptoms 
and signs 

3. the use of neuropsychological tests to estimate recovery 
of cognitive function 

4. a graduated return to activity with monitoring for 
recurrence of symptoms 

5. a final medical clearance before resuming full contact 
training and/or playing. 

Period of cognitive and physical rest to 
facilitate recovery 
Early rest is important to allow recovery following 
a concussive injury; however, prolonged rest may 
be counterproductive.20• 2 1 In the immediate post
concussion stage (24-48 hours), physical activity, 
physiological stress (e.g. altitude and flying) and 

Medical 
assessment 

Neuroimaging 
studies 

Biomechanical 
assesment of 

injury 

Assessment 
of prior 

concussive 
history 

Assessment 
of modifying 

factors 

t 
Neurocognitive 

assessment 

Balance 
assessment 

Mental health 
& 

psychological 
assessment 

Vestibular 
assessment 

Figure 20.5 Multimodality concussion assessment 

cognitive loads (e.g. studying, video games or computer 
work) can all worsen symptoms and possibly delay 
recovery. Players should be advised to rest from these 
activities in the early stages after a concussive injury, 
especially while symptomatic (see 'Concussion injury 
advice', p. 4 of the SCAT3). Similarly, the use of alcohol, 
narcotic analgesics, anti-inflammatory medication or 
sedatives can exacerbate symptoms following head 
trauma, delay recovery or mask deterioration, and should 
also be avoided. Specific advice should also be given on 
avoidance of activities that place the individual at risk of 
further injury (e.g. driving). 

The recovery and outcome of concussion may 
be modified by a number of factors that may require 
more sophisticated management strategies. The Zurich 
consensus panel agreed that a range of 'modifying' 
factors may influence the investigation and management 
of concussion and, in some cases, may predict the 
potential for prolonged or persistent symptoms.6• 22 

These modifiers would also be important to consider 
in a detailed concussion history and are outlined in 
Table 20.2. 

When these modifying influences are present, 
simple RTP advice may be inappropriate. It may be 
wise to consider additional investigations including: 
formal neuropsychological testing, balance assessment 
and neuroimaging. It is envisioned that athletes with 
such modifying features would be managed in a 
multidisciplinary manner coordinated by a physician with 
specific expertise in the management of concussive injury. 
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Table 20.2 Factors that influence whether investigation or 

more sophisticated management (e.g. referral to a physician 

with expertise in concussion management) is indicated 

Symptoms 

Signs 

Sequelae 

Temporal 

Threshold 

Age 

Co- and pre-morbidities 

Medication 

Behaviour 

Sport 

Number 

Duration (>10 days) 

Severity 

Prolonged LOC (>1 min), 

amnesia 

Concussive convu lsions 

Frequency- repeated 

concussions over t ime 

Timing-injuries close together 

in time 

'Recency'-recent concussion 

orTBI 

Repeated concussions 

occurring with progressively 

less impact force or 

slower recovery after each 

successive concussion. 

Child and adolescent 

(<18 years old) 

Migraine, depression or other 

mental health disorders, 

attention deficit hyperactivity 

disorder (ADHD), learning 

disabilities (LD), sleep disorders 

Psychoactive drugs, 

anticoagu lants 

Dangerous style of play 

High-ri sk activity, contact 

and co ll is ion sport , high 

sport ing level 

Monitoring for recovery of post-concussion 
symptoms and signs 
The symptoms of concussion are dynamic and evolve over 
time. It is important that players who are suspected of having 
a concussion be monitored over time to assess for delayed 
symptom onset. Monitoring of post-concussion symptoms 
and signs can be facilitated by the use of the SCAT3. 

Use of neuropsychological tests to estimate 
recovery of cognitive function 
Cognitive deficits associated with concussion are typically 
subtle and may exist in a number of domains. Common 
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deficits that follow concussion in sport include reduced 
attention and ability to process information, slowed 
reaction times and impaired memory. 

The use of neuropsychological tests in the management 
of concussion overcomes the reliance on subjective 
symptoms, which are known to be poorly recognised and 
variably reported. It allows detection of cognitive deficits, 
which have been observed to outlast symptoms in many 
cases of concussion. 

There are a number of levels of complexity of cognitive 
testing, including: 

• formal neuropsychological testing 
• screening computerised cognitive test batteries 
• basic paper-and-pencil evaluation (i.e. SCAT3). 

Formal neuropsychological testing performed by trained 
neuropsychologists remains the clinical best practice 
standard for the assessment of cognitive function.23 

Formal testing is logistically impractical for routine use 
following all concussive injuries, but is recommended in 
any case where there is uncertainty about recovery or in 
difficult cases (e.g. prolonged recovery). 

Screening computerised cognitive tests provide a 
practical alternative for the assessment of cognitive recovery. 
Ideally, the tests should be compared to the individual's own 
pre-injury baseline. A number of screening computerised 
cognitive test batteries have been validated for use 
following concussion in sport and are readily available. These 
include test platforms such as CogState Sport/ Axon Sports 
(www.cogstate.com/go/Sport), ImPACT (www.impacttest. 
corn) and the US military-developed tool Automated 
Neuropsychological Assessment Metrics (ANAM). 

Computerised tests provide a quick, valid and reliable 
measure of cognitive recovery following a concussive 
injury. Furthermore, routine use of computerised 
screening tests in the pre-season facilitates screening of 
players for cognitive deterioration over time. 

Basic paper-and-pencil cognitive tests (e.g. SCAT3, 
Fig. 20.2) are the quickest and simplest of the cognitive 
screening tests; however, they are the least sensitive to 
the subtle cognitive changes that accompany concussion. 
In cases where the concussion has resulted in brief 
symptoms and clinically the player has recovered well, 
basic paper-and-pencil cognitive tests can be used to 
provide an estimate of cognitive function. The use of a 
basic paper-and-pencil evaluation should be combined 
with a conservative return to play approach and careful 
monitoring of symptoms as the player progresses through 
a graduated RTP program. 

Overall, it is important to remember that 
neuropsychological testing is only one component of 
assessment and therefore should not be the sole basis 
of management decisions. Neuropsychological testing 



does not replace the need for a full history and clinical/ 
neurological assessment. 

Graduated return to activity 
Following a concussive injury, players should be returned 
to play in a graduated fashion once clinical features have 
resolved and cognitive function returned to 'baseline'. 
When considering RTP the athlete should be off any 
medications prescribed in the management of the 
concussion at the time of considering commencement of 
the rehabilitation phase or at the final medical assessment. 

In accordance with current consensus guidelines, there 
is no mandatory period of time that a player must be 
withheld from play following a concussion. However, at 
minimum, a player must be symptom free at rest and with 
exertion and determined to have returned to baseline 
level of cognitive performance. 

The Zurich consensus statement recommends a 
stepwise Graduated Return to Play Protocol (Table 20.3). 
If a player remains asymptomatic for 24 hours at level 1, 
they may progress to level 2. They are allowed to advance 
provided that they remain asymptomatic. Using this 
protocol, an athlete should take approximately 1 week 
before returning to normal game play. If any symptoms 
surface during the progression, players should drop back 
to the previous level in which they were asymptomatic 
for a further 24 hours before attempting to progress again. 

A final medical clearance before resuming full 
contact training and/or playing 
A player who has suffered from a concussive injury must 
not be allowed to return to play before having a medical 

Table 20.3 Graduated Return to Play Protocol 

clearance. In every case, the decision regarding the timing 
of return to training should be made by a medical doctor 
with experience in concussive injuries. This assessment 
is multidimensional and based on evidence of resolution 
of the athlete's symptoms, physical signs and cognitive 
deficit. Ideally, concussed players should be examined by 
an experienced medical practitioner with the decision 
about RTP based on the clinical findings and, if possible, 
neuropsychological testing. In general, a more conservative 
approach (i.e. longer time to return to sport) is used in 
cases where there is any uncertainty about the player's 
recovery ('If in doubt, sit them out'). 

In a number of contact sports, such as boxing and rugby 
(previously), authorities have legislated for a mandatory 
exclusion period from competition for concussed players. 
While the intent of such a policy is praiseworthy, an 
arbitrary exclusion period is hard to justify scientifically as 
each episode of concussion requires individual evaluation. 
For some players, the period of exclusion will be too long 
and for other players not long enough. More importantly, 
the assumption that a player has recovered simply because 
a prescribed period of time has passed has the potential to 
lead to premature return to play and resultant problems. 

The risk of premature return to play 
and concussion sequelae 
There are several risks associated with premature RTP. 

Risk of further injury 
The principal concern of premature RTP of a concussed 
athlete is that due to the impaired cognitive function 
(e.g. slowed information processing, reduced attention) the 

.. -

1. No activity Complete physica l (no training, playing, exercise, Recovery* 

2 . Light aerobic exercise 

3 . Sport-specific exercise 

weights etc.) and cogn itive rest (no television, Beware of exertion with activities of daily living 

extensive reading, v ideo games etc.) and caution regarding daytime sleep 

Walking, swimm ing or stationary cycling keeping Increase heart rate 

intensity <70% HR max. No resistance training 

Skating drills in ice hockey, running drills in 

soccer. No head-impact activities 

Add movement 

4. Non-contact training drills Progression to more complex train ing drills, e.g. Exercise, coordination and cognitive load 

passing dril ls in hockey and footbal l 

5. Full contact practice Fol lowing medica l clearance participate in normal Restore confidence and assess functional skills 

6 . Return to play 

training activities 

Normal game play 

Reproduced with permission from Table 1: Zurich consensus statement in BJSM3 

by coaching staff 
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athlete will sustain further injury (both concussive and 
other) when returning to a dangerous playing environment. 

Second impact syndrome 
Second impact syndrome (SIS) is frequently mentioned 
in the concussion literature, but surprisingly, has little 
scientific evidence for its existence. It is a term used to 
describe the potential catastrophic consequences resulting 
from a second concussive blow to the head before an 
individual has fully recovered from the symptoms of a 
previous concussion. The second head injury is believed 
to result in loss of cerebrovascular auto-regulation, which 
in turn leads to brain swelling secondary to increased 
cerebral blood flow. Mortality in this condition approaches 
100%. The evidence that repeated concussion was a risk 
factor for SIS has been critically reviewed and published 
cases of SIS were classified as definite, probable, possible 
or not SIS according to four criteria.24 

Seventeen published cases of SIS were identified from 
the literature. None were classified as 'definite' SIS, five were 
considered to be 'probable' SIS cases and 12 were classified as 
'not' SIS primarily because there was an absence of a witnessed 
second impact. In addition, the veracity of teammate recall 
of concussive episodes, which is often the basis of a 'first 
impact' in such cases, was shown to be unreliable. Based on 
these results, the investigators concluded that there is a lack 
of evidence to support the claim that the second impact is a 
risk factor for diffuse cerebral swelling. 

In the review paper,24 the central issue is whether 
repeated concussion was a risk factor for cerebral swelling 
which is the putative definition of SIS. There is published 
evidence that acute (and delayed) brain swelling may 
occur following a single blow to the head, in association 
with a structural injury such as a subdural haematoma 
and in disorders of calcium channels, suggesting a possible 
genetic basis for some of these cases. Such events are 
virtually only seen in children and adolescents. 

Concussive convulsions 
A variety of immediate motor phenomena (e.g. tonic 
posturing) or convulsive movements may accompany 
a concussion. Although dramatic, these clinical features 
are generally benign and require no specific management 
beyond the standard treatment of the underlying 
concussive injury. These dramatic phenomena are a non
epileptic manifestation of concussion.25 

Prolongation of symptoms 
If a player recommences playing while symptomatic, 
post-concussive symptoms may be prolonged. It is 
important to be aware that studies have demonstrated 
measurable cognitive deficits in individuals even after the 
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symptoms have resolved, which argues for an increasingly 
conservative RTP strategy.17 Premature RTP may also 
increase the chance of developing the 'post-concussive 
syndrome', in which fatigue, difficulty in concentration and 
headaches persist for some time, often months, following 
the original injury. This syndrome is uncommon in sport. 
These patients should undergo formal neuropsychological 
testing as well as an MRI brain scan and be evaluated by a 
physician experienced in concussion management. Other 
potential contributing factors should be assessed and 
treated where appropriate, for example vestibular system 
disturbance. 

Chronic traumatic encephalopathy (CTE) 
Recent publications have suggested that US footballers may 
suffer similar neuropathological risks to boxers. Pathological 
case reports and cross-sectional studies have suggested that 
retired NFL footballers, who have had recurrent concussions 
during their sporting careers, disproportionately suffer from 
mild cognitive impairment, depression and other mental 
health problems. What is becoming increasingly clear from 
a number of diverse lines of research is that a percentage of 
footballers seem to suffer chronic or long-term sequelae.26 

While there has been an association demonstrated between 
recurrent head trauma and appearance of abnormal Tau 
protein in post-mortem assessment of brains, whether this 
is a consequence of head injury, the effect of brain injury 
on ageing, or the development of neurodegenerative 
disease unrelated to sports participation is unclear. At this 
time, very little is known about what type, frequency or 
amount of trauma is necessary to induce the accumulation 
of pathological proteins in the brain and more importantly 
why only a small number of athletes are at risk of 
CTE. 18 Nevertheless, until these issues are resolved, it is 
recommended that conservative management strategies are 
used to ensure player welfare. 

Mental health issues 
Mental health issues (e.g. depression) have been reported 
as a long-term consequence of traumatic brain injury 
including sports-related concussion. Neuroimaging studies 
using functional MRI (fMRI) suggest that a depressed 
mood following concussion may reflect an underlying 
pathophysiological abnormality consistent with a limbic
frontal model of depression. All players with ongoing 
symptoms or a prolonged clinical course should be 
screened for depression. 

THE 'DIFFICULT' CONCUSSION 
A 'difficult' concussion can be defined as one in which 
clinical recovery falls outside the expected window 
(i.e. 10-14 days). 17 The incidence of persistent symptoms 



following sports-related concussion varies from about 
10-30% depending on the cohort being investigated and 
definitions used. 

Clinical assessment 
Common persistent symptoms include headache, 
dizziness, mood changes (e.g. depression/anxiety), 
'difficulty concentrating', irritability, 'fatigue or low 
energy', 'difficulty sleeping' or 'feeling not quite right, in 
a fog or slowed down'. The symptoms are non-specific 
and overlap with other conditions such as structural head 
injuty, cervicogenic headaches and anxiety/depression. 
Clinical assessment, therefore, requires careful history 
and a detailed, multimodal examination (including 
neurological, cognitive function, cervical spine, balance 
and vestibular function). 

Role of investigations 
Formal neuropsychological testing is useful to identify 
persistent cognitive deficits, monitor recovery and help 
guide return to school or work plans. 

Conventional neuroimaging (CT or MRI) should be 
considered in any athlete with persistent symptoms where 
there is any suspicion of an underlying structural brain 
injury. Advanced neuroimaging and other investigation 
techniques (e.g. diffusion tensor imaging, fMRI, magnetic 
resonance spectroscopy, electroencephalography) have 
demonstrated changes in cohorts of patients with 
persistent symptoms. Changes have also been observed 
in subjects well after clinical recovery following sports
related concussion. At present, the clinical significance 
of these changes remains unclear. Consequently, the use 
of advanced investigation techniques is currently not 
recommended in the routine management of athletes 
with concussion. 

Treatment 
A brief period of rest 1s important in the acute period 
following sports-related concussion. There is no evidence, 
however, that prolonged rest is beneficial for athletes with 
persistent symptoms. Preliminary studies demonstrate that 
an active rehabilitation program ('sub-symptom threshold 
activity') may be useful for the management of cases 
where symptoms are prolonged.27-28 Cervicovestibular 
rehabilitation may also be useful to facilitate recovery in 
cases with persistent symptoms.29 

Other treatments may be used to manage specific 
symptoms. For example, manual or physical therapy 
may be used to treat myofascial pain or neck trigger 
points contributing to headaches; cognitive therapy may 
be useful for some patients with persistent cognitive 

symptoms; and meditation, biofeedback or psychological 
therapy may benefit those who have problems with 
psychological symptoms. 

Medications are often used to treat specific symptoms 
(e.g. analgesics for headache, anti-depressants), although 
there is limited evidence for their use in the setting of 
persistent post-concussive symptoms. 

Overall, the difficult concussion should be managed in 
a multi-disciplinary manner. Ideally, this is in the setting 
of a concussion clinic with access to expertise in a wide 
range of areas. 

CHILDREN AND CONCUSSION IN SPORT 
The CRT (Fig. 20.3) aims to identify concussion in 
children, youth and adults. It is simple to use and is 
designed so that anyone can use it. This tool is particularly 
useful at children's sports events that may not have a 
recognised health professional present. If a concussive 
injury is suspected, the child should be removed from 
play and sent urgently for medical evaluation. 16 It is 
never appropriate for a child or adolescent athlete with 
concussion to return to play on the same day as the injury 
regardless of the level of athletic performance. 

For medical assessments in this setting, the SCAT3 (Fig. 
20.2) is appropriate for use in children and adolescents 
older than 13 years of age and the Child SCAT3 (Fig. 20.6) 
for 12 years and under. An additional consideration in 
assessing the child or adolescent athlete with a concussion 
is the need to include parent input as well as teacher and 
school input when appropriate. 

The decision to use neuropsychological testing is 
broadly the same as the adult assessment paradigm. 
However, timing of testing may differ in order to assist 
planning in school and home management (and may be 
performed while the child is still symptomatic). If cognitive 
testing is performed then it must be developmentally 
sensitive until late teen years due to the ongoing 
cognitive maturation that occurs during this period 
which, in turn, makes the utility of comparison to either 
the person's own baseline or to population norms limited. 
In this age group it is more important to consider the 
use of trained neuropsychologists to interpret assessment 
data, particularly in children with learning disorders and/ 
or ADHD who may need more sophisticated assessment 
strategies. 

Children should not be returned to practice or play until 
clinically completely symptom free, which may require a 
longer time frame than for adults. In addition, the concept 
of 'cognitive rest' is highlighted with special reference 
to a child's need to limit exertion with activities of daily 
living and to limit scholastic and other cognitive stressors 
(e.g. text messaging, video games) while symptomatic. 
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SYMPTOM EVALUATION 

~ ildreport 
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Rela tionship todnld of personcompletmg Parent-1eport: 

NIA 

Scoring on th@ ChildSCAT3 should not b@ used as a stand-alont! fflt!th• 
od to diagnose concussion. measure recovery or make decisions about 
an athlete's readiness to return to competition after concussion. 

Figure 20.6 (cont.) Child SCAT3'" 

COGNITIVE & PHYSICAL EVALUATION 

I Cognitive assessment 
Standi;irdiied Assessment of Concussion - Child Ver-sion (SAC-C)" 

Orientation (1 p<iil'lt for each correct ainswtr) 

What rnonth IS •tl 

What is the dale loda~J 

What 1s the day of the week? 

What year is 1t7 

Or-ientation sc.ore 

Immediate m@mory 

Lkt Jrial 1 Ttial l Jual J: 

elbow 
apple 

carpet 

saddle 

bubble 

Total 

Immediate memory scor@ total 

Concel'ltration: Digit s Backward 

0 t 

0 t 

0 t 

0 t 

0 1 

L1~t Trial I Al1t tM1iv!! dlgll ll~t 

6·2 1 5-2 

4.9.3 I 6-2-9 

Alternat1vewordfrst 

candle baby 

paper monkey 

sugar perfume 

sandv~i(h wnset 
wagon "°" 

4•1 4.9 

5-2-6 4-1 -5 

finge, 
penny 

blallket 

lemon 

insect 

of 15 

3·8-t-4 I 3· 2•7•9 1-7•9·5 4·9·6 ·8 

6· 2-9-7-t I 1-5•2·8·6 3-8•5·2-7 6·1·8•4•3 

7- 1-8-4-6-2 I 5-3-9 -1 -4-8 8-3- 1-9-6-4 1-2•4•8•5-6 

Tota l of 5 

Concentration: Days in Reverse Order (1 pt.. for tRtirt i-f'qul!fl<t corrt tt) 

S"nday-Saturday- Frrday-Th"rsday-Wednesday- O 
Tuesday•Monda:,i 

Concentr-a tion score ~----of6 

~ Neck Examination: 
Range of motion Tende,ness Uppe, and lowe, limb sttis.auon&strength 

Findings: 

~ lance examination 
Do ont or b<nh ~ th following t@~ts. 

Foo1wear (sh~s. barefoot. braces, tape, etc.) 

Modified Balance Error Scoring System (BESS) te.stingJ 

Which fool was tested [i.,e. whii:11 i~ Uie non-dominant fooO 

Testtng surface (hard Door, field, etc.) 

Conditi on 

Doub~ leg stance: 
Tandem stance (l)On-domlnant foot"'' bilck): 

Tand~m gait.., 

Time taken to complete l;beuol ..i c~ · s.econds 

If ch1ld auempied. but unable to complete tandem gall. mart here 

Left 

Erro~ 

Errors 

______/ -... - ------------------------~, 

Ii.I Coordination examination 
Upper- limb coordination 

Which arm w.as tested: 

Coordination score 

SAC Delayed Recall• 
Delayed recall score 

Leh fught 

of I 

Of S 

Since signs and symptoms may evolve over time. it is important to 
consider repeat evaluation in the acute assessment of concussion. 
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INSTRUCTIONS 
Wo1d"> in lt.llio throu9hov1 thE' (hildSCAT3 ,:ire lhe in',,tUJ(bons gi-ven to the child 
by the tester. 

Sideline Assessment - child-Maddocks Score 
To be completed on 1he s.idehne/ in the playground, immediately followiog concos• 
s.ion There is no requirement to repeat these questions dt follow-up 

Symptom Scale' 
In situations where 1he symptom scale- ,s being completed afte, exercise, it should 
s1,11 be done in a resting statE>, at least 10 minute'> post exercise. 

On th• day of Injury 
• the child is to complete the Child Report. according to how lie/'iohe feels now 

On all subsequent days 
• the child is to complete the Ct-i11d Report, according to how he/she foels today. 

and 
• the parent/carer 1s to complete the Parent Report ilccorcfing to how the ct,1ld ha,s 

been OV('r the pre,.·1ous 24 hovrs . 

Standardized Assessment of Concussion -
Child Version (SAC-C)4 

Oritfttadon 
Mk. each ques11or, o!'I :h~ ·sc o,e- 1/'lte1 . :. rnnt<1 JJ\~wt1 for ea<h que-stion scores I poinl. 111tit' 
<h1 !1' does no1 undtmand the ciuts\!01\ gi-tts tlfl ,n<0r1tc1 Jl'ISV.t'I . or r,o an~wer, 1'1tn 1ht sco1e fo1 
1flat qutSl lOl'I i\ 0 p1>11'lS. 

Immediate memory 
~, am goinq to tf'St you1 memosy. I will rNd Y()(i "1 lisr of 1•101dr and whf"l'J I am done-. repNr 
Odc-k as man-; VIIOfr:J<i as )OU c-a.n ,ememlx>r, in any Of~. ~ 

Triat,Z&3: 
·ram gomg m rt?{>fNJt rile same fJsr a<)Ml. ~(!{)eiJt ruck as rri.trly V'IOlds ~ you C"dtl rem<!fflb<!f in 
df)y O(d<Jf, ('Vf'(t J( you said rile WOid bt!!Ofe • 

Comple1e all 3 uial\ ie9ardle\\ o1 score on 11iat 1 & 2. Read 1he woHl1 a1 a ,~1e ol one pe1 \econd 
Score 1 pt. for each correct re5ponse. Totol ,,o,e equal\ 1:.1m ano\\ all 3 tr ials Oa not infc.,m 
1he chifd tha1 delayet mall will be tesled 

Concentration 
Digits Bukward: 
~, am going ro rNd you d strm9 of numOf'rs and whf"l'J I dill done. you ,epe,.at them bi,ck to 
m{' ba(l:wwds, in~ Offierof h,,..,, , rwd U?P.m to vc,v. H)f exa~. if I .s,ay 7. 1, y0v ; 'VQU/d 

s.ayt•r 

1t rnu~t1 , go to nf~t ~iring length. 1f intone~! . 1ud 1ml 2. Ont poinl poss.lblt fot H<h stting 
ltn9th. 1:Jtop .-rte1 11"1(01fe-(t on 0o1Pl 111,I I~. l l'le-di91H ~hO\J!1l be 101' .lil ll'le- l~le <,{ one pe, Se-{Gnd 

Days in Rev.ne Order: 
"Now tell me the ddys of the v.teek in 1eve,se order. St.Jrt with Sunddy and go backw.Jrd. So 
)OU"II SdY Sunday, 5.lturddy . .. Go ah~ 

, pt. for entlrt stquc-n<t corrtcl 

Defayed recall 

The- delayed ,ccall should be performed after completion ol 1he Balance .:ind Coor
dination El:aminalion 
~Do ~remember thor ~tof IMJfds tr~d• ff.W times ~,fJ·rrt Tell me as tndfl)' WO<ds from t~ 
l.isr il5 )00 Cct/1 f('fflefflber Ill dny OffJet ,. 

Cir t ie eat h v."04d co11eclly reulled. Total score equals number of words recalled. 

Balance examination 
l he1e 1n11Cuction1 a,e to be- read b-,. the pe,,~,:in odministelinq the childSG,T3 , and eath t::alanu! taU. 
should be demonstrated to ttle dli1d. The child \hou!d then be a~ked to cop~ 1Yha1 the examiner 
dem0Mt1a1ed 

Modified Balance Error Scoring System (BESS} testing' 

This balance test1flg 1,;. based oo a mod1f1ed vernon of lhe Balance Error Scoring 
System (BESS? . A ~topwatch °' watch with a >econd hand is requ,r<"d for thi> testing 

~, '1ffi now (JO/Ill} to rE>Sr )'Of)' ~l.vi(~ Ple.,o,,e Mke yoor 5/lof;>s off. ro» up yoor p.anr ~ ~'(' 
anJ:le (if .,pplic.wle), and fE'ITIU.1=' dllY Mkle Mpinq (1( ,JPf)/kat)IP). This (EtSt will c-omist of t\1/'0 

diffe,e-nrparrs.· 

(a) Doubl• log stanco: 
The first Sldf)(~ is J.l,mclin,g w,th lhe h!e! toger!le, ivtrll h.Nlds oo f11ps. ,l,/'ld with~ c:l&sf!d The 
cftttdj/lOukJ!ryrom.,im,J,>n sldbJl,tyin th,jl~it/Ot'I IOt 205~ol'l<n. YouY'IOuldinfoan tliecfiild 
tit.JI you wiN be courrtll'lg tile numoo, of times the child molll'S out of t~S poSltJOfl. You should 
5t¥I timing i,,vfi(lfl tOO child is :ser iJrtd the eyes iJf'! closro. 

(bi Tandem ,tance: 
m~rn.t<t rhechikf to standh«•/.to-r~ ..,,,;1h the-non-dominant 1001 in t~ biKt. t~ht shoold 
bf:> f'VM/y disrtibuled if("ross borfl IPel. Again, the child should lry to m.,inrctin stability for XJ 
s«~ wirh hands on hi~ and ~ clased. You should inform the chikJ that )"OU ·wiN be 
counting the number of times thec-/wkJ(J'l(M?S ootofthlsposition. If rtiecMdstumble-soutof 
rhis pasition. instruct him/her ro ope,n thee)~ arid ,erl)m to rhe Sliift position ~d caorinue 
balanc,ng Youshooldstd1t timrng vlhen the cMd IS set .md rhe ~ ate cfiosed. 

(c) 

Figure 20.6 (cont.) Child SCAT3™ 
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Balimce testing - types of errors - Parts (a) and (b) 

1. Hands lihed off ilia<: crest 
2. Opening eye'> 
3 Step, stumble, or fall 
d . M~1n9 hip into> 30 de91ees ,;1bduwon 
5. Lihing forefoot 01 heel 
6. Remaining oul of tcs.t position> S s.ec 

Ea<h of the 20-,;.e-c-ond tr ial"> is ;cored by counting the euo,,;., 01 de-v•ations from thE
p1oper stdn<e, ,;1t::c1Jmul<tted by 1he child. The exdm1ne, wiil begin co,,1nt1n9 eH01s. 
ooly aflet the child has assumed the proper st~fl pO'!.ition. The modified BESS is 
calcutated by adding one error point for each error durtng the two 20-sec
ond tests. The maximum total number of errors for any single condition is 
10, If <"J ch ild commits multiple errors ,;.1multaneously. on ly 011e error •s 1ecorded but 
th1t thild s.hould quickly return to 1he t~t,ng Po!ioittOn, ;.od C:Q1Jn11ng should IE'!IVmE
once subject 1s set . Children who a,e unable 10 maintain 1he testing procedu,e for .
minimum o1 five seconds dt 10e s1.:1rt are assigned the highest poss.ble s.core. ten. 
fo, 1hat t~t1ng cond1liofl . 

OPTION: Fo, fo1the1 a">S~~ment, the same, 2 ">lilnces can be f)i;'rformE'd on a su,face 
of rne-dium dens,iy foam fe.g .. approx1m.:11ely 50cmx40<:mx:6cm). 

Tandem Gait'-' 
Ll~t a (lo(k (l'l'ith a \econd hand) o, <.top-,..-a1ch 10 meo1t.ne 1tie 11me talE-n 10 com pte1e- this la\l:. 
inW1Jtti011 IOI 1t.e e~.tmintr - OemonSlfate ttle fo11owing to the chifd, 

The dvJd ~ rf'ISrruc1«1 ro mwi Wllh rhe/r fHr togelhef D«'llnd .a St.Mt,ng ArM!' (the lt!'Sl 1$ bes~ 
done Wfr.h foo,wear fM>OV«i) 11len, lhto/ WlJlk fn a fOl'W,)f(j ckectYOtl as qwr:kly Md as ac'Ctr 
rd rely.nPoS,Slbledlonga38.mmwtde(spotts raf)(i), 3 !Mlt.¥ ~°Mwrlh analtemare fool heel•to--
roo ga,c 1!<15!JM9 rilll11/>eyiJPl)(OIOm01• ~,.,, twl ,od ,,,. on M<h s,ep. Ona, ~cross 1/>e 
Md of me Jm llr'tf, rht!y tlHt1 ,so~ and ~rum 10 1M startif>g ,:,cm, us.mg me .s.Jme g,,,ir. 
A tot.tl of 4 trlafs IM doM and th• btst tfm. Is ~ttJned, ChJkireri fail rM tt!$f If rh,e,y nep 
olf dteline. Nvea~drkYibeN~ cMtheelrMCi r(;lot. or•f rheyrouch orgr-db theex.tminet 
Of .M OOJ('Cf. tn this case. tN rime is not r«ord«i afKI 1/le- trial,~ rf ,pp(O()Mre 

bp!am to 1he child tt.al yo,u will tlmt how long It tike,,s them tow.a 10 the end of lht lmt and back 

Coordination examination 
Upper limb coordln.11tion 
F,nger•to•nose (FTN) taik. 

The te~it1 should dtmo,u,tratt ii •o 1t,,e c;hild, 

·, am gomg to test you, cootdmdtlOn now. Pfease Sit comlort,1bly on the chair with )'0Uf eyes: 
open and:,'OOt arm (etthef nght or left! ootstretrhed,shoulder flexed to 90degleesdndelbow 
and fingen &tended). Wht<n I give a 5ta,t SJgfld( I would like }'Ot.l to pedo,m f1~ wccessive 
finger to nos.e repetit,orn U!>tng :,our index finger to tooch the rip of lhe nose as qurckly ~oo 
as cle(urdtely dS possible.· 

Scoring: S cor<tct repetllions ln < 4 sec;onds: 1 
No•t for testers : ( hild!enfail 1h~ mI if the·~do noi 1ouch 1he,1 ne1e, do not full'p"ti1end 1hei1 t lhow 
o: do not pe1 to1m li~e rt pN11ions. F•ilure should be scored as O. 
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CHILD ATHLETE INFORMATION 
Any child suspected of having a concussion should be removed from 
play, and then seek medical evaluation. The child must NOT return to 
play or sport on the same day as tlM! suspect"d concussion. 

Signs to watch for 
Problems could arise over the first 24-48 hours. The child s.iloold not be left alone 
a11d must go to a hospital at once ii they develop any of the following : 

- New Headache. or Headache gets worse 
• Persistent or increasing neck pain 
- Becomes drowsy or can't be woken up 
• Can not recognise people or places 
- Has Nausea or Vomiting 
• Behaves unusually, seems confused, or is. irritable 
• Has any seizures (arms and/or legs Jerk uncontrollably) 
• Has weakness, numbness or tongling (arms. legs or face) 
• Is unsteady walking or standong 
- Has slurred speech 
• Has difficulty understanding speech or directions 

Remember. lt is b@tter to be safe. 
Always consult your doctor after a suspected concussion. 

Return to school 
Concus-s,ion may 1mpdC1 on the (hild's C01:Jfl itive ability to team at s.c:hool. This mus.1 
be consid!red. and medicc11 dearance is required before the child may 1etum to 
school. It js reasonable for a chtld to miss a day or two of school after con• 
cussion, but extended absence is uncommon. In some cnildren, a grad1Jated 
return to school program will need to bt> developed fo1 the ciiild . The child will 
progress ttlrough ttle return to school program pr0\'1ded that t11ere 1s 110 worsening 
o1 symptoms If ar,y part1eular activity worsens symptom>, t"ie child will abstain from 
1h~1 activity unti l 1t no longer cao'ies symptom worsening Use of computers and 
1nteine1 should follow a s1m1lar gradu.¼ted program. 1novided tha1 i1 does not wo1s• 
en \ymp10ms. Th1S p,ogrdm shot.1ld 1n(h.1de con,muoicat1on be1 ween the parE'r'll'>, 
1ec1chers, and heallh protessioo.Jl-s. and will v¥y hom child 10 child The return 10 

school p,og,am should conside, 

• Extra 1ime to complete a;s19nrnents/tests 
· Qu,et room to complelE' as>1gnments/tests 
• A1,101dance of r.oi;y area, s,uch as cafe1er1as, ass.embly hall'>, spon,ng evt>n?S. 

mu~( (lclSS, shop cldSS, E't( 
. frt!ciuen1 break-s. dunng class, homework, 1e$tS 
. No more thal"I one ekamlday 
• Shone, assignments 
• ~epetilion/mcmo,y cues 
• Use of pee, ht>lper/tutor 
• Reassu,a11ce from teacllers that student will be supported through recovery 

through accommoddt1ons, worli.load reduction, alternate forms of testing 
• later start times, half days, only certain clas;e\ 

The child is not to return to play or spon until he/ she has successfully 
returned to school/learning. without worsening of symptoms. Medi
cal clearance should be given before return to play. 
If there are any doubts. management should be referred to a qua1i1ied heatth pract1• 
t•oner. expe,t in the management of concussion in cllifdren. 

Return to sport 
There should be no return to play un1il the child has succes\fully retu1l"led to 

school/leatniog, without wo1sen,og o1 symptoms. 
Childrt-n must not be return@d to play th@ same day of injury. 
Wht>n returning children to play, they should medically deart-d and then follow 
a stepwise sul)4'rvised program. w,th 'itages of progression. 

For example: 

Rehabititation Functional exercise at e-ach stage Oi)iective of 
stage of rehabilitation Nch stag@ 

No activity Physical and cogn111ve rest Recovery 

Light aerobic. W.1lkin9 , -s.wimnl!ng or -s.tat1ona1y Cy(lin9 lncreil-S.e he<ln Hite 
exerc,1se keeping intensity, 70% m,3x•mum pre

dicted heart ,ate. No resistance trc1ining 

Spor1-Specific Skdting drills in ice hoCkE'y, running drills Add movement 
exerc1s.e- 1n s.0<ce1. No hei!d impdn ~ctivities 

Non•contac, Progression to more complex 11ammg 
1ra1mng drill\ drills. eg passing dulls in football 

Full contact 
practict' 

and ice hockey. May start progressive 
1~1s1ance trc11n1ng 

Following medical clE'dlance part1<1pate 
in norma l 11aimn9 <Ktwities 

Return to play Normal gamE' play 

Exemse, coordina• 
t1on, and cogn,t1ve 
lo.:id 

Restore rnnfidence 
and assess tunctioMI 
~kills by (Oc:l(hing \tdff 

Ttiere should be approic.imately 2A hours (or lot"lger) for t>ach stage and ,tie ctiild 
shoold drop back to the previous asymptomalic level 1f any post•concuss.we symp• 
torm 1ecur. Resistance trai111ng should only be added in the later stages. 
If 1he child is symptomatic for more thar, 10 days, then rE'VIE'W by a health practr
t1oner. expe,t in the management of concus\1on, 1s recommended . 

Medical clearance should be given before return to play. 

Notes: 

CONCUSSION INJURY ADVICE FOR THE CHILD AND PARENTS/ CARERS 
(To be given to the person monitoring the concussed chtld) 

Tti,s child has recewed an injury to 1he head A careful medical examination has been 
carried out and no sign of any se1rous comphcat1ons has been found 11 is expected 
1ha1 reco..,e,ry will be r(lp1d, but the ch1ld w,ll ne,ed monitor1n9 for 1he next 24 hou,s 
by a re-s.pon5-1b1e ~dull . 

If you notice any change in behavior, vomiting, dizziness, worsening 
headache. double vision or excessive drowsiness, please call an am
bulanc" to transport the child to hospital immediately. 

Other lmpo,tant po•nts: 

• Following concussion. the child 4ihou1d rest for at least 24 hours 
• The ch•ld should a,.,01d any compute,. internet or elt>ctron,c 

gaming act11,1,ty 1f lhE'se ac 1Mt1es male symptom'i worse 
• The child sho1Jld 001 be given any med1c~t1ons, ,nclud1n9 pain killers, 

unless pre'S,('rib~ by a medical prc1c1itione, 
• The ch,ld must 1~01 retu1n to school until medKalty clNred. 
• The child must not return to sport or play until medically cleared 

Clinic phone number 

(d) 

Figure 20.6 (cont.) Child SCAT3'" 

Pat1e11t's narne 

Date/time of injury 

Dc1te/time of med,cal review 
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School attendance and activities should be considered and 
modified as appropriate to avoid provocation of symptoms. 

Due to the different physiological response and 
longer recovery after concussion, and specific risks (e.g. 
diffuse cerebral swelling) related to head impact during 
childhood and adolescence, a more conservative RTP 

REFERENCES 

References for this chapter can be found at www.mhhe.com/au/CSM5e 

approach is recommended.22 It is appropriate to extend 
the amount of time of asymptomatic rest and/or the 
length of the graded exertion in children and adolescents. 
In the management paradigm of children post concussion, 
return to school should be achieved prior to consideration 
of return to sport. 



In che beginner's mind chere are many possibilicies, in che experr's mind chere are few. 
Shunryu Suzuki, Zen Mind, Beginner's Mind 

Headache is one of the most prevalent pain conditions 
present at all stages of life. It affects the majority of the 
global population and is among the top 10 causes of 
disability.1 Despite this, the burden of headache has been 
largely underestimated, with headache disorders often 
dismissed as minor and undeserving of medical care.1• 2 

Although athletes suffer from the same causes of headache 
as non-athletes, there are several key causes of headache 
that relate directly to exercise or to the sport itself. An 
additional factor to consider is that headache can impair 
both training and sports performance. 

The International Headache Society (IHS) classifies 
headache into a range of disorders comprising three broad 
categories with more than 300 underlying headache 
forms. 3 The majority of these disorders are not particularly 
relevant to an athletic population or the IHS definitions 
do not adequately cover the symptoms experienced 
by athletes.4 Figure 21.1 lists the broad classification 
according to the IHS and the common headache disorders 
seen in sport. 

HEADACHE IN SPORT 
The prevalence of headache directly related to sport has been 
poorly investigated or reported, although there is increasing 
attention in contact sport on concussion or trauma-related 
headache.5 In a New Zealand university setting, 35% of 
athletes surveyed reported headaches, both traumatic and 
non-traumatic.6 Importantly, 54% of people who reported 
headache associated with sport or exercise gave up their 
activity? In some codes of football, more than 50% of athletes 
experience regular headaches from matches and training.4 

While the latest edition of the IHS headache classification 
is comprehensive, it is not aimed specifically at a sporting 

Secondary 

Figure 21.1 Classification of headache 

setting. Williams and Nukada proposed a simple framework 
for specific sporting headaches.8 This included: 

• effort-exertional headache 
• effort migraine 
• trauma-triggered migraine 
• post-traumatic headache. 

An alternative sports-specific headache organisational 
framework has been proposed that incorporates the non
sporting as well as sporting headaches.9 Headaches are 
categorised as follows: 

• a recognised headache syndrome (migraine, tension-type 
headache, cluster headache) coincidental to sporting activity 

317 



• headache arising from mechanisms that occur during 
exertion; these can be primary (mechanism unknown) 
or secondary where a causal factor can be demonstrated, 
such as a headache: 

- related to changes in cardiovascular parameters 
- related to trauma 
- arising from structures in the neck 
- arising from mechanisms that are specific to an 

individual sport. 

CLINICAL APPROACH TO THE PATIENT 
WITH HEADACHE 
Headache is an unusual condition being both a symptom 
and a disease, which can make diagnosis and management 
challenging. Of primary importance is identifying when 
headache is a symptom of serious pathology such as a 
tumour, aneurysm, meningitis, subdural haemorrhage or 
space-occupying lesion. These are life-threatening events 
that the clinician must be vigilant for, and if suspected 
require urgent medical evaluation. Hence, a good 
knowledge of the following warning signals, or red flags, 
is essential: 

• new, unaccustomed or atypical headache 
• stiff neck or meningeal signs 
• systemic symptoms (e.g. fever, weight loss, malaise) 
• neurological symptoms (e.g. drowsiness, weakness, 

numbness of limbs) 
• local extracranial symptoms (e.g. ear, sinus, teeth) 
• changes in the pattern of headache 
• headache increasing over a few days 
• sudden onset of severe headache or headaches that 

wake the patient 
• headache triggered by cough or Valsalva. 

The majority of headaches are benign and do not require 
such intensive medical assessment. 

PRACTICE PEARL 

In each case, the clinician should seek a potential 

underlying cause for the headache, as this will 
influence management. 

Common illnesses that may provoke headache include 
respiratory tract infection, sinusitis and influenza. Drug
induced headaches are also common. The most common 
are alcohol and caffeine, but many other commonly used 
drugs can also provoke headache including analgesics, 
antibiotics, antifungals and antihypertensives. Of particular 
importance is the frequency of analgesic use. Analgesic 
medication used on more than 15 days per month may 
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sensitise the trigeminocervical nucleus, and is defined as 
medication overuse headache. 10 A thorough knowledge of 
the patient's drug history is therefore important. 

Following the exclusion of headaches associated 
with red flags, drugs and infections, the clinician aims 
to differentiate between the more common headache 
categories: either primary or secondary headache. Primary 
headache includes migraine, exertional headache and 
tension-type headache. Secondary headache includes 
cervicogenic headache, temporomandibular dys
function headache and concussion headache arising 
from musculoskeletal dysfunction around the neck and 
orofacial region. 

Exertional headache follows exercise, and concussion 
post-traumatic headache follows a history of trauma. 
Tension-type headache typically presents without fea
tures of migraine or cervicogenic headache, and tends to 
be of a low-grade frequent bilateral headache described 
as pressing or squeezing. In contrast, differentiating 
cervicogenic headache from migraine is more challenging. 

Although a comprehensive large-scale survey of people 
with 'pure' migraine and cervicogenic headache found 
that each has distinctive features (Table 21.1), 11• 12 in 
many cases features coexist, which makes a definitive 
diagnosis difficult. 

History 
Headache location is unilateral in cervicogenic head
ache, 13 but is less so in migraine, often starting on one 
side of the head and spreading to the opposite side 
during a migraine attack. The presence of associated neck 
and arm symptoms should also be noted. Cervicogenic 
headache usually starts in the neck before spreading to 
the head, whereas migraine starts in the head and spreads 
to the neck. 

The nature of onset can be informative. A sudden onset 
of severe, unfamiliar headache, with altered consciousness 
or cognition, may indicate a cerebral haemorrhage or 
other intracerebral pathology. 14 Cervicogenic headache 
typically has a more gradual onset. A recent history of 
a head and neck trauma, with or without concussion, is 
also relevant. 

The intensity and temporal pattern is helpful in 
diagnosis. Migraine is episodic and more severe than 
cervicogenic headache, building up to a crescendo in a 
set time period (24-48 hours), unless early preventive 
analgesic medication is taken. Cervicogenic headache is 
typically less severe, does not have a set time period and 
does not progressively increase in intensity unless the 
provocative stimulus is maintained. 

The relationship between exercise and headache 
onset is informative. Although exercise usually aggravates 
headaches of all types, brief episodes of headache brought 



Table 21.1 Summary of subjective diagnostic criteria contrasting migraine and cervicogenic headache9 • 10 

Gender ratio 1.7 female/male 

Age at onset 18 years 

Headache onset Anterior head 

Pain area 50% unilateral 

Nausea Frequent 

Photo/phonophobia Very frequent 

Throbbing pain Frequent 

Pain on trunk forward bend Very frequent 

Migraine medication Usually helpful 

Neck position pain Rare 

on by exercise may indicate exertional headache. More 
prolonged headache brought on by exercise might 
indicate cervicogenic headache or exertional migraine. 
Hence, a cyclist who develops headache while riding 
could have exertional headache, but equally if they 
have an inadequately set-up bike and associated poor 
posture this might be causing stress on the neck and 
hence cervicogenic headache. Once migraine has started, 
exercise is usually provocative. Conversely, aerobic 
exercise may be helpful in reducing the frequency of 
headache attacks. 15 

PRACTICE PEARL 

Headache aggravated by specific neck movements 

or postures in sport may indicate cervicogenic 

headache, and identifying provocative movement is 

usually helpful for planning manual therapy. 

Rest usually helps alleviate all headache forms during an 
attack. For example, migraine is usually relieved by sleep, 
but this might not always be the case for cervicogenic 
headache, particularly if the sleeping position, mattress or 
pillow is not suitable. 

Prior to the onset of migraine headache, there may 
be associated visual or sensory symptoms (migraine with 
aura). Photophobia, phonophobia, nausea and vomiting are 
also commonly associated with migraine headache and 
usually occur concurrently with the headache episode. 
The presence of neurological symptoms or systemic 
symptoms such as weight loss and malaise is a 'red flag' 
and may indicate a more serious cause of headache 
(e.g. tumour). 

0 .7 female/male 

33 years 

Posterior head/neck 

Predominantly unilateral 

Infrequent 

Infrequent 

Infrequent 

Infrequent 

Not helpful 

Universal 

Common forms of secondary headache are associated 
with symptoms in the upper or lower respiratory tract, 
sinuses and temporomandibular joints (jaw clicking or 
painful limitation of mouth opening), or influenza-like 
symptoms. These features should be looked for to enable 
differentiation from primary headache. 

A past history of head trauma, even if relatively minor, 
may be significant as subdural haematoma may present 
well after the trauma, even weeks later. Previous problems 
such as encephalitis or major systemic illnesses should 
also be recorded. 

Psychological comorbidities are factors in cases where 
headache becomes long lasting, such as in chronic migraine 
where headache persists for more than 3 months. 16 An 
assessment of life stresses is an important part of the 
history. These include personal relationships, work pres
sures and problems related to the athlete's sporting 
activity. Identified problems require management as part 
of an overall care package. 

Clinical measurement of headache 
Headache is a complex multidimensional problem, which 
needs to be assessed using a range of different measurement 
tools including diaries and questionnaires. There are specific 
instruments that measure headache burden and severity.17 

Primary measures of headache include attack frequency 
or headache days per month, which can be combined 
with headache severity and duration to form an index. 18 

Additional parameters include measures of disability and 
quality of life such as the headache disability inventory, 19 

as well as medication consumption, psychiatric symptoms, 
stress and coping, and treatment satisfaction. Simply 
measuring headache frequency, intensity and duration as 
an outcome measure may be problematic as people tend 
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Figure 21.2 Factors to consider in a headache evaluation 

to either underestimate or overestimate their symptoms 
depending on how they feel at the time they are asked.17 

Hence evaluating a range of headache parameters is likely 
to give a clearer, bias-free estimate of change. Figure 21.2 
illustrates typical measurements taken during evaluation. 

Examination 
In all patients presenting with headache, a full neurological 
examination is required, and the skull, cervical spine and 
orofacial region must always be carefully examined. The 
examination should consist of some or all of the following 
components depending on the presence or absence of 
specific symptoms in the history: 

• general appearance 
• mental state 
• speech 
• skull examination 
• cervical spine examination 
• temporomandibular joint 
• gait and stance 
• pupils and fundi 
• special senses (e.g. smell, vision, hearing) 
• other cranial nerves 
• motor system 
• sensory system 
• general examination. 

PRIMARY HEADACHE 
Primary headache includes migraine, tension-type head
ache, medication overuse headache, exercise-related 
headache and some types of post-traumatic headache. 
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In the general population, the 1-year prevalence rate for 
primary headache is 62%.20 By survey, approximately 40% 
of migraine sufferers experience migraine precipitated 
by exercise, and 34% of Australian rules football players 
suffered migraine according to IHS criteria, a rate higher 
than population controls.7 In that study, almost 60% of 
subjects experienced regular headaches related to sport.4 

Migraine 
Previously primary headache, in particular migraine, was 
thought to be a vascular disorder, or due to cortical 
spreading depression. More recent evidence points to 
abnormality of brain function leading to a chain of events 
in the periphery.21·23 In simple terms, migraine pain can 
be thought of as an altered perception of normality, such 
that normal sensory input is misinterpreted as pain.24 This 
concept of the variable modulation of sensory input is 
explained in Lorimer Moseley's YouTube video 'Why things 
hurt' (http://ow.ly/S9n0h). (See also Chapters 5 and 6.) 

The neuroanatomical basis for migraine is the 
trigeminocervical nucleus. The migraine pain process 
is likely to be a combination of direct factors, that is, 
activation of the trigeminal nociceptors, in concert with 
a reduction in the normal functioning of the centrally 
mediated endogenous pain control pathways that 
normally gate that pain.25 Thus there are both central and 
peripheral mechanisms involved. 

Migraine is broadly categorised into migraine with 
and without aura. An aura is a specific set of neurological 
symptoms that typically precede the headache which 
include visual disturbances (e.g. scotomas), paraesthesia, 
vertigo, hemiplegia and ophthalmoplegia. Although most 
people think of migraine as headache alone, the true 
migraine sufferer usually notices a spectrum of symptoms, 
including nausea, vomiting, diarrhoea and weight gain. 
The important point for sports clinicians is that there does 
not have to be an aura. The IHS criteria for the diagnosis of 
migraine without aura are shown in Table 21.2.3 

Clinical features 
The typical features of migraine are prec1p1tation by a 
change in homeostasis such as tiredness, temperature, 
altitude, thirst, hunger or stress. Ensuing headache pain 
is described as sharp and intense, throbbing or beating in 
time with their pulse. Commonly, it begins in the temple 
or forehead on both sides. When it starts on one side, it 
may spread to the other side. Occasionally, the headache 
begins at the back of the head and moves forwards. 

The common neurological accompaniments to migraine 
with aura are visual. Patients speak of bright or dark 
objects often to one side of the visual field. These objects 
may shine or flicker and typically move across the visual 
field. The visual symptoms usually last about 20 minutes 



Table 21.2 Diagnostic criteria for migraine without aura3 

A. At least five attacks fulfilling criteria B-D below 

B. Headache attacks lasting 4-72 hours 

C. Headache has at least two of the following four characteristics: 

1. unilateral location 

2. pulsating quality 

3. moderate or severe pain intensity 

4. aggravation by or causing avoidance of routine physical activity (e.g. walking or climbing stairs) 

D. During headache at least one of the following: 

1. nausea and/or vomiting 

2. photophobia and phonophobia 

E. Not better accounted for by another diagnosis 

and most often clear before the sensory, cogmnve or 
headache symptoms begin. Sensory symptoms are usually 
described as tingling, pricking or pins and needles. These 
commonly commence in the face or fingers and gradually 
spread up the limb or over the same side of the body. 
Nausea, vomiting and dizziness are common during or 
after the attack. 

Precipitating factors in migraine 
A number of precipitating factors in addition to a change 
in homeostasis are commonly found in association with 
migraine headaches. These are: 

• endocrine changes (e.g. premenstrual or menstrual, oral 
contraceptive pills, pregnancy, puberty, menopause, 
hyperthyroidism) 

• metabolic changes (e.g. anaemia, thyroid disease) 
• infective causes (e.g. fever, rhinitis) 
• change in activity including extreme exercise 
• alcohol 
• drugs (e.g. glyceryl trinitrate [nitroglycerine], nitrates, 

indomethacin). 

Chocolate and cheese are anecdotally reported triggers 
of migraine, but this is not confirmed in trials.26 

Treatment 
Although sleep and resting quietly in a dark room often 
helps alleviate a migraine attack, the primary method of 
active treatment is typically pharmacological. High-dose 
aspirin (ASA) (900 to 1200 mg), often combined with an 
antiemetic, is the drug of choice in the acute phase. Other 
acute agents such oral, intranasal or parenteral triptans 
may be used as rescue medications if the initial therapy is 
unsuccessful. Determining the best drug option depends 
on a number of patient factors as well as the nature of the 
headache and timing of treatment. This is best done by 
a medical practitioner experienced in this area. A person 
experiencing frequent or disabling migraine episodes, 

Figure 21.3 Management of migraine 

especially when he or she is losing considerable time off 
work or school, may find prophylactic therapy necessary. 

The long-term management of migraine should be 
multifactorial (Fig. 21.3 ). An important part of this plan is 
to identify and avoid precipitating factors. Central to this 
is the patient's understanding of homeostasis, maintaining 
equilibrium through adequate diet, hydration and sleep, 
as well as reducing stress and anxiety.27 Neuroscience 
education may also be valuable in this regard, and involves 
the careful explanation of pain mechanisms and central 
sensitisation. Other options include traditional herbal 
remedies such as 'feverfew'. 

Exercise can induce and exacerbate migraine, but exercise 
can also activate a pain modulatory mechanism, ideal in 
the management of migraine.28 The prophylactic effects of 
exercise in migraine were shown in a randomised controlled 
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trial.29 Intervention comprised three arms: home relaxation; 
controlled aerobic exercise on a static bike; or the oral 
medication topiramate. The study included an extended 
follow-up period. Exercise was equally effective as medication 
in reducing episodes of migraine. A second pilot study 
evaluated the effects of an 8-week running program and also 
found positive benefits compared to a control group.15 

It is critical in the management of migraine and other 
forms of headache that the use of repeated doses of analgesia 
alone be avoided. One of the consequences of the overuse 
of analgesic medication is medication overuse headache, 
which becomes a self-generating headache. The underlying 
mechanisms of medication overuse headache appear 
similar to migraine with alteration in cortical neuronal 
excitability and central sensitisation. The diagnosis is based 
on the presence of chronic headache on 15 days per month 
for 3 months, with simple analgesic medication taken on 
15 days per month.3 The condition can be managed with 
variable success with a structured management program.30 

For this reason, the use of simple analgesics in headache 
treatment should be limited to a maximum of 3 days per 
week. Drug management should be directed at the cause 
of the problem, not simply short-term pain relief 

Primary exercise headache 
Primary exercise headache is precipitated by exercise 
in the absence of any intracranial disorder. It has been 
reported in association with weightlifting, cycling, 
running and other sporting activities. The IHS criteria 
include that the headache: 

• is specifically brought on by sustained strenuous 
physical exercise 

• has a pulsating quality that lasts from 5 minutes to 
48 hours 

• is prevented by avoiding excessive exertion 
• occurs particularly in hot weather or at high altitude.3 

The onset of the headache can be with straining and 
Valsalva manoeuvres such as those seen in weightlifting 
and competitive swimming. The prevalence may be high, 
as headache consistent with primary exercise headache 
was reported in 26% of 4000 competitors in a tough 
cycling event in Holland, and was particularly associated 
with extreme exertion, low fluid intake and warm 
weather.31 In the Vaga study in Norway, 12% of a sample 
of 1646 people were reported to have primary exercise 
headache.32 Patients with this form of headache have 
significantly higher prevalence of internal jugular venous 
valve incompetence, which suggests that intracranial 
venous congestion caused by retrograde jugular venous 
flow may play a role in the pathophysiology of this 
disorder.33 The major differential diagnoses are subarachnoid 
haemorrhage, cervical arterial dissection and reversible 
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cerebral vasoconstncnon syndrome, which need to be 
excluded by the appropriate investigations. 

It has been postulated that primary exercise headache 
is due to dilatation of the pain-sensitive venous sinuses at 
the base of the brain as a result of increased cerebral arterial 
pressure due to exertion.34 In weight lifters, systolic blood 
pressure may reach levels above 400 mmHg and diastolic 
pressures above 300 mmHg with maximal lifts. 

The management of this condition involves either 
avoiding the precipitating activity or drug treatment, for 
example, indomethacin (25 mg three times a day). In practice, 
the headaches tend to recur over weeks to months and then 
slowly resolve, although in some cases they may be lifelong. 

Exertion may also be a triggering factor in migraine. In this 
case, the presentation shows the typical pattern of migraine 
with exertion as the precipitating factor. Most patients with 
this condition describe the migraine beginning immediately 
after exercise, more frequently when the exercise has 
been vigorous. Exertional migraine is often severe and like 
primary exercise headache may be worse in hot weather. 
Modulation of exercise programs including adequate warm 
up, particularly prior to intense periods of exercise or before 
a game, is important. Where this does not help, migraine 
prophylactic medication may be required. 

SECONDARY HEADACHE 
Cervicogenic headache 
A large survey of the general population revealed that 
people who suffer from headache seek physical treatment 
from physiotherapists and other complementary medical 
practitioners.35 These people believe that their headache 
may be a referred phenomenon from a disorder affecting 
structures in their cervical spine. While not all patients with 
headache respond to these varied treatments, many do and 
there is now substantial evidence of a distinct subgroup of 
headache, termed cervicogenic headache, where treatment 
to the cervical spine has a substantial lasting effect.36 

Mechanism 
The underlying pathophysiology of cervicogenic headache 
is one of convergence, whereby afferents from the upper 
three cervical nerve roots converge in the same brain 
region as trigeminal afferents.37 Hence, in the presence 
of sensitisation of this complex, cervical afferent input 
is misinterpreted, and as well as perceiving neck pain, 
headache is also felt. Evidence of such sensitisation in 
cervicogenic headache was shown in a study comparing 
trigeminocervical sensory processing in patients with 
cervical facet joint pain with and without headache.38 

Sensitisation of the trigeminocervical nucleus is an 
important factor in many different forms of headache.38-40 

To explain this, it has been postulated that primary 
headaches form a spectrum, with shared common 



pathophysiological mechanisms,41 and with cervicogenic 
headache one part of this spectrum,42 despite being a 
secondary headache. Notwithstanding this shared patho
physiology among different headache forms, it is apparent 
from systematic reviews that different headache forms 
respond to different forms of intervention; for example, 
in the long-term, migraine does not respond to physical 
intervention.43 Knowledge of the underlying mechanisms 
of headache may provide insight into potential manage
ment and will be discussed later. 

Clinical features 
A thorough history and comprehensive examination is 
required. 

History 
The subjective features of cervicogenic headache contrast 
to those reported by people with migraine and other 
headache forms. Table 21.3 identifies the characteristics 

Table 21.3 Classification of cervicogenic headache 

Symptoms 

Physical examination 

Other 

• Unilateral headache without side sh ift 

• lpsilateral neck, shoulder and arm pain 

of a rather vague, non-radicular nature 

• Pain episodes of varying duration or 

fluctuating , continuous pain 

• Moderate, non-excruciating pain, usually 

of a non-throbbing nature 

• Pain starting in the neck, eventually 

spread ing to head , where the maximum 

pain is often located 

• Pain triggered by neck movement and/or 

sustained awkward position 

• Sustained neck trauma prior to the onset 

• Autonomic symptoms and signs (e.g. 

nausea, vomiting, dizziness, photo- and 

phonophobia, blurred vis ion) 

• Reduced cervica l spine range of motion 

• Symptoms on palpation of the cranium 

or neck 

• Anaesthetic blockades abol ish the pain 

transiently 

of cervicogenic headache and Table 21.1 illustrates 
the difference in presentation between migraine and 
cervicogenic headache based on a survey of all people 
with chronic headache evaluated in a small town in 
Norway.9· 10 Despite this, it can still be difficult to distin
guish migraine from cervicogenic headache and an 
incorrect diagnosis is made in up to 50% of cases.44• 45 

A good example might be a cyclist who develops 
headache during training after a specific time period on 
his or her bike. This could be exercise-induced migraine or 
cervicogenic headache from neck stress as a consequence of 
an incorrectly adjusted bike or poor posture and associated 
altered muscle function. In this case, the physical examination 
becomes increasingly important in differential diagnosis. A 
further difficulty is that patients more often than not present 
with multiple rather than single headache forms, making 
definitive diagnosis more challenging. Amiri et al. reported 
that 55% of subjects in a sample of 196 people had multiple 
forms of headache, with up to four different types.46 

A. Any headache fulfilling criterion C 

B. Clinical, laboratory and/or imaging evidence of a neck 

disorder, known to be able to cause headache 

C. Evidence of causation demonstrated by at least two of 

the following: 

1. Headache has developed in temporal relation to the 

onset of the neck disorder 

2. Headache has significantly improved in parallel with 

improvement in the neck disorder 

3. Cervical range of motion is reduced and headache 

made worse by provocative manoeuvres 

4. Headache is abolished following cervical diagnostic 

anaesthetic blockade 

D. Not better accounted for by another headache diagnosis 
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Examination 
Any structure innervated by the upper three cervical 
nerve roots is a potential contributing factor to 
sensitisation of the trigeminocervical nucleus and a factor 
in cervicogenic headache, hence a thorough clinical 
examination is required of these structures including 
the cervical articulations C0- 1, Cl-2 and C2-3, as well 
as cervical myofascial and neural structures. Caution 
is required as abnormalities found do not necessarily 
indicate the involvement of the cervical spine in headache 
and need to be considered in a diagnostic framework. 
For example, cervical movement impairments4 8 and 
abnormal neurodynamic tests49 have been reported in 
people with migraine. 

There are a number of classification systems described 
to aid in identifying cervicogenic headache. These 
include those published by the IHS3 and the International 
Headache Study Group 13 and are shown in Tables 21.1 
and 21.3. Using the criteria in Table 21.1, it is possible 
to gain a level of confidence regarding the diagnosis of 
cervicogenic headache, with five criteria required for 
diagnosis.47 Successful management from treatment 
directed to the cervical spine would be confirmatory 
evidence based on the IHS criteria.3 In the absence 
of these criteria, further clinical evaluation should be 
undertaken. 

PRACTICE PEARL 

Examination of the patient with suspected 

cervicogenic headache involves a systematic 

examination of the articular, myofascial and neural 

structures of the cervical and orofacial region, 

including temporomandibular joints. 

As with any musculoskeletal examination, one 
of the aims of the examination is to reproduce the 
patient's symptoms, but this by itself does not indicate a 
musculoskeletal cause for pain. In a recent study, headache 
was reproduced on palpation of the cervical spine in all but 
one patient with migraine and tension-type headache.42 If 
headache can be provoked and, importantly, then relieved 
by manual techniques to the cervical spine then there 
is greater confidence of a cervical musculoskeletal cause 
and the potential for such treatment to be effective in the 
management. 

Articular function can be determined by examining 
range of motion of the cervical spine, either in single 
cardinal planes or combined. Combining movements 
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Figure 21.4 The cervical flexion-rotation test 

increases the potential to identify movement impairment 
at the segmental levels between the occiput and C3. One 
example is the flexion-rotation test (Fig. 21.4), which can 
be used to isolate impairment of movement in the upper 
cervical spine. The neck is placed in end-range flexion 
and range of rotation to each side recorded. Normal range 
is 44° to each side.50 The minimum cut-off value for a 
positive test is approximately 33° and there is a close 
relationship between headache severity and restricted 
range of movement (ROM) on a positive test.5 1-54 This test 
has also been shown to be helpful, with good diagnostic 
accuracy, in distinguishing people with migraine from 
those with cervicogenic headache.52 

A positive test is not universal in cervicogenic 
headache, but is found in as many as 72%.53 While the test 
has been shown to be a valid marker of Cl-2 segmental 
movement in normal people,55 potentially unilateral 
altered suboccipital muscle tone (obliquus capitis inferior) 
associated with any painful articulation above C3, may 
give a positive flexion-rotation test. With further careful 
examination of the articular structures by palpation and 
segmental motion tests, it is possible to determine the 
spinal level of involvement.56 

Temporomandibular disorder (TMD) is a common 
accompaniment to different headache forms, not 
specifically cervicogenic headache.57 Evidence for 
the relationship between impairment of the cervical 
spine and TMD is shown in the significant correlation 
(r = 0.82) between jaw disability and neck disability.58 

Upper cervical movement impairment identified by the 
flexion-rotation test is found in people with TMD,59 

and in people with TMD and cervicogenic headache.60 

Careful examination of the temporomandibular joints and 



orofacial muscles should be performed according to 
recommended guidelines.61 

Identification of impairment of cervical motor control 
and myofascial system is important in cervicogenic 
headache evaluation,62-65 as illustrated by evidence 
of long-term improvement in cervicogenic headache 
symptoms following retraining cervical and scapular 
motor control.66 Impairment includes loss of postural 
alignment (forward head posture) and neuromuscular 
control as well as muscle weakness, endurance and 
extensibility.67 

Impairments of craniocervical flexion control are some 
of the defining features of neck-related headache.62• 63· 68 

This test evaluates the deep neck flexor muscles, which 
typically become substituted by the superficial flexors 
sternocleidomastoid, hyoids and platysma. Similar 
impairments in craniocervical flexion control have 
not been found in migraine or tension-type headache 
according to one study,62 but were in tension-type head
ache in another.69 Other changes to the muscle system 
in cervicogenic headache include evidence of muscle 
tightness65 and trigger points.70 See Chapter 23 for more 
details of evaluation of cervical muscle control. 

Sensitisation of the upper cervical neural tissue is 
found in approximately 10% of cases with cervicogenic 
headache, less commonly when compared to the 
cervicobrachial region.6 5• 71 Identification is important, 
as the presence of such sensitisation is likely to lead 
to treatment failure unless addressed. Typically, the 
patient will adopt an antalgic forward head posture 
with retraction and upper cervical flexion will 
be provocative and limited in range. Suboccipital 
muscle tone may be raised as a protective measure. 
Neurodynamic tests (Chapter 15), such as in Figure 21.5 
involving upper cervical spine flexion with the arms 
in a neural provocative position, should reproduce 
head pain. The upper cervical neural tissue (e.g. greater 
occipital nerve) is likely to be sensitive to palpation in 
positive cases (Fig. 21.6). 

In this section, various aspects of examination have 
been described to aid in the identification of cervicogenic 
headache. While the individual items of assessment may 
be of importance, consideration of multiple physical 
examination criteria is likely to increase the accuracy of 
diagnosis. This is supported by one study which revealed 
that collectively, impairment in motor control identified 
by the craniocervical flexion test and restricted neck 
movement, in association with evidence on manual 
examination of upper cervical joint dysfunction had 100% 
sensitivity and 94% specificity to identify cervicogenic 
headache.62 

Figure 21.5 Upper cervical neurodynamic test involving 

upper cervical spine flexion with the arms in various neural 

provocative positions, with an aim to reproduce head pain 

Figure 21.6 Palpation of the greater occipital nerve 
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Figure 21.7 Management of cervicogenic headache 

Treatment 
The clinician's confidence in diagnosis of cervicogenic 
headache, and thus potential for response to physical 
interventions, are improved by combining information 
from all aspects of the examination, as currently there 
is no consensus as to which examination criteria predict 
success for cervicogenic headache.72• 73 Hence treatment, 
as illustrated in Figure 21.7, should ideally target all 
factors identified during the examination as contributing 
to the athlete's problem. An important factor associated 
with recovery from neck pain is sleep quality,74 hence 
physical factors (articular, neural and muscle function) 
are not the only ones to consider in management. Since 
cervicogenic headache is associated with sensitisation 
of the trigeminocervical nucleus, factors that might 
reduce this, such as neuroscience education and lifestyle 
management, as well as reducing stress and anxiety, should 
also be considered. 

Evidence for a multisystem approach to management 
was shown in a multicentre randomised controlled trial.66 

While manipulation/mobilisation and, separately, motor 
control re-education were found to be effective in the 
long-term, combining both these approaches was found 
to be more effective. 

There is evidence for a range of different manual therapy 
techniques in management of cervicogenic headache. 
Manipulation of the cervical spine may be effective,75 

but is potentially more hazardous and has been found to 
be no more effective than more gentle, potentially less 
dangerous forms of treatment including joint mobilisation 
or Mulligan mobilisation with movement.76 Joint 
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Figure 21.8 Passive upper cervical rotation mobilisation 

technique 
COURTESY OF TOBY HALL 

mobilisation might include Maitland passive accessory 
mobilisation or physiological mobilisation techniques in 
appropriate cervical positions (based on assessment) to 
stretch the impaired joints to restore normal movement 
(Fig. 21.8). Such techniques should include exercise to 
maintain improved mobility. 

Mobilisation with movement is a combination of pain
free passive accessory joint glide applied together with 
active movement (Fig. 21.9) and can be used to improve 
segmental joint mobility at any level in the cervical 
spine.77 The aim of this approach is to restore normal 
segmental movement in a painless way by encouraging 
normal biomechanics. For example, a cyclist may develop 
cervicogenic headache due to abnormal movement at the 
C2-3 segment, which might provoke headache during 
prolonged cycling activity. Improving C2-3 segmental 
motion with a mobilisation with movement technique 
together with a self-mobilisation home exercise, postural 
control exercise and muscle re-education typically 
eliminates the problem. 

Another common clinical situation in athletes with 
chronic cervicogenic headache is a positive flexion-rotation 
test (Fig 21.4). This usually responds in a rapid and sustained 
way to a simple Mulligan self-mobilisation technique 
(Fig. 21.10) directed to the upper cervical spine.78 In this 
case, treatment is aimed at the impaired cervical articulations 
in an attempt to increase mobility specifically in the upper 



Figure 21.9 Mobilisation with movement into flexion 

at C2-3 
COURTESY OF TOBY HALL 

Figure 21.10 Mulligan self-mobilisation for upper 

cervical rotation impairment identified by the flexion

rotation test 

cervical spine. The positive sustained long-term improvement 
following this intervention goes some way to validate the 
use of mobilisation in cervicogenic headache.78 

Dosage of mobilisation and manipulation is important. 
For example, a single session of manipulation is not 
effective in the long term,79 but eight sessions are 
effective, as are 16.75 Specific trigger point and other soft 
tissue techniques may be used if these have been found 
to be involved in the disorder. There is some evidence 
to show that simple soft tissue therapy techniques can 
improve the flexion-rotation test, thus helping headache 
symptoms.80 

Figure 21.11 Tape to improve scapula control 

PRACTICE PEARL 

A comprehensive exercise program should include 

motor control exercises including postural control, 

particularly in the functional complaint activity/position. 

For example, cervical and scapular postural control needs 
to be addressed while riding a bike in the patient with 
cycling-induced cervicogenic headache, but to achieve 
this may also require attention to lumbopelvic posture 
and bike set-up. Postural faults may develop through 
repetitive sporting activity. For example, an increased 
thoracic kyphosis, cervical protrusion and scapula anterior 
tilt and protraction may develop in a swimmer, cyclist or 
body builder through uncorrected muscle activity. This 
position may abnormally stress the upper cervical spine, 
inducing headache. Correcting these faults may require 
joint mobilisation as well as postural and motor control 
re-education. Sports tape may be used to facilitate postural 
correction of the scapula (Fig. 21.11) until the athlete 
learns to correct his or her posture independently. 

Exercise may also include stretching of any muscles 
found to be short, together with strengthening of the 
shoulder girdle and neck muscles. Important muscles 
for stretching include pectoralis minor, upper trapezius, 
levator scapula and suboccipitals, among others.65 Neck 
strengthening combined with stretching exercises were 
found to be more effective compared to endurance training 
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Table 21.4 The IHS criteria for the diagnosis of headache attributed to trauma or injury to the head and/or neck 

(IHS 5.1 and 5.2)3 

A. Any headache fulfilling C and D 

B. Traumatic injury to the head 

C. Headache is reported <7 days after: 

1. injury to the head 

2. regaining consciousness following head injury 

3. discontinuing medication that impairs ability to sense headache following injury to the head 

D. Headache disappears within 3 months after trauma (acute) or headache persists for greater than 3 months (persistent) 

or stretching alone in the management of cervicogenic 
headache.81 

Recent evidence suggests a close interaction between 
the upper cervical spine, temporomandibular dysfunction 
and cervicogenic headache.59• 82 This might explain why 
combining manual therapy techniques to the temporo
mandibular joint and orofascial muscles with cervical manual 
therapy was found to be more effective in the management of 
cervicogenic headache than cervical manual therapy alone.83 

The clinician should consider incorporating management 
of temporomandibular dysfunction when this is evident 
in examination. 

Post-traumatic headache 
Trauma to the head and neck in sport may lead to the 
development of headache. The initiating traumatic event 
may not necessarily be severe and could involve repetitive 
minor blows as in boxing. The IHS diagnostic criteria for 
post-traumatic headache are shown in Table 21.4.3 

Most often these forms of headache resemble cervi
cogenic headache, tension-type or migraine. Not sur
prisingly, trauma to the head affects the neck and could 
lead to cervicogenic headache. Indeed, the presence of 
neck pain appears important in post-traumatic headache 
sufferers without premorbid headache.84 Hence the 
diagnosis is made on the close temporal relationship 
between the traumatic event and the onset of headache, 
but should also require careful examination of the cervical 
spine and the potential for cervicogenic headache. 

The presence of migraine-like headache after concussion 
correlates with more severe injuries and identifies athletes 
at risk of prolonged recovery to baseline.85 Headache may 
occur in isolation or may be part of a range of symptoms 
including dizziness, sleep disturbance, balance disturbance 
and loss of cognition. This is dealt with in more detail in 
Chapter 20 on concussion. 

Evidence for the management of post-traumatic 
headache is not well established. Generally, treatment 
should be provided according to the category the particular 
headache most resembles.4 The clinician should be aware 
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of the potential for medication overuse headache, a known 
factor in the development of persistent symptoms, unless 
analgesic medication is carefully monitored.86 

Post-traumatic migraine 
Headache may follow repetitive relatively minor traumatic 
events to the head and neck. This may be seen in sports 
such as soccer, where repetitive heading of the ball 
gives rise to the term 'footballer's migraine'.87· 88 Boxing 
and similar sports also lead to problems like these. Even 
mild head trauma can induce migraine. One particular 
syndrome that is recognised in the setting of minor head 
blows is migrainous cortical blindness. This disturbing 
condition often raises fear of serious cerebral injury but 
tends to resolve over 1-2 hours. 

External compression headache 
External compression headache (IHS 4.2), formerly 
known as 'swim goggle headache,' presents with pain 
in the facial and temporal areas produced from wearing 
excessively tight face masks or swimming goggles. It is 
commonly seen in swimmers and divers. In divers, this 
may be referred to as 'mask squeeze', and is seen on 
descent to depth as the effects of pressure reduce the 
air space inside the mask. The aetiology is believed to be 
due to continuous stimulation of cutaneous nerves by the 
application of pressure. 

High-altitude headache 
High-altitude headache (IHS 10.1.1) is a well-recognised 
accompaniment of acute mountain sickness (although 
it can occur on its own), which occurs within 24 hours 
of ascent to altitudes above 3000 m.89 The headaches 
are vascular in nature and are seen in unacclimatised 
individuals. Typically, these are associated with other 
physiological effects of altitude or may be an early 
manifestation of acute mountain sickness. The treatment 
is to descend to lower altitude, although pharmacological 
interventions such as ibuprofen, acetaminophen/ 
paracetamol and acetazolamide may be used. 



Hypercapnia headache 
Headache in divers, while uncommon and generally 
benign, can occasionally signify serious consequences 
of hyperbaric exposure such as arterial gas embolism, 
decompression sickness, and otic or paranasal sinus 
barotrauma. Inadequate ventilation of compressed gases 
can lead to carbon dioxide accumulation, cerebral 
vasodilatation and headache.90 

Since carbon dioxide (CO2) relaxes cerebrovascular 
smooth muscle, hypercapnia leads to cerebral 
vasodilatation and increased intracranial pressure. 
Carbon dioxide can accumulate insidiously in the diver 
who intentionally holds the breath intermittently (skip 
breathing) in a mistaken attempt to conserve air, or 
takes shallow breaths to minimise buoyancy variations 
in the narrow passages of a wreck or cave. The diver 
may hypoventilate unintentionally if a tight wetsuit 
or buoyancy compensator jacket restricts chest wall 
expansion, or if ventilation is inadequate in response 
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to physical exertion when swimming against a strong 
current. 

The headache associated with CO2 retention develops 
gradually and affects the bifrontal, bitemporal or bioccipital 
head regions. Throbbing pain ranging from mild to severe in 
intensity typically lasts from 10 to 30 minutes, yet in some 
may persist for several hours along with nausea and malaise. 
Onset accompanies a slow buildup or may follow a reduction 
in sharply rising CO2 tension. Pain typically worsens during 
the decompression phase of the dive or upon surfacing, 
possibly because of the disparity between increased 
intracranial pressure and more rapidly decreasing ambient 
pressure. Non-steroidal anti-inflammatory and ergotamine 
preparations have been reported to be ineffective.90 

Other types of headache encountered in divers include 
exertional headache, cold stimulus headache, migraine, 
tension-type headache, acute traumatic headache, 
cervicogenic headache, carbon monoxide poisoning head
ache and headache associated with envenomation. 
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Chapter 22 

Face, eyes and teeth 

with RODNEY FRENCH, GEOFFREY ST GEORGE, IAN NEEDLEMAN and STEFFAN GRIFFIN 

Having looked ac ic on YouTube, I don'c like co look ac ir roo much because ir freaks 
me our a bir. The bail hie me in che eye and wenr cwo cenrimecres back. 

South Afr ican cricket player Mark Boucher on his career-ending eye injury 

Injuries to the face in sport usually result from direct 
trauma. After reviewing clinical assessment and soft tissue 
injury management, we outline management of injuries to 
the nose, ear, eye, teeth and facial bones. 

FUNCTIONAL ANATOMY 
The bones of the face are shown in Figure 22.1. As most of 
these bones are subcutaneous, they are easily examined. 
Examination should include palpation of the forehead and 
supraorbital rims for irregularities and contour deformities. 

The orbit is a cone-shaped cavity, with a margin that 
consists of the supraorbital ridge above, the infraorbital 
margin below, the zygomatic arch laterally and the nasal 
bone medially. The recess formed protects the eye from 
a blow from a large object. A smaller, deformable object 
such as a squash ball may, nevertheless, compress the globe 
and orbital contents, leading to a 'blow-out' fracture in the 
orbital floor that orbital content can herniate through. 

The zygomatic arch of the malar bone creates the 
prominence of the cheek. Fractures in this region may 
cause flattening of the cheek and a palpable irregularity in 
the inferior orbital margin. 

The maxilla forms the upper jaw. Its superior surface 
helps create the floor of the orbit and the inferior surface 
forms the major part of the hard palate. Mobility of the 
hard palate, determined by grasping the central incisors, 
may indicate a maxillary fracture. 

The lower jaw consists of the horseshoe-shaped 
mandible. The mandible is made up of body, angle and 
ramus, which are easily palpated. The coronoid process 
can be palpated by a direct intraoral approach. The 
gingiva overlying the alveolar ridge may be lacerated in 
mandibular body fractures. 

frontal 
bone 

zygom atic 
arch 

mastoid 
process 

Figure 22.1 Facial bones 

CLINICAL ASSESSMENT 

parietal 
bone 

=--+"-;;,;..nasal 
bone 

Facial injuries1 are frequently associated with profuse 
bleeding. While it is important to control the bleeding, 
it is also vital to fully assess the underlying structures. 
All head and neck injuries should be considered closed 
head injuries. Cervical spine precautions should be taken 
if the patient is unconscious, has neurological deficits 
or cervical spine tenderness, or if cervical spine injury 
is feasible considering the mechanism of injury. The 
airway is particularly vulnerable to obstruction because 
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of bleeding, structural compromise of bony structures 
(e.g. mandible), or dislodged teeth, tooth fragments or dental 
appliances. The practical steps to assess facial injuries are: 

• ascertain the mechanism of injury and locate the 
source of the patient's pain 

• check for blurred vision, diplopia (double vision), 
concussion or cerebrospinal fluid leakage 

• inspect the nasal septum and external ear for haema
tomas and nasal obstruction 

• observe facial asymmetry or structural depressions 
• look for a sunken eye globe suggestive of a blow-out 

fracture 
• observe lacerations or deep abrasions overlying sus

pected fractures. 

Palpate facial bones (orbital rims, nasal bones, temporo
mandibular joints) for significant tenderness, crepitus, 
numbness or contour irregularities. Midface instability or 
crepitus may be demonstrated by stabilising the forehead 
with one hand while gently pulling on the maxillary incisors 
with the other gloved hand. Bimanual palpation along the 
mandible and maxilla (one gloved hand palpating intraorally) 
will uncover instability, irregularity or tenderness. 

Assess extraocular eye movements and cranial nerves 
III, IV and VI by having the patient keep his or her chin 
in a fixed position while tracking the examiner's finger 
movements in all four quadrants. If the patient is able to 
track the movements without reporting diplopia, acute 
extraocular nerve entrapment caused by an orbital blow
out fracture can be ruled out. An inability to raise the 
eyebrow or wrinkle the forehead following laceration to 
the eyebrow suggests injury to the temporal branch of the 
facial nerve on that side. Reduced sensation over the skin 
below the eye in the distribution of the infraorbital nerve 
may be associated with a blow-out fracture of the orbit. 
The nerve distribution includes the upper gum and lip. 

PRACTICE PEARL 

If the patient is unable to open his or her mouth or 

exhibits severe pain along the lateral aspect of the 

cheek or jaw when attempting to open, a fracture of 

the mandible or zygoma must be considered. 

With the mouth open, the oral cavity should be assessed 
to rule out damage to the teeth and lacerations in the 
intraoral mucosa or tongue. Locate fractured or missing teeth, 
when possible, to avoid accidental aspiration. When asked to 
close the mouth, the patient's sense of malocclusion suggests 
a significant fracture of the mandible, maxilla or palate. 

Leakage of cerebrospinal fluid (CSF) following a blow 
to the nose (CSF rhinorrhea) may indicate a fracture of the 
base of the anterior cranial fossa. CSF is a clear discharge and 
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the patient may report a salty taste in the mouth. If there 
is doubt about the origin of a nasal discharge associated 
with trauma, the discharge should be tested with a urinary 
dipstick for glucose. CSF is positive for glucose. 

A list of common conditions and conditions not to be 
missed is shown in Table 22.1. 

LACERATIONS AND CONTUSIONS 
Lacerations and contusions to the face and scalp are 
prevalent in sports such as football, ice hockey, martial arts 
and racquet sports. 1 Examination should include palpation 
of the underlying bone to detect bony tenderness. 
Neurological examination is required if there is a history 
of loss of consciousness or suspected skull fracture. 

Immediate management of lacerations 
Begin immediate management with ice and pressure 
to reduce local swelling. Control bleeding with direct 
pressure over the wound using sterile gauze. A player 
with a bleeding wound must be removed from the field 
of play immediately as there is concern that the presence 
of blood may increase the risk of hepatitis B or human 
immunodeficiency virus (HIV) infection for other players. 

After removing the athlete from the field of play, 
examine the laceration closely under good light. Further 
cleaning and removal of foreign bodies may be required. If 
necessary, infiltrate a local anaesthetic agent to adequately 
clean the wound. The local anaesthetic used should be 
1 % or 2% lignocaine (lidocaine) containing adrenalin 
(epinephrine) 1:100000 to provide some vasoconstriction 
as well as analgesia. 

Management of larger lacerations 
Lacerations greater than 0.25-0.5 cm long should be 
closed if they appear clean. Closure may be obtained by 
suturing or by taping with adhesive strips (Steristrips®). 
Steristrips are ideal for small wounds; however, persistent 
bleeding or excessive sweating may prevent adhesion. To 
overcome this, tincture of benzoin (friar's balsam) may be 
applied to increase adhesiveness. Adequate dressings will 
be required to keep the adhesive strips in place, especially 
if the player is returning to the field. Scalp wounds often 
bleed profusely. Small wounds can be controlled with 
local pressure, but larger ones require suturing. 

If facial lacerations require suturing, use 5/0 or 6/0 nylon. 
It is important that the skin edges are healthy. Pieces of 
devitalised skin should be debrided. Take care to approximate 
the skin edges carefully while suturing. Remove sutures after 
5 days and place adhesive strips over the wound for a further 
week. The wound should be kept dry for at least 48 hours. 

An alternative to suturing is skin staples. These must 
be covered if the player is returning to the field to prevent 
them from being accidentally torn out or from injuring 



Table 22.1 Facial injuries in sport 

Facial soft tissue Contusion 

Laceration 

Nose 

Ear 

Eye 

Teeth 

Fracture of nasal bones 

Epistaxis 

Contusion ('cauliflower ear') 

Otitis media 

Otitis externa 

Corneal abrasion 

Corneal foreign body 

Conjunctiva! foreign body 

Subconjunctival haemorrhage 

Eyelid laceration 

Enamel chip fracture 

Luxated tooth 

Avulsed tooth 

Associated underlying fracture/nerve injury 

Fracture of nasal septum Septal haematoma 

Laceration Fractured petrous temporal bone 

Ruptured tympanic membrane Torn auditory nerve 

Chemical burns 

Vitreous haemorrhage 

Retinal haemorrhage 

Retinal oedema 

Hyphaema 

Crown fracture 

Corneal laceration 

Retinal detachment 

Lens dislocation 

Blow-out fracture of the orbit 

Optic nerve injury 

Injury to lacrimal system 

Impacted tooth 

Facial bones Temporomandibular joint sprain or Fractured maxilla 

malalignment 

Zygoma fracture 

Fractured mandible 

Orbital blow-out fracture 

Table 22.2 Management of specific lacerations 

Deep lacerations (e.g. to galea aponeurotica in forehead) Interrupted 5/0 absorbable sutures (prior to skin closure) 

Eyebrow laceration Do not shave eyebrow hair. Strict anatomical approximation required 

Partial-thickness lip laceration at vermilion border Place first suture at mucocutaneous junction to ensure accurate alignment 

Full-thickness lip laceration Three layer closure required (preferably by plastic surgeon) consisting 

of: oral mucosa first; orbicularis oris second; skin last 

Deep intraoral laceration Use 3/0 silk sutures and keep in place for 1 week 

another player in a collision. Another alternative is the use 
of histoacryl glue. 

Additional considerations 
All patients with potentially contaminated wounds 
should receive tetanus prophylaxis and a short course 
of oral antibiotic therapy, for example, cephalexin 
(250-500 mg, 6 hourly) or flucloxacillin (250-500 mg, 
6 hourly). Wounds that may be contaminated by another 
player's saliva, such as bite wounds, should not be closed 
but should be cleaned meticulously. The player should 
be treated with oral metronidazole (400 mg, 8 hourly) in 
addition to penicillin and observed very closely for the 
development of cellulitis. If signs of infection appear, treat 
with intravenous antibiotics. 

NOSE 
The three main conditions that affect the nose in sports 
medicine are epistaxis (bleeds), fractures and septa! 
haematomas. 

Epistaxis (nosebleed) 
Nasal haemorrhage occurs frequently in association with 
nasal injuries. It usually arises from the nasal septum, 
which receives its blood supply from branches of the 
internal and external carotid arteries. In most non
traumatic cases, the bleeding arises from a rich plexus 
of vessels in the anterior part of the septum, known as 
Little's or Kiesselbach's area (Fig. 22.2), whilst bleeding 
will originate from the vessels local to the affected area in 
traumatic cases. 
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Epistaxis 'game-d~~• management 

Proceed to next stage of flowchart if epistaxis not controlled 
_J, 

Apply prolonged digital pressure on the lower nose for up to 20 minutes (with patient sat upright) 
_J, 

Apply cotton wool soaked in adrenalin (epinephrine) 1:1000 to nasal septum 
_J, 

Cauterise bleeding site with silver nitrate applicators (only if bleeding site visualised) 
_J, 

Refer to specialist for further management. 

Initial management consists of prolonged direct 
digital pressure on the lower nose for up to 20 minutes, 
compressing the vessels on the nasal septum with the 
patient sitting upright. Cold compresses over the bridge of 
the nose promote vasoconstriction. If bleeding continues, 
apply cotton wool soaked in adrenalin (epinephrine) 
1:1000 to the nasal septum. If the bleeding site can be 
located, it may be cauterised with silver nitrate applicators 
(cotton swabs soaked in 4% trichloracetic acid). 

If bleeding persists, specialist referral is indicated. The 
nose will usually be packed with 1 cm ribbon gauze 
impregnated with bismuth iodoform petroleum paste 
(BIPP) and left for 48 hours. Post-nasal packing may be 
required if the bleeding originates from the back of 
the nose. In the rare cases that bleeding persists despite 
these local measures, maxillary artery or anterior ethmoidal 
artery ligation may be indicated. 

Nasal fractures 
Fractures of the nose are usually caused by a direct 
blow. Symptoms and signs of nasal fracture include pain, 

via facial 

posterior ethmoid artery 
(via internal carotid) 

artery) greater palatine artery 
(external carotid via maxillary artery) 

Figure 22.2 Little's (Kiesselbach's) area 
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epistaxis, swelling, crepitus, deformity and mobility of 
the nose. Nasal distortion may not be obvious once soft 
tissue swelling develops. Initial management is directed 
towards controlling the nasal haemorrhage. An associated 
laceration should be sutured with 6/ 0 nylon and requires 
prophylactic antibiotic therapy. The nasal passages should 
be examined to exclude a septa! haematoma and patients 
should be advised to return if they notice increased pain 
or develop a fever (see below). 

Radiographs are probably not required as undisplaced 
fractures require no treatment and displaced fractures are 
clinically obvious. Displaced nasal fractures may require 
reduction. There are two indications for reduction of 
fractures. The first is obstruction of the nasal passages and 
the second is cosmetic deformity. 

In young athletes, displaced fractures are almost always 
reduced because of a tendency towards increased sinus 
infections and a decrease in the size of the nasal passage. 
Attempts at immediate reduction of nasal fractures 
are associated with a risk of arterial damage and severe 
acute haemorrhage. It is preferable to delay fracture 
reduction and refer the patient to a surgeon within 7 days 
of the injury. When the soft tissue swelling has settled 
sufficiently, reduction, if necessary, can be carried out 
under general anaesthesia. 

Septal haematoma 
This important condition can complicate what seems to 
be a trivial nosebleed. A septa! haematoma is caused by 
haemorrhage between the two layers of mucosa covering 
the septum (Fig. 22.3). The presenting complaint is either 
nasal obstruction or nasal pain. The patient may be febrile 
and nasal examination reveals a cherry-like structure (the 
dull, red swollen septum) that occludes the nasal passages. 
Treatment of a large septa! haematoma involves evacuation 
of the clot using a wide-bore needle or through a small 
incision followed by nasal packing to prevent recurrence 
of the haematoma. Antibiotic prophylaxis should be 
given to prevent development of a septa! abscess and 
subsequent cartilage necrosis. 



Figure 22.3 Septal haematoma 

EAR 
Ear injuries in most sports are not common. Nonetheless, 
they can pose a clinical challenge to sports physicians 
working in sports such as rugby and wrestling. The most 
frequent injury is a contusion to the ear known as an 
auricular haematoma. 

Auricular haematoma 
This injury occurs mainly in rugby scrums, boxing 
or wrestling as a result of a shearing blow. Recurrent 
contusions result in haemorrhage between the perichon
drium and the cartilage. This may eventually develop 
into a chronic swelling, commonly known as 'cauliflower 
ear'. An acute haematoma (Fig. 22.4) should be treated 
initially with ice and firm compression, but may need to 
be drained by aspiration under strict aseptic conditions. A 
pressure dressing (cotton wool soaked in collodion) is then 
applied and is carefully packed against the ear to follow 
the contours of the outer ear. This is bandaged firmly. The 
ear must be examined daily to assess progress. Return to 

Figure 22.4 Acute auricular haematoma 

non-contact sports can be immediate, but headgear or 
a helmet is required for return to contact sport. Rugby 
forwards frequently wear headgear which protects their 
ears as a preventive measure. 

Lacerations to the ear require careful cleansing and 
suture. As lacerations located between the scalp and the 
ear are easily missed, this area should always be examined, 
especially if there is a history of the ear being pulled 
forwards. If the auricular cartilage is torn, the overlying skin 
should be carefully aligned and sutured with absorbable 
5/0 sutures; however, the cartilage itself has natural 
physical 'memory' properties, leading to natural alignment 
without the need for sutures. The perichondrium should 
be closed as a separate layer. Prophylactic oral antibiotic 
therapy is recommended. 

Perforated eardrum 
A blow across the side of the head may occasionally 
injure the eardrum. Pain, bleeding from the ear or 
impaired hearing suggest tympanic membrane rupture. 
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These ruptures usually heal spontaneously. Prophylactic 
antibiotic therapy (amoxycillin 250-500 mg, 8 hourly 
if not allergic to penicillin) should be administered. It 
is important to keep the ear dry while a perforation is 
present. In sports where significant pressure changes 
occur, such as platform diving, scuba diving and high
altitude mountain climbing, athletes should not return to 
play until the tympanic membrane has healed. Athletes 
participating in water sports, such as swimming and water 
polo, should use custom-fabricated ear plugs to maintain a 
dry ear canal. Dry land athletes may return to play as soon 
as any vertigo has resolved. 1 

Athletes will often ask whether it is safe to fly with a 
perforated eardrum. It is generally considered safe to do 
so, unless they have had surgery to repair the perforation 
(myringoplasty), in which case guidance should be sought 
from the surgeon. 

A severe blow across the head may fracture the skull 
and cause inner ear bleeding. Discharge from the ear 
(otorrhoea) may signal a neurosurgical emergency and, 
thus, patients should be referred immediately for specialist 
treatment. 

Otitis externa 
Otitis externa is the most common ear condition 
affecting competitive swimmers. It is generally caused by 
bacteria, although fungal infection can also contribute. 
Symptoms include earache, pruritus, discharge and 
impaired hearing. On examination, there may be 
discharge in the ear and local redness along the external 
auditory meatus. There may be tragal tenderness and 
pain on tragal pull. 

Management involves careful aural toilet combined 
with topical antibiotic and corticosteroid ear drops. 
The patient should, preferably, abstain from swimming 
until fully recovered and avoid rubbing or drying the 
ear until after the infection has cleared. The use of 
earplugs in this condition is controversial. They may 
traumatise the ear canal and predispose the swimmer 
to infection. 

Clinical indication~ 

Signs 

PRACTICE PEARL 

Recurrent attacks of otitis externa may be prevented 

by instillation of alcohol ear drops, for example, 5% 

acetic acid in isopropyl alcohol (aqua ear®), after 

each swimming session. 

EYES 
Eye injuries occur most commonly in stick sports, 
racquet sports, especially squash, and contact sports.2 All 
eye injuries, even those that appear to be minor, require 
thorough examination. All serious eye injuries should be 
referred immediately to an ophthalmologist. The indications 
for immediate referral to an ophthalmologist are shown in 
the box below. 

Athletes with a previous history of impaired vision in 
one or both eyes or previous eye trauma or surgery should 
be evaluated by an ophthalmologist prior to participating 
in a high-risk sport. 

Assessment of the injured eye 
To assess the injured eye, it is important to understand the 
anatomy. The anatomy of the eye is shown in Figure 22.5. 

For a thorough assessment of the injured eye, an 'eye 
injuries kit' (Fig. 22.6) is very useful and can be carried as 
part of the 'physician's bag' (Chapter 47). 

History 
The history of the eye injury provides useful diagnostic 
information. Seek to discover the history of the 
mechanism of injury. Were glasses, contact lenses or a 
protective device being worn at the time of injury? Note 
any previous eye injury or problems. Ask about symptoms 
such as pain, blurred vision, loss of vision, flashing lights 
and diplopia. 

Examination 
Test the visual acuity of each eye using a Snellen chart, 
with and without glasses or contact lenses. If a Snellen 
chart is not available, use pages of a newspaper with 

Symptoms 

Severe eye pain 

Persistent blurred or double vision 

Persistent photophobia 

Suspected penetrating injury (corneal laceration, pear-shaped pupil) 

Hyphaema 
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Embedded foreign body 

No view of fund us (suspected vitreous haemorrhage or retinal detachment) 

Markedly impaired visual acuity: 6/12 or less 

Loss of part of v isual field 



retina 

choroi 

scle 

ciliary body & muscle 

Figure 22.5 Anatomy of the eye 

Figure 22.6 Eye injuries kit 

variable print sizes as an approximate assessment of visual 
acuity. On the sporting arena, a scoreboard can be used to 
test distant vision. 

Eye injuries kit I 
Small mirror 

Pencil torch 

Ophthalmoscope 

Snellen chart 

Sterile solution for irrigation 

Local anaesthetic eye drops 

Fluorescein 

Antibiotic drops and ointments 

Cotton buds 

Contact lens lubricant and case(s) 

Eye patches 

Tape 

Inspect the eyelids for bruising, swelling or laceration. 
Note any obvious foreign body, haemorrhage or change in 
pupil size. 

If there is pain or photophobia due to the injury prevent 
examination of the eye, instil a drop of a sterile topical 
anaesthetic agent, such as amethocaine, to assist examination. 

PRACTICE PEARL 

Inspect the cornea for foreign material and 

abrasions. Fluorescein staining under cobalt blue 

light will help reveal areas of corneal ulceration or 

foreign bodies. Evert the upper lid to exclude the 

presence of a subtarsal foreign body. 

Test eye movements in all directions. A restriction in 
any direction or the presence of diplopia may indicate 
orbital fracture. Compare the size, shape and light reaction 
of the pupil with the uninjured eye. An enlarged, poorly 
reacting pupil may be present after injury to the iris. A 
pear-shaped pupil suggests the presence of a full thickness 
corneal or scleral laceration (penetrating injury). 

Inspect the anterior chamber for the presence of blood. 
Blood in the anterior chamber is known as hyphaema 
(Fig. 22.7). 

PRACTICE PEARL 

Ophthalmoscopic examination should routinely be 

performed to inspect the lens, vitreous humour and 

retina. 

The absence of a red reflex on ophthalmoscopic 
examination may be due to a corneal opacity, a lens opacity 
(cataract), intraocular bleeding or a retinal detachment. 
Failure to visualise the fundus may be a sign of vitreous 
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Figure 22.7 Hyphaema-note the fluid level in the anterior 

chamber 

haemorrhage, which can result from a retinal tear. 
Contusion of the retina may produce retinal oedema, 
seen as areas of pallor (and thickening) as well as retinal 
haemorrhage. 

PRACTICE PEARL 

Radiological examination of the orbit is indicated in 

all cases of traumatic eye injury with diplopia and 

in cases where an intraocular or intraorbital foreign 

body is suspected. 

Corneal injuries: abrasions 
and foreign body 
Corneal injuries in sport include abrasion, foreign body 
and, less commonly, alkali burn. Corneal abrasion, one of 
the most frequent injuries to the eye during sport, occurs 
as a result of a scratch from either a fingernail or foreign 
body. The patient complains of pain, a sensation of a 
foreign body being present in the eye and blurred vision if 
the central cornea is involved. 

A topical anaesthetic drop should be instilled to assist 
corneal examination. Fluorescein staining under cobalt 
blue light will help locate corneal abrasions or foreign 
bodies. Evert the upper lid to exclude a subtarsal foreign 
body. 

Treatment of corneal abrasions includes the instillation 
of antibiotic eye drops, for example, chloramphenicol 
and padding of the eye (Fig. 22.8). If pain and 
photophobia are severe, add a topical mydriatic (e.g. 2% 
homatropine). A local anaesthetic agent should never be 
used for pain relief as it can delay healing and result in 
further damage. 
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Eye-injury 'game~ a~• assessment 

1. Test the visual acuity of each eye using a Snellen 

chart, with and without glasses or contact lenses (use 

newspaper pages or a scoreboard if unavailable) 

2. Inspect the eyelids for bruising, swelling or laceration. 

Note any obvious foreign body, haemorrhage or change 

in pupil size (instil a drop of sterile topical anaesthetic 

agent to assist examination if pain or photophobia 

prevent examination) 

3. Evert the upper lid to exclude the presence of a subtarsal 

foreign body 

4. Inspect the cornea for foreign material and abrasions 

(fluorescein staining under cobalt blue light will assist 

greatly) 

5. Test eye movements in all directions 

6. Compare the size, shape and light reaction of the pupil 

with the uninjured eye 

7. Inspect the anterior chamber for the presence of blood 

8. Ophthalmoscopic examination should be performed to 

inspect the lens, vitreous humour and retina. 

Corneal foreign bodies can be removed with a cotton 
tip applicator by a trained clinician. If foreign bodies are 
more deeply embedded, patients should be referred to an 
ophthalmologist. Rust rings, which occasionally remain after 
metallic foreign bodies have been embedded in the cornea, 
require removal by an ophthalmologist. Antibiotic eye 
ointment should be administered following foreign body 
removal and the eye padded for 24 hours until the corneal 
epithelium has healed. 

If an athlete has sustained an alkali burn (from line 
markings), irrigate the eye copiously for 20 minutes with 
sterile saline or tap water and instil a local anaesthetic 
agent to assist this. The athlete should be seen as soon as 
possible by an ophthalmologist. 

Subconjunctival haemorrhage 
Trauma to the conjunctiva may cause subconjunctival 
haemorrhage- a bright red area in the white conjunctiva. 
Unless the haemorrhage is extensive or visual symptoms 
or photophobia are present, it is not clinically important. 

PRACTICE PEARL 

Subconjunctival haemorrhage is a classic finding 

with periorbital fractures, which need to be ruled 

out if the athlete participates in a sport where facial 

trauma is possible. 



Figure 22.8 Eye padding 

Blood pressure should be measured to rule out hypertension. 
Subconjunctival haemorrhage may obscure a perforation of 
the globe. If this is suspected, the patient should be referred 
to an ophthalmologist. In most cases, however, the athlete 
merely requires reassurance. 

Eyelid injuries 
Direct trauma to the eyelids may cause a large amount 
of bruising, which should be treated with cold 
compresses in the first 24 hours. Haemorrhage may spread 
subcutaneously across the midline to the other eye. A 
coexisting orbital fracture needs to be excluded in these 
patients. 

Lacerations of the eyelid require meticulous primary 
repair. Each anatomical layer (conjunctiva, tarsal plate and 
skin) should be repaired separately by an ophthalmic or 
plastic surgeon. 

Trauma near the medial canthus may lacerate the 
upper or lower lacrimal canaliculus (tear duct). If this is 
not repaired, the patient may have permanent watering of 
the eye. Such injuries require ophthalmological referral for 
microscopic suturing of the cut ends of the canaliculus. 

PRACTICE PEARL 

In all injuries to the eyelids, the eye also needs to be 

examined to exclude ocular injury. 

Hyphaema 
Bleeding into the anterior chamber of the eye results from 
ruptured iris vessels and may only be visible with slit 
lamp examination. More significant bleeds will present 
with a bloody layer in the anterior chamber (Fig. 22.7). 
In hyphaemas of small volume, visual acuity may be 
unaffected. Associated injuries may occur and all patients 
with a hyphaema should be referred to an ophthalmologist. 

The aim of treatment of this condition is to prevent 
further bleeding, which may, in turn, result in uncontrollable 
glaucoma or blood staining of the cornea. The patient needs 
to rest in bed while the haemorrhage clears, usually over 
3-5 days. Aspirin and other anti-inflammatory medications 
should be avoided as these may provoke further bleeding. 

Lens dislocation 
Blunt trauma may result in varying degrees of lens 
displacement. Partial dislocation causes few symptoms. 
Complete lens dislocation results in blurred vision. A 
common sign of lens dislocation is a quivering of the 
iris when the patient moves the eye. Iritis and glaucoma 
are possible sequelae of lens dislocation. Immediate 
ophthalmological referral is required. Surgical removal of 
the displaced lens may be indicated. 

Vitreous haemorrhage 
Bleeding into the vitreous humour signifies damage to the 
retina, choroid or ciliary body. Ophthalmoscopic examination 
reveals loss of the red reflex and a hazy appearance. 
Treatment generally consists of bed rest, but more severe 
cases may require specialist referral for removal of the blood 
and vitreous humour. 

Retinal haemorrhage 
Injury to the retina can result from a direct blow to the 
eye or a blow to the back of the head. Valsalva manoeuvres 
(e.g. in weightlifting) may also produce retinal oedema 
and haemorrhage. The patient may remain asymptomatic 
if peripheral areas of the retina are affected. Central retinal 
damage, however, blurs vision. On ophthalmoscopic 
examination, central retinal oedema appears as a white 
opacity that partially obscures the retinal vessels. Boxers 
may develop atrophic macular holes and loss of central 
vision as a result of recurrent contusive injuries. This 
condition requires specialist management. 
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Retinal detachment 
Retinal detachment is more common in those with 
extreme myopia and may result from any blunt or 
perforating trauma. The patient complains of flashes of 
light or the appearance of a 'curtain' spreading across the 
field of vision, which can present months or even years 
after the initial injury. Ophthalmoscopic examination 
reveals elevation and folding of the detached retina, which 
trembles with each eye movement. Immediate referral for 
surgical treatment is indicated. An unusual case of retinal 
detachment in sport occurred in a swimmer who received 
an accidental blow to the goggles.3 

Prevention of eye injuries 
Athletes with certain eye problems should avoid contact 
sports altogether. These problems include: 

• functionally only one eye 
• severe myopia 
• Marfan syndrome 
• previous retinal detachment. 

For squash, protective eyewear must be worn by 
people who have either only one good eye, amblyopia 
(lazy eye), recent eye surgery, history of pre-retinal 
detachment conditions or diabetic retinopathy. Protective 
eyewear should meet the Australian Standard AS4066 
1992 or the US Standard ASTM F803. 

Contact lenses offer no protection against eye trauma. 
Hard contact lenses are not suitable for sporting activity and 
should never be used in contact sport. Soft lenses appear 
to be reasonably safe in contact sport. One of the most 
common 'crises' in injury management is a lost contact lens. 
The athlete will complain that the contact lens is no longer 
in its correct position and cannot be located. Usually the 
lens has been displaced and with careful examination can 
be located elsewhere on the eye, often at the lower lid. 
Occasionally, the lens is displaced completely from the eye 
and lost on the playing surface. Those who wear contact 
lenses during sport should always carry a spare pair of 
contact lenses or a pair of protective spectacles as a back-up. 

Those athletes who cannot or do not like to wear contact 
lenses can use protective goggles made of polycarbonate, 
which are available for most prescriptions. These poly
carbonate goggles are also used as eye protection in sports 
with a high risk for eye injuries. The most obvious examples 
of these are squash and racquetball, where the size of the 
ball enables it to enter the orbit and compress the globe. The 
routine use of closed goggles is strongly recommended. 

Certain sports require protection not only of the eye, 
but of the other facial structures. In sports such as American 
football, ice hockey, cricket and lacrosse, protective 
helmets and faceguards should also provide adequate 
eye protection. Because of the profound effect of major 
eye injury, we encourage athletes and sport governing 
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bodies to be proactive in promoting and enforcing the use 
of eye protection where indicated.4 

TEETH 
Trauma to the teeth and dental tissues is a relatively 
common occurrence in certain sports. A large study, from 
over 70 000 episodes of basketball, showed mouth guard 
wearers had a reduced number of dental injuries and 
referrals to the demist when compared to those who did 
not wear mouth guards.5 This illustrates the importance of 
the team doctor or coach in preventing injuries through 
education of athletes and also the requirement to know 
how to manage dental trauma, when it occurs. 

Nature of injuries 
Within the mouth are a number of tissues which can be 
traumatised as seen in the image below (Fig. 22.9). 

Trauma results in tissues being crushed, stretched or 
torn, as seen in the image of a demo-alveolar fracture 
(Fig. 22.10). The damage caused to teeth and their 
supporting tissues following trauma is dependent on a 
number of factors, such as the energy of the impact, the 
direction of the blow, the tissues traumatised, the resilience 
or elasticity of the striking object, and the local anatomy. 
Therefore, dental trauma may present in a number of 
different ways despite apparently similar causes. 

Emergency management 
Options for treatment of dental injuries at a sporting event 
may be limited, due to lack of equipment and facilities. 
Some injuries may not be visible and may require further 
special investigations to diagnose. However, many injuries 
do not need immediate treatment and the most common 
injuries seen are detailed in Table 22.3 below. 

Figure 22.9 Sagittal view showing the jaw and a tooth in 

the maxillary incisor region identifying the tissues that may 

be damaged following dental trauma 



Figure 22.10 Dente-alveolar fracture showing fracture 

(1) and displacement of a tooth (2) from its socket (3) 

Certain situations require special consideration in 
dental trauma: 

• Mouth guard in situ- in general, leave a mouth guard 
in place as removal might further damage traumatised 
teeth. If mouth guard must be removed, ensure the 
patient is seated upright and check the mouth and 
mouth guard following its removal for teeth and teeth 
fragments. The mouth guard should not be used to 
splint teeth due to the problems of oral hygiene. 

• Dentures, crowns and bridges- if loose, then remove if 
possible as they present a choking hazard. 

• Unconscious patients- store avulsed teeth in a suitable 
storage medium and pass to the Emergency Department. 

Dental management and follow-up 
Injured athletes must be examined by a dentist as soon as 
possible, with a referral letter if time permits. Treatment 

(a) 

can be complex and complications of healing are common. 
Therefore, athletes who experience trauma should be 
informed they need close follow-up at regular intervals 
over a number of years. 

Prevention 
Although prevention of injuries is often thought to just 
include the wearing of protective mouth or headguards, 
an important aspect is education. Athletes should be 
individually assessed to determine if guards should be 
worn, for example when engaging in high-risk contact 
sports, and if prominent upper incisor teeth are present. 
All efforts should be made to encourage their use. 

The two most common types of protection are listed 
below. 

Faceguards: 

• are pre-formed cages that attach to a helmet 
• provide protection from blows to the front of the head 
• often fail to prevent similar blows to the chin, therefore 

mouth guards also may need to be worn 
• significantly reduce injuries in certain sports such as 

hockey6 and baseball.7 

Mouth guards: 

• use has also reduced the frequency of dental trauma
related injuries8 

• prevent damage to teeth, soft tissues and mandible, 
by cushioning against the opposing teeth following a 
direct blow 

• can also prevent teeth from being lost from the mouth, 
swallowed or inhaled 

• do not appear to prevent concussion injuries.9 

Three types of mouth guard exist (Fig. 22.11): 

1. Stock mouth guard (Fig 22.1 la)- loose fitting, made of 
plastic or rubber and should be avoided as they provide 
none of the protective functions already discussed. 

(b) 

Figure 22.11 (a) Stock mouth guard (b) Mouth-formed mouth guards 
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(c) 

Figure 22.11 (cont.) (c) Custom-made mouth guard 

Figure 22.12 Maxillary incisors and canines showing how 

tooth/root axes are inclined towards the back of the mouth 

to guide tooth replantation if avulsed 

Table 22.3 Emergency dental treatment 

Fractured teeth 

Avulsed tooth 

Multiple avulsed teeth 

Displaced teeth 

Avulsed teeth that cannot be 

reimplanted 
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• Collect tooth fragments and store in milk or saline 

• Fragments can be re-attached to teeth in the dental surgery 

• Assume lost fragments have been swallowed or inhaled. These must be located with chest 

or abdominal radiographs as the consequences of inhaling infected tooth fragments are 

serious 

• Attached fragments should be left unless they can be easily detached 

• Reposition in socket as soon as possible (within 5 minutes 10) 

• Hold avulsed tooth up by its crown, not root 

• Wash with saline or water for 1 O seconds only, until the root looks clean 

• Re-implant the tooth in its socket 

• Check it is correctly aligned and the athlete can bite together 

• Bite on clean gauze 

• Visit general doctor for a tetanus booster if needed 

• Teeth are unique in shape and their sockets closely replicate their contour 

• Gently insert into their sockets, one at a time 

• If teeth do not fit in their sockets, try another socket 

• Do not force teeth into their sockets 

• Upper central incisors are larger than lateral incisors 

• Lower incisors are difficult to tell apart 

• As a guide, the root tips of teeth are tilted towards the back of the mouth (Fig 22.12) 

• Gently reposition 

• If any resistance to repositioning or pain are felt, the athlete should attend their dentist for 

this to be performed under local anaesthetic 

• Teeth must be kept in a suitable storage medium for transport to the dentist. Never store in 

water 

• Type of storage medium depends on storage time: 

- < 10 minutes-physiolog ical saline 

- Up to several hours 11 -fresh milk (cold, low fat is best) 12 

- Up to 24 hours 13-specia l cu lture medium, available commerc ially as Dentosafe® or 

EMT'" Tooth Saver 

• If no medium is available, store in athlete's saliva 



2. Mouth-formed mouth guards (Fig. 22.1 lb)- two types: 
a. a shell filled with a plastic or rubber co improve fit 
b. pre-formed plastic mouth guard softened in hot 

water and moulded co the shape of the teeth and 
soft tissues 

Both types can be tight fitting, but can be bulky, less 
comfortable and therefore less likely co be used. 

3. Custom made (Fig. 22.1 lc)- conscructed on accurate 
models of the athlete's teeth. They are well retained and 
less bulky than other designs, but are more expensive 
co purchase. Due co their size and fit, they are more 
comfortable co wear than other types of mouth guards, 
and as a result more likely co be used in sport. 

Mouth guards should be kept clean using standard 
mouthwashes to rinse. They should be kept away from 
extreme heat, such as hot water, which will cause distortion 
of fit. 

Therefore a custom-made mouth guard from a dentist 
is advised, as this will be the most comfortable, least bulky 
and best fitting. If not available, consider using one that 
can be moulded in the mouth. 

FRACTURES OF FACIAL BONES 
In sport, facial fractures may result from blows by 
implements such as bats or sticks, equipment such as 
skis14 and from collision injuries. Mountain biking is a 
sport that causes a significant proportion of facial injuries. 
Eye wear15 and face shields 16 can protect against facial 
injuries. 

Symptoms and signs range from pain, swelling, 
ipsilateral epistaxis, laceration and bruising to gross 
deformity. Examination may reveal facial asymmetry, 
crepitus, discoloration or obvious deformity. Most facial 
fractures are not overly painful and so there should 
be little objection co firm palpation, which aids in the 
diagnostic process. Objectively, the bite should be 
examined for malocclusion while the patient should 
also be subjectively asked whether their bite 'feels' 
out of alignment. Bimanual examination of the facial 
bones may show areas of discontinuity and mobility. If 
maxillary fracture is suspected, the upper teeth can be 
grasped co determine evidence of excessive movement 
of the upper jaw and midface. Opening and closing 
the jaw may reveal pain, limitation or deviation with 
mandibular injuries. 

Initial management of facial fractures is directed cowards 
maintenance of the patient's airway. In mandibular body 
fractures or maxillary fractures, this may require emergency 
manual reduction. Associated head and cervical spine injuries 
should be excluded. The oral cavity requires inspection for 
bleeding or dental damage. CT scans have supplanted plain 
radiographs as the imaging modality of choice. 

Figure 22.13 A squash ball fits precisely into the eye socket 

Orbital fracture with and without globe 
trauma 
'Blow-out' fracture of the orbit results from direct 
trauma such as a fist, cricket ball, baseball17 or squash 
ball (Fig. 22.13). Compression of the globe and orbital 
contents produces a fracture in the weakest part of the 
orbit, the orbital floor. Contents of the orbit may herniate 
through the defect. The patient typically presents with a 
periorbital haematoma, protruding or sunken eye, double 
vision on upward gaze and numbness of the cheek. 
Double vision on upward gaze is due co the entrapment 
of the inferior rectus muscle in the fracture. 

A detailed examination of the eye must be performed 
co exclude intraocular injuries such as hyphaema, lens 
dislocation or ruptured globe. If an orbital fracture 
is suspected, a birds-eye plain radiograph should be 
performed. The radiograph may not show the fracture, but 
may demonstrate some clouding of the maxillary sinus. 
CT examination is used co confirm the fracture. Children 
require early surgery and as such should be investigated 
with high clinical suspicion. 

Antibiotic therapy should be commenced immediately 
and the patient referred co an ophthalmologist. Surgery 
may be required to release the trapped muscle and repair 
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Figure 22.14 CT scan confirming a fractured zygomatic 

arch; plain radiography did not detect the fracture 

the bony defect. Athletes who undergo surgery should 
be warned not to blow their nose, due to the risk of 
displacing the fracture and further haemorrhage. 

Fractures of the zygomaticomaxillary 
complex 
Zygomaticomaxillary complex fractures (Fig. 22.14) occur 
from a direct blow to the cheek such as from a fist, hockey 
stick or baseball. Signs include swelling and bruising, 
flatness ofthe cheek and mandibular function disturbance. 
If associated with an orbital fracture, there may be 
concomitant diplopia, limitation of ocular movement 
and asymmetry of the eyes, as well as numbness of the 
affected cheek, nose, upper lips and upper teeth. 

Surgical treatment consists of closed or open reduction 
under general anaesthesia. Unstable fractures require 

Typel Type II 

Figure 22.15 Le Fort I, II and Ill fractures 
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fixation. Associated orbital fractures are treated by open 
reduction and reconstruction of the orbital floor. 

Maxillary fractures 
Maxillary fractures usually result from a direct high
velocity crushing blow to the middle portion of the 
face, and are extremely rare in sports other than motor 
sports. They are classified as Le Fort I, II and III fractures 
(Fig. 22.15) depending on whether the nasal or cheek 
bones are involved. Le Fort I fractures result in the 
separation of the maxilla from the nasal-septa! structures 
and the pterygoid plates. Clinically, Le Fort I fractures are 
identified when the entire maxilla moves as a separate 
unit. Le Fort II fractures separate the maxilla and the 
nasal complex from the orbital-zygomatic structures. On 
clinical examination the maxilla and nose move together 
as one unit. Le Fort III fractures separate the maxillary, 
zygomatic, nasal and orbital structures from the cranial 
base (Fig. 22.16). 18 

Maxillary fractures are often accompanied by cranial 
damage, obstruction of the nasal airway, oedema of the 
soft palate, haemorrhage into the sinuses and disturbance 
of the contents of the orbit. CSF rhinorrhoea may occur, 
indicating fracture of the cribriform plate. Reduced 
sensation in the infraorbital region is common. 

Examination findings include lengthening of the face, 
midface mobility, malocclusion of the bite and periorbital 
bruising. Initial treatment is aimed at protecting the 
airway- the conscious patient should sit leaning forward. 
This should be followed by rapid transfer for definitive 
diagnosis and treatment. Surgical treatment involves 
reduction and fixation with plates and screws. 

Mandibular fractures 
Fracture of the mandible is one of the most common 
facial fractures in sport and usually results from a direct 
blow. The most common fracture sites are the mandibular 
angle and the condyle. The mandible usually breaks in 
more than one place as a result of the trauma and these 
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Figure 22.16 CT scan of Le Fort Ill fracture (arrow) 

fractures usually occur on opposite sides of the midline. 
Fractures may be undisplaced or displaced. 

Undisplaced fractures 
Minor mandibular fractures are painful, tender and 
swollen. These are managed conservatively with analgesia 
and rest. The patient should eat soft food only for up to 
4 weeks as symptoms resolve. 

Displaced mandibular fractures 
Displaced mandibular fractures are severe mJuries that 
result from considerable force. Alveolar (tooth-bearing) 
fractures are the most common type. These fractures 
range from single tooth fractures or avulsions to complete 
segment mobility. The clinical diagnosis is obvious when 
two or more teeth move as a unit. 

Inspection may reveal malalignment of teeth and bruising 
to the floor of the mouth. Palpation reveals malocclusion, 
tenderness and defects along the lower border of the 
mandible. Paraesthesia or anaesthesia of the lower lip and 
chin suggest damage to the inferior alveolar nerve. 

Initial treatment includes maintenance of the airway 
in a forward sitting position with the patient's hands 
supporting the lower jaw. A jaw bandage can be used 
in comminuted or badly displaced fractures, although 
this is generally not used due to the increased associated 
risk of compromising the airway by causing backward 
displacement of the mandible. A cervical collar can be 
used as an alternative. A concussed or unconscious patient 
should be placed in a lateral position with head tilt and jaw 

support after the mouth has been cleared of any dislodged 
teeth or tooth fragments. Occasionally, the tongue may 
need to be held forward to maintain an open airway. 

Most displaced mandibular fractures require closed 
reduction and intermaxillary fixation for 4-6 weeks. If 
adequate closed reduction cannot be achieved, then open 
reduction and internal fixation is required. A fracture 
of one condyle usually does not require immobilisation 
except to control pain. Active jaw exercises should be 
commenced as soon as pain permits. 

During the period of intermaxillary fixation, the athlete 
may perform mild exercises such as stationary bike riding 
and light weightlifting. Resumption of contact sport 
should be delayed until at least 1-2 months after the 
jaws are unwired. Earlier resumption is possible when 
internal fixation has been used. The use of a protective 
polycarbonate facial shield may offer some protection if 
early return to play is contemplated. 

Patients with mandibular fractures who are eating soft 
food or have their jaws wired can be referred to a dietitian 
for advice on suitable liquid meals and foods suitable for 
vitamising. 

Temporomandibular injuries 
Blows to the mandible can produce a variety of 
temporomandibular joint (TMJ) injuries. Trauma to the 
jaw while the mouth is open occasionally produces TM) 
dislocation. Other injuries include haemarthrosis, meniscal 
displacement and intracapsular fracture of the head of the 
condyle. 

Examination of the injured TM) may reveal limitation 
of opening, pain and malocclusion. Dislocation of the TM) 
causes inability to close the mouth. A dislocated TM) 
may be reduced by placing both thumbs along the line of 
the lower teeth as far posteriorly as possible and applying 
downward and backward pressure. Longstanding 
dislocations may require general anaesthesia for 
reduction. Management of TM) dislocation includes rest 
with limitation of mouth opening for up to 7- 10 days, 
a soft diet and analgesics such as aspirin. Contact sport 
should be avoided for up to 2 weeks depending on the 
symptoms. Boxers should not attempt sparring for at 
least 6 weeks. 

Chronic temporomandibular pain 
Chronic TM) problems are sometimes referred to as 
'temporomandibular joint dysfunction' or 'myofascial pain 
dysfunction syndrome'. This syndrome appears to affect 
males more than females with a peak incidence in the 
early twenties. Patients complain of pain, limitation of 
movement, clicking and locking of the TM). Treatment 
should include assessment by a dentist to exclude any 
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malocclusion problem. Physiotherapy evaluation with 
a view to manual therapy and exercise therapy can be 
invaluable. 

PREVENTION OF FACIAL INJURIES 
Protective equipment has been designed for sports where 
facial injury is a risk (Chapter 9). Properly designed 
helmets have reduced the incidence of faciomaxillary 
injuries. Helmets are designed for a single impact or 
multiple impacts, and should be individually fitted for 
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each athlete. Single-impact helmets such as most pushbike 
and motorbike helmets must be discarded after the user 
has had a fall. 

Facial protective equipment is constantly developing, 
with items such as face shields, cages and eyeglasses often 
used in high-risk sports such as ice-hockey and baseball. 
Such equipment may also be a useful adjunct to minimise 
any re-injury risk in the return-to-play process. The 
legality of the equipment should always be checked with 
the sport's governing body. 



Chapter 23 

Neck pain 

by GWENDOLEN JULL and DEBORAH FALLA 

Jc makes your arm very hoe, heavy and difficulr ro move. Scingers don'c rend co lase coo long: 
you gee pins and needles down your arm as rhe heaviness goes away. Somerimes ir's 

10 seconds, somerimes maybe a minure. 
England Rugby star Jonny Wilkinson, who required neck surgery afte r recurrent injuries 

This chapter focuses on the assessment and management 
of non-catastrophic painful neck conditions in the athlete. 
While there is much attention on prevention and acute 
management of catastrophic neck injuries, these injuries 
occur predominantly, but not exclusively, in contact 
sports. 1• 2 Yet, many athletes suffer from debilitating non
traumatic neck pain that can affect both their participation 
in sport and their quality of life. Such conditions range 
across a spectrum from acute muscle injury to chronic 
repetitive strains to cervical degenerative joint disease_3-5 

ANATOMICAL CONSIDERATIONS 
It is usually not possible to make a definitive patho
anatomical diagnosis in most neck pain conditions. 
Lesions can be identified on imaging with injuries such as 
cervical fractures or dislocations, or disc disruption (linked 
with symptoms of a radiculopathy), as can anatomical 
abnormalities which may predispose the athlete to 
neck pain or injury.6 However, for the majority of neck 
pain presentations in both the athletic and the general 
population, radiological imaging is unable to identify the 
pathoanatomical pain source with any certainty. As a 
result, the majority of disorders are generically classified as 
non-specific or mechanical neck pain. Despite having one 
label, the presentation of neck pain conditions is highly 
variable. Thus, the clinical examination assumes primary 
importance in identifying the symptom sources and any 
sensory, neuromuscular and sensorimotor abnormalities 
associated with the individual athlete's neck pain. The 
clinical examination relies on a foundation of anatomical 
knowledge. 

The cervical spine is designed for movement, in 
contrast to the lumbar spine that is designed to carry load. 
As the most mobile region of the spine, its movements 
ensure a wide visual field. The functional cervical spine 
extends from the atlanto-occipital (C0- 1) segment to the 
upper thoracic region (approximately T3-4 segment). 

There are many key features to note when performing 
a clinical evaluation. Movement occurs independently and 
interdependently between the cranio-cervical, cervical 
and cervicothoracic regions. The atlanto-axial (C 1-2) 
segment contributes about half the total rotation of the 
cervical region and this head movement can be performed 
relatively independently. Most of the remaining rotation 
occurs at the cervical segments (C2-7), but the head will 
not rotate to its full excursion unless the upper thoracic 
region provides the necessary 10° of this movement? 
From a postural perspective, there is interdependence 
of the lumbar, thoracic and cervical spinal curves.8 

Evaluation must be both local and regional. 
The neck muscles have many diverse roles given the 

broad functional requirements of the cervical region. For 
example, an ice hockey player needs fast movements to 
locate an opponent or puck, a target shooter requires 
fine movement adjustments for clear vision and head 
alignment, and a soccer player requires good stability of 
the neck to head a ball. To perform these tasks there must 
be fine muscle coordination for movement and adequate 
kinaesthetic awareness, as well as muscle strength. 

There are 44 muscles in the neck, topographically 
arranged to provide these functional requirements 
(Fig. 23.1). Some act exclusively over the cranio-cervical 
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Figure 23.1 Anatomy of the neck (a) Anatomy of the anterior neck-superficial musculature (b) Anatomy of the anterior 

neck-deep musculature (c) Anatomy of the posterior neck-deep and superficial musculature 
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sternocleidomasto splenius capitis 

(d) 

Figure 23.1 (cont.) (d) Anatomy of the posterior neck and 

scapulothoracic region 

region (e.g. suboccipital muscles), others act mainly on 
the cervical region (e.g. semispinalis cervicis), and still 
others span the cranio-cervical and cervical regions with 
attachments from the upper thoracic region (e.g. splenius 
capitis). The mobile structural design of the cervical 
spine also relies on the vital role of the muscle system to 
provide stability.9 For stability, there is some functional 
specificity between the layers of both the neck flexor and 
the extensor muscles. 

Broadly, the superficial muscles have larger lever arms 
and cross-sectional areas with a greater capacity to exert 
torque than the deep muscles. 10 In contrast, the deeper 
muscles are more segmentally arranged with segment-to
segment attachments, larger spindle densities and muscle 
fibre compositions that enable them to guide and support 
the cervical motion segments. 11 

Coordination between the deep and superficial muscles 
is required for normal neck function as the deep muscles 
cannot support the load of the head and the superficial 
muscles are not placed to support the cervical segments.12 

The cervical region also provides a point of attachment for 
muscles of the shoulder girdle (Fig. 23. ld) and must bear 
the load and absorb the forces induced on the cervical 
segments during upper limb function. 13• 14 

All structures of the cervical region are innervated 
and thus any could be a source of nociception. These 

may include the zygapophysial JOmts, discs, ligaments, 
muscles and nerves. Pain may be perceived in the neck, 
upper thoracic region, upper limb or head (cervicogenic 
headache). Various studies have mapped pain areas when 
discs or zygapophysial joints have been stimulated. 15• 16 

The overlap between pain patterns of both the 
zygapophysial joints and discs challenges the ability to 
make a structural diagnosis from pain distribution alone. 
Furthermore, the pain distribution from symptomatic 
joints is more extensive than that of experimentally 
stimulated asymptomatic joints. 17 Importantly, the 
suboccipital and deep cervical muscles in the neck region 
(multifidus and longus colli) have the highest density 
of muscle spindles of all muscles in the body.11· 18• 19 

There are reflex connections between the neck and the 
vestibular and ocular systems (for review, see Roijezon 
and Treleaven).20 Thus, when cervical afferentation is 
altered, these interconnections can underlie symptoms 
of unsteadiness, light-headedness or visual disturbances 
when associated with neck pain. 

CLINICAL PERSPECTIVE 
Neck pain is considered within a biopsychosocial 
framework that embraces biological, psychological 
(e.g. anxiety, fear) and social (e.g. sports or training 
requirements) features and their interactions that 
may contribute to the athlete's disorder and recovery 
(Fig. 23.2). Neck pain can be a recurrent condition with 
repeated episodes over a lifetime, with variable degrees of 
recovery between bouts.21 · 22 

The Global Burden of Disease 2010 study ranked the 
burden of neck pain as the 4th highest in terms of years 
lived with disability and ranked it 21st of 291 conditions 
in terms of overall burden.23 The lifetime impact of neck 
conditions should not be underestimated in planning 
rehabilitation programs for athletes. The challenge is 
not only to resolve an acute episode of pain to meet an 
immediate goal of return to sport, but to also prevent or 
limit recurrence for future quality of life. 

Effective management of individuals with neck pain 
is based on good communication, a thorough history 
and physical examination, and sound clinical reasoning 
in a patient-centred approach (Fig. 23.3). The clinician 
carefully elicits information from the athlete and 
interprets it on several levels for the purposes of: ensuring 
patient safety (red flag conditions); making a provisional 
pathoanatomical diagnosis; making a definitive physical 
diagnosis in terms of pain mechanisms, movement, 
neuromuscular and sensorimotor impairments to inform 
a treatment plan; identifying social (sport) factors which 
might be driving or causing the disorder; identifying 
psychological features (e.g. fear of movement, anxiety) 
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Figure 23.2 The biopsychosocial model for neck pain in 

sport. The biological. psychological and social components 

are artificially equally weighted in this diagram. The 

relationship is fluid. Weighting of biological. psychological 

and social features differ within and among domains, 

and within and between individuals. They also change 

at various time points within the course of an athlete's 

recovery 

that might moderate recovery; and identifying possible 
prognostic indicators.24• 25 There is more certainty in 
decision making when the assessment reveals a clinical 
pattern that aligns with current knowledge of painful 
cervical conditions. This pattern should reflect the 
relationships within and between biological, psychological 
and social features. 

History 
There are four key areas of information to elucidate when 
taking an athlete's history. First, establish the athlete's 
sport and understand its requirements and implications 
for loads and strains on the neck region. Second, ascertain 
whether this is an initial onset or a recurrent neck 
pain condition. Third, determine the duration of neck 
symptoms in this current presentation (i.e. whether acute, 
subacute or longstanding in nature). Fourth, clarify how 
the neck condition began: whether symptoms arose 
from trauma, either direct or indirect forces (and their 
direction), or was insidious; and whether the onset was 
rapid or gradual in nature. 

Identifying red flags is a vital aspect in managing 
athletes with cervical conditions, and the history often 
raises first suspicions. Except for catastrophic trauma, 
there are fortunately relatively few serious or life
threatening conditions that present as acute neck pain. 
Nevertheless, there are two conditions in particular that 
require clinicians' vigilance in younger to middle-aged 
athletes: cervical arterial dissection (CAD) and cranio
cervical ligament injury (Table 23.1). CAD can initially be 
misdiagnosed as a cervical musculoskeletal disorder, and 
the history and presentation are central to recognition of 
the condition. Immediate referral for medical investigation 
and management is essential if suspicions are raised.26• 27 

It is unknown how frequently the alar or transverse 
ligaments are non-catastrophically injured. Magnetic 
resonance imaging (MRI) studies have found no convincing 
evidence of alar or transverse ligament involvement in the 
common motor vehicle collision and resultant 'whiplash' 
injury.28• 29 Immediate referral for medical investigation 
and management is essential if suspicions are raised. 

In more benign cervical conditions, a detailed history 
can provide valuable information on adverse repetitive 

Identify psychological features 

Provisional pathoanatomical diagnosis 

Definitive physical diagnosis: pain mechanisms, 
movement, neuromuscular, sensorimotor 

Identify possible prognostic indicators 

Figure 23.3 Decisions made from effective assessments will inform safe, individualised and effective management plans 
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Table 23.1 Red flags in acute neck pain presentations 

Cervical arterial dissection • Acute onset 'unusua l' neck pa in or headache, increasing in severity over hours or days 

• Neurologica l or ischaemic signs 

• Recent infection or minor trauma 

Cranio-cervica l ligament injury • Head or neck trauma 

• Acute neck pa in w ith perioral paraesthesia, t innitus, ' lump in the throat' or nausea 

movements or prolonged abnormal postures relating co 
the athlete's sport or training which may be underlying 
the condition. If the neck pain is recurrent, determine the 
original time and nature of the onset and the pattern of 
recurrence, and track the progression of the condition. 

Symptoms and their behaviour 
Clinicians should obtain information about the area, nature 
and intensity of pain. The area of pain will give some idea 
of the likely segmental level that is the source of the pain. 
Nociception from the C0-4 segments is usually perceived 
in the upper cervical and possibly the head region, C4-5 
in the mid to lower neck, and CS-7 in the lower neck, 
upper thoracic region and shoulder/arm. Identification of 
a particular zygapophysial or disc disorder by area of pain 
is not possible due to overlap of their referral patterns.15- 17 

If the athlete pinpoints the pain more posterolaterally, 
there is an increased possibility that a zygapophysial 
joint is the source of pain, as these joints are relatively 
superficial. Pain from irritation of nerve structures can 
refer into the back of the head (upper cervical nerves) or 
down into the shoulder and arm (C4-T2), often in a fairly 
typical dermacomal pattern. 

The nature and intensity of the pain can give some 
indication of pain mechanisms. As a very basic statement, 
neck pain may reflect a peripheral nociceptive source (e.g. 
from the joints, ligaments, muscles). When there is an 
injury or irritation of nerves, it is termed a neuropathic 
pain. The former is the more common in neck pain 
conditions and often manifests as an ache or catching 
pain of mild co moderate intensity. A neuropathic pain 
is usually a more severe, well-delineated pain that may 
have lancinating and burning qualities (e.g. a 'stinger' 
or 'burner' caused by traction co the brachia! plexus 
during a tackle in rugby). Pain from either source may 
be associated with peripheral or central nervous system 
sensitisation. In instances of neuropathic pain, the 
clinician should question the patient regarding more 
widespread sensitivity co couch or sensitivity co cold.30· 3 1 

Pain neuroscience has advanced remarkably over the past 
decades. Chapters 5 and 6 provide a more comprehensive 
overview of pain physiology. 

The presence of other symptoms should be investigated. 
If the athlete has a 'stinger' or a cervical radiculopathy, there 
may be paraesthesia or anaesthesia in the upper limb and 
feelings of weakness. Other symptoms such as unsteadiness, 
light-headedness or visual disturbances may accompany 
neck pain as manifestations of cervical sensorimotor 
disturbances. These symptoms may also be associated with 
concussion, a vestibular disorder or, more often in the older 
patient, a vascular disorder. Thus their temporal relationship 
with neck pain and movement should be explored. If the 
athlete reports headache in association with neck pain, 
additional information is necessary to determine whether 
it is cervicogenic in nature or if it is a primary headache, 
such as migraine or tension-type headache. Cervicogenic 
headaches are typically unilateral, side-consistent headaches, 
associated with neck pain, and pain usually begins in 
the neck, later developing into a headache.32 Refer to 
Chapter 21 for a fuller discussion on headache. 

Understanding the behaviour of symptoms as well as 
which activities, postures or movements provoke and 
ease symptoms, and how they respond to rest/sleep, 
can confirm the mechanical nature of the condition and 
inform the clinician on the possible pain source. If local 
neck movements are the main aggravacor of symptoms, 
the pain source may be a segmental joint dysfunction. If 
lifting is the primary aggravating activity, then how the 
axioscapular muscles are transferring the loads co the 
cervical segments should be examined. If the cocking 
phase of throwing is the main aggravacor, then any link 
with mechanosensitivity in the upper quadrant nervous 
system should be investigated. The reported aggravating 
activities and positions should be confirmed in the physical 
examination, as they can direct treatment and guide 
re-education of appropriate postures and movements/ 
skills pertaining co the athlete's sport or work. 

Irritability of the pain and condition is also evaluated 
(i.e. how easily the pain is aggravated and how long it 
takes an acute exacerbation co settle). Sleep disturbance 
is also an important indicator of pain severity. High pain 
intensity, irritability and acuteness of the condition will 
limit the extent of the physical examination and the 
intensity of early treatment. 
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Psychological features 
Psychological reactions to pain such as anxiety and fear 
of re-injury are normal responses.33 It is important for the 
clinician to listen to how the athlete describes his or her 
pain, how he or she is dealing with it and how it has 
affected his or her training or sports participation to gain 
an impression of whether the athlete seems to be unduly 
anxious or is expressing any fear of movement or activity 
because of the neck condition. This informs the nature and 
extent of the assurance and education required in their 
management. Mild depression could be expected if the 
neck injury has prevented the athlete from competing in 
his or her sport; however, moderate or marked depression 
is a psychopathology requiring expert assessment and care. 
The clinician can also gain an impression of the athlete's 
pain-coping strategies (e.g. high reliance on medication 
or passive treatment modalities versus continuing with 
activities and actively coping with the pain). 

Social/sport factors 
It is vital for the clinician to explore and understand the 
requirements of the athlete's sport, training regimens 
and occupational activities, and their relationship to the 
neck pain. A formal analysis of provocative activities is 
mandatory (e.g. analysis of a tennis serve which aggravates/ 
causes neck pain, analysis of the heading skill in football, 
analysis of cycling and bike fit, or analysis of weight
training regimens). It is also important to assess the effects 

of correcting the skill on the athlete's immediate neck 
pain, to provide some proof of the relationship between 
the action and pain. This is convincing evidence for the 
athlete on the need to modify the skill. If the 'driver' of 
the pain can be removed, this increases the chances of 
preventing neck pain recurrences. However, the nature 
of certain sports makes it difficult to remove the "driver'. 
For example, modifications of spinal postures and head 
positions may be limited in road cycling. It will be 
important to determine tissue tolerance to these postures 
and develop a program that relieves the strain on these 
structures before this threshold for pain is reached. This 
analysis of the symptom-provoking aspects of the sport 
is crucial for any long-term solutions for the athlete's 
neck pain. 

Patient-reported outcome measures 
There are numerous patient-reported outcome measures 
(PROMs) recommended for the assessment of neck pain. 
Three common measures are the Numeric Pain Rating 
Scale (NPRS),34 the Neck Disability Index (NDl)35 and 
the Patient Specific Functional Scale (PSFS).36 They 
are described in detail in Table 23.2. PROMs allow the 
clinician to understand the pain and disability level of the 
athlete in relation to all individuals with neck pain (NPRS 
and ND!), as well as to understand the specific functional 
concerns of the individual (PSFS). PROMs are essential to 
evaluate the course of recovery throughout treatment. 

Table 23.2 Patient-reported outcome measures (PROMs) in neck pain 

Numeric Pain Rating 

Scale 

Neck Disability 

Index 

Patient Specific 

Functional Scale 

. -
Quantifies self-reported pain levels and 

measures pa in changes over time. Athletes 

rate their pain on a scale from 0 and 1 0; 

0='no pain'; 1 0='the worst pain 

imaginable' 

Ten items on functional abilities and 

symptoms. Each item has a 5-point scale 

and the score is summed and converted to a 

percentage 

Athletes nominate at least 3 activities where 

they are experiencing difficulty as a result of 

their condition. For each activity, they rate 

their ability to perform it, w ith 0='completely 

unable' and 1 0='able to complete the task at 

full, pre-injury level ' 

MCID: The smallest difference that patients perceive as beneficial 

1.3 points39 

9.5 points ( 19%)39 

2.0 points41 

MDC: The amount of change that must be observed before the change can be considered to exceed the 

measurement error 
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3 points40 

10.2 points (20%)41 

2.1 points41 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































	
	



