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Foreword to the first edition (1993)

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 impor-
tance. 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 fit, or older people
wishing to sustain a higher level of activity in their later years.

In Clinical Sports Medicine the authors take 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 organized 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 traveling 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.

Joun R Sutton MD, FRACP

Professor of Medicine, Exercise Physiology and Sports Medicine
Faculty of Health Sciences

University of Sydney

Past President, American College of Sports Medicine

This foreword was written by the late Professor John Sutton before his untimely death in 1996; it is retained in this
textbook out of profound respect for this champion of the integration of science, physical activity promotion, and multi-

disciplinary patient care.



Foreword to the fourth edition

Humans were not designed to sit at desks all day and in front of televisions all evening, and this physical
inactivity is related to a host of health-related issues. Increasing physical activity is one very powerful way to
mitigate many of the health issues we face today, and programs such as the Healthy People 2020 initiative and
the Exercise is Medicine campaign encourage individuals to remain active throughout their lifetime.

As people become more involved in sport and exercise, sports medicine becomes increasingly important,
and Clinical Sports Medicine has understandably become what we in the US refer to as the “PDR” (Physicians’
Desk Reference) of sports medicine. For my UK colleagues the translation is “BNF” (British National Formu-
lary). This text is extremely comprehensive, covering fundamental principles of biomechanics, diagnosis and
treatment, regional musculoskeletal injuries, and medical problems. The text also addresses those practical
issues of sports medicine that are often missing from other texts, such as dealing with athletic teams, covering
endurance events, and working with the elite athlete.

The organization of the text makes it remarkably easy to use, including such features as color-coded book
sections, flow diagrams to reinforce concepts, and tables that clearly organize information. Vicky Earle’s
anatomical drawings are truly among the best in the business. All these features put an astounding wealth
of information at the reader’s fingertips. This information has been assembled by a group of over 100 expe-
rienced and world-class physical therapists, physicians, and scientists. These co-authors provide up-to-date
references when available, and clearly state when evidence is lacking.

This updated, fourth edition includes 200 new photos/graphics and 13 new chapters on current topics,
including Integrating evidence into clinical practice, Principles of activity promotion, and Medical emergen-
cies in sport. The editors continue to add to the clinically relevant topics with one of my favorites being what
I call “How to manage the patient who has seen everyone and wants a cure from you!” (Chapter 41).

An innovative and exciting addition to this edition is the integration of the Clinical Sports Medicine master-
classes that allow you, through videos and podcasts on the Clinical Sports Medicine website, to learn directly
from the experts. These masterclasses will be continually updated and they provide a remarkably dynamic
component to the text.

It is exciting to watch Clinical Sports Medicine evolve substantially with each edition. The editors’ focus of
this text is to “help clinicians help patients” and they have clearly hit their mark. This book is an absolute must-

have for any sports medicine professional.

Professor Irene Davis, PT, PhD, FACSM, FAPTA, FASB
Director, Spaulding National Running Center

Department of Physical Medicine and Rehabilitation
Harvard Medical School

Spaulding-Cambridge Outpatient Center

Cambridge, MA, USA

Vi
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Preface

“Helping clinicians help patients” has been the clear focus of Clinical Sports Medicine from its inception.

This fourth edition (CSM4) builds unashamedly on its 20-year history. Twenty-year history? The more than

100 contributing authors average 15 years of practical experience each, so you are holding well over 1500 years

of distilled clinical wisdom in your hand!

If you will permit us some level 5 evidence (expert opinion—see all-new Chapter 3), CSM4 provides clini-
cians in sports and exercise medicine and physiotherapy/physical therapy at least five major benefits:

e The wholehearted commitment from leading clinical faculty from all over the English-speaking world
means that CSM4 provides the reader with an authoritative text—you can trust these authors.

e At 1270 pages and 67 chapters, CSM4 already carries 25% more pages than the best-selling third edition.
Our ruthless editing to focus on clinical relevance means this edition contains 40% new material. CSM4
provides a comprehensive base for your clinical library. We provide some specific examples below.

e With more than 1000 color images (photos and graphics), the book paints a million words (1000 pictures
each painting 1000 words!) over and above its 1270 pages! More than 200 of those images are new to this
edition—customized for CSM4’s learners—further extending the booK's clarity and usability.

e Every copy of CSM4 comes with a code that gives you online access to more than four hours of assess-
ment and treatment video and audio material. Called Clinical Sports Medicine masterclasses, this material
is integrated with the text and will be free of charge to book owners for 12 months from registration at
www.clinicalsportsmedicine.com. You have “the expert in the room.”

e Reflecting the expanding evidence base for our field, we include an introduction to evidence-based practice
(Chapter 3). All authors aimed to incorporate the best available level of evidence via text, tables, and current
references. The online content of CSM4 will benefit from regular updates, adding further to the usefulness
of this text for busy clinicians.

In short, CSM4 provides excellent value as an authoritative clinical foundation for physiotherapists, medical

practitioners, osteopaths, massage therapists, podiatrists, sports/athletic trainers, sports therapists, fitness

leaders, and nurses. It has also proven popular for students in sports physiotherapy, medicine, and human
movement studies/kinesiology.

Editors and authors

As the task of editing a book of this magnitude was beyond the two of us, the CSM4 reader now benefits from
the wisdom and productivity of seven sports and exercise medicine greats—Roald Bahr, Steven Blair, Jill Cook,
Kay Crossley, Jenny McConnell, Paul McCrory, and Timothy Noakes.

The quality of our chapter authors, representing more than 14 countries, grows with each edition. Among
our all-star cast, we are particularly grateful to Hakan Alfredson, Elizabeth Arendt, Carl Askling, Kim Bennell,
John Drezner, Richard Frobell, Per Holmich, Mark Hutchinson, Gwen Jull, Pekka Kannus, Ben Kibler,
Nicola Maffulli, Lorimer Moseley, George Murrell, Kevin Singer, and Willem van Mechelen.
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Preface

New chapters

The new chapters in this edition are:

Chapter 1 Sports and exercise medicine: addressing the world’s greatest public health problem

Chapter 3 Integrating evidence into clinical practice to make quality decisions

Chapter 4 Sports injuries: acute

Chapter 5 Sports injuries: overuse

Chapter 16 Principles of physical activity promotion for clinicians

Chapter 23 Wrist pain

Chapter 24 Hand and finger injuries

Chapter 28 Hip-related pain

Chapter 45 Military personnel

Chapter 47 Medical emergencies in the sporting context

Chapter 48 Sudden cardiac death in sport

Chapter 52 Renal symptoms during exercise

Chapter 54 Exercise to treat neurological diseases and improve mental health

A plethora of new, clinically relevant content

Here is just a sampler of new approaches to specific “hot topics” with a few of the contributing authors:

The all-new Chapter 28 Hip-related pain clarifies the concept of femoroacetabular impingement (FAI), its
diagnosis and management

The latest concussion guidelines based on the Zurich consensus meeting (with Paul McCrory)

A fully revamped discussion of neck pain (with Gwen Jull)

Further tips on management of tendinopathies (with Jill Cook, Hakan Alfredson, and Ben Kibler)
Discussion of whether ACL injuries should be managed operatively or conservatively (with Richard Frobell
and Liza Arendt)

A revolution in pain science and its implications for clinical practice (with Lorimer Moseley)

How to prevent hamstring problems from being a major burden—prevention and treatment strategies
(with Carl Askling and Anthony Schache)

A practical approach to leg pain, including compartment pressure testing (with Mark Hutchinson and a
demonstration on the masterclasses website)

How to manage the patient who has seen everyone—and now wants a miracle cure from you (with
Jim Macintyre)

Prevention of sudden cardiac death and a practical approach to sports cardiology (with Jon Drezner and
Sanjay Sharma)

Exercise in the heat as well as prevention of hyponatremia (with Tim Noakes)

Drugs—based on latest WADA guidelines

We could have made this list much longer but instead we use a toll-free part of the Clinical Sports Medicine

masterclasses website (www.clinicalsportsmedicine.com) to take you on a tour.

No single profession has all the answers required to treat the ill or injured sportsperson and to provide

exercise advice as needed. CSM4 was created by a champion team of co-authors and critical reviewers tre-

mendously committed to the vision of “Helping clinicians help patients.” We are confident that whatever your

training, Clinical Sports Medicine fourth 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. Enjoy this first hybrid print and digital Clinical Sports Medicine.
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Chapter 1

Sports and exercise medicine:

addressing the world's'greatest
public health problem

with JENNIFER DAVIS and STEVEN BLAIR

Exercise in the prevention of coronary heart disease: today’s best buy in public health.
Jeremy Morris, 1994

The three previous editions of Clinical Sports Medicine
focused on how to practice sports and exercise medi-
cine. This chapter takes us back one step to “why?”
Why practice sports and exercise medicine?

The burden of physical inactivity and
sedentary behavior

Where to start? Surf the web, read any magazine,
look around you as you walk down the street. The
problem of physical inactivity is not subtle, and this
chapter aims to provide a launching pad for the
sports clinician—a key agent in the war against phys-
ical inactivity.

The one trillion dollar argument

(US alone!)

The year 2000 seems like antiquity, but even then
physical inactivity cost the US $1 trillion annually.'
This information gained enormous exposure and the
fundamental data and methods that underpin those
calculations still apply. Methods to analyze economic
burden of disease have been refined,> updated, and
expanded to include many additional costs. Thus, the
costs of physical inactivity can only have increased in
the past decade (Table 1.1). Note that a week of physi-
cal inactivity is estimated to incur the same health
costs as a week of smoking.#

Physical fitness—more health benefits
than smoking cessation or weight loss
Havingidentified that physical inactivity is a problem,
we can look for a solution. How can the problem of
physical inactivity be addressed? Physical activity! It
is known that physical fitness provides more health

benefits than smoking cessation or losing weight.s
Numerous systematic reviews expound the many
health benefits of physical activity, but systemic
reviews are complex, predictable, and unemotional—
a perfect combination for boring the general public
and policy makers alike.

However, brief slogan-like (“sticky”’) messages
(see also Chapter 16 for more on “sticky messages”)
are useful in helping convince people that physi-
cal activity is a remarkable medical therapy. Some
include:

= For health, daily walking (30 minutes) is eight times
as powerful as losing weight.

« Physical activity provides twice the health benefits as
giving up smoking.*®

= Low fitness kills more Americans than does
‘smokadiabesity’—smoking, diabetes, and obesity
combined.”

These sticky messages reflect data from Steven
Blair’s epidemiological study at the Cooper Institute
in Texas (Fig. 1.1).5 Note that “attributable fraction”
refers to the proportion of deaths in the population
that are due to the specific risk factor. It differs from
“individual level” risk profiling.

The molecular mechanisms that explain
the health benefits of physical activity
Experimental and mechanistic data shows how
physical activity promotes health at the cellular and
subcellular level. Some examples of exercise-induced
health benefits at the molecular level that many
patients find interesting and that can help motivate
some are shown in the box opposite.



Table 1.1 Conditions precipitated by physical inactivity and resulting health care costs in the US

Unhealthy condition

Hypertriglyceridemia

Hypercholesterolemia

Hyperglycemia

Insulin resistance

Increased thrombosis

Increased resting blood pressure

Increased risk of myocardial ischemia

Increased incidence of lethal ventricular arrhythmias
Decreased cardiac stroke volume and maximal cardiac output

Sports and exercise medicine

Annual cost of condition in US$

286.5 billion

Obesity

238 billion

Type 2 diabetes

98 billion

Breast and colon cancer

107 billion for all cancers

Osteoporosis

6 billion

Sarcopenia 300 billion for all disabilities
Back pain 28 billion
Gallstone disease 5 billion

Decreased psychological wellbeing

(cost not known)

Total

1000 billion = 1 trillion

ADAPTED FROM BOOTH ET AL

This was published in 2000 so is likely to be an underestimate today.

18=
16=
14+
12=
10=
8=
6=
4=
2=
0=

Attributable fraction (%)

Figure 1.1 Attributable fractions (%) for all-
cause deaths in 40842 (3333 deaths) men and
12943 (491 deaths) women in the Aerobics Center
Longitudinal Study. The attributable fractions are
adjusted for age and each other item in the figure
BLAIR®

Examples of exercise-induced health benefits at the
molecular level

Preventing type 2 diabetes

Running on a treadmill stimulates key enzymes for
energy sensing/signaling, including an important one
called AMP kinase (AMPK). This protein helps remove
fatty acids during muscular contraction and limits

fatty acid biosynthesis. Exercise also enhances muscle
membrane glucose transport capacity by recruiting a
critical transport protein, GLUT-4, to the sarcolemma and
T tubules where the protein can be active. Increasing
the expression of GLUT-4 in skeletal muscle can be
considered a crucial way of “mopping” glucose out of the
bloodstream and into muscle and, hence, reducing the
demand for insulin.?

Brain function
1. Both resistance training and endurance (aerobic)
training can improve brain function. Convincingly,

continued
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continued
the improvement in brain function can be shown
using functional magnetic resonance imaging (fMRI)
(Fig.1.2).

2. Animal studies show that improvements in brain
function arise through improved blood flow and via
particular hormones, including insulin-like growth
factor 1 (IGF-1) and “brain derived neurotrophic
factors” (BDNF).

Figure 1.2 Sophisticated contemporary brain
imaging, including functional MRI and “connectivity
mapping (illustrated), demonstrates that brain
function improves with exercise training

"

Putting it all together—the economic
imperative

“Exercise—the best buy in public health” concluded
Jeremy Morris. A recent success story? Not at all!
That was the title of a 1994 paper!® The evidence has
piled up since then: personal, regional, and national
economic benefits accrue to those who are physi-
cally active.> ' But how can we encourage adoption
of this most powerful behavior—physical activity as
medicine!

Practical challenges

Physical activity was not a societal burden when sur-
vival depended on it. Because we have engineered
physical activity out of contemporary society, sedent-
ary behavior is an easier choice. Similarly, poverty

in various forms can make it very difficult for an
individual to be active. Although clinicians are an
important part of the team that promotes physical
activity, society will need to make a concerted effort
at various levels. This multilevel approach has been
codified as the socioecological model of behavior
change (Fig. 1.3)."

Consider the difference in likelihood of physical
activity for Roald in Norway and a nameless inhabit-
ant of a mythical urban wasteland. Roald’s govern-
ment provides tax benefits for healthy behavior and
he lives close to a large forest with attractive walking
paths. He can ride to work safely on a dedicated bike
lane. His community promotes free public cross-
country skiing by grooming and lighting the paths.
His friends consider skating to be a great social
activity. All levels of school-age children do at least
30 minutes of exercise each day as part of the school
curriculum. All five elements of the socioecologi-
cal model are working toward Roald and his family
having an active lifestyle.

The darkest hour is just before the dawn
This chapter is written in a spirit of optimism. The
human race has faced major challenges previously in
public health and this problem—physical inactivity—
is remediable. The remainder of this book is dedi-
cated to keeping people active by preventing and
treating musculoskeletal conditions in those who
want to be active and by prescribing therapeutic exer-
cise for those who have medical conditions.™

Figure 1.3 Socioecological model of physical activity
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Chapter 3

Integrating evidence into

clinical practice to make
quality decisions

with CATHERINE SHERRINGTON

Randomized trials are for clinicians who are uncertain as to whether they are right or not—

and I am certain I am right.

This chapter opens with an exercise we use to
introduce the concept of evidence-based practice to
final-year students in human movement sciences/
kinesiology (i.e. non-clinicians). If you are an experi-
enced clinician or an expert on evidence-based prac-
tice you may want to skip over this chapter!

The “case” for the students to consider involves
Mrs ], a 55-year-old woman. Students are told she
presents with persistent knee pain due to osteo-

Sir Ian Chalmers, quoting an unnamed orthopedic surgeon

arthritis. The students are given the information in
the box (below) and are asked to suggest a treatment
for Mrs J.

In our student exercise we call for a vote and
every year the first ballot results in option 1 (surgery)
receiving about 80% of the votes! We then lead an
open-class discussion and emphasize that the quality
of the data should carry more weight than the clinical
training of the person providing the advice. Students

Which evidence carries most weight?

You are asked to advise Mrs J, a 55-year-old woman
with knee osteoarthritis, as to whether or not knee
arthroscopy is a good idea. You have your own per-
sonal opinion, and you obtain the following four
pieces of further information. Which of the four
options carries the most weight with you? Would you
advise that surgery is a good idea?

1. Dr X, an expert knee surgeon, advises in favor of
surgery because “l have done hundreds of these
operations and obtained good or excellent results
in over 90% of them.” The surgeon offers you and
your friend the phone numbers of patients who
can provide testimonials. You call a few of these
patients and they all vouch for surgery.

2. A published study of cases done by another
surgeon, DrY, shows that 75% of patients who have
had this type of surgery reported improvements.
Overall 75% of patients had an “excellent or good”
outcome. Patients were recruited and interviewed
two years after the surgery.

3. A published study examined patients who had
presented with knee pain to a specialist in oste-
oarthritis two years earlier. One group of patients
had undergone arthroscopic surgery, the other
had not. Patients who had undergone surgery
reported playing more golf and tennis than those
who had not undergone arthroscopic surgery. The
paper concluded that surgery was associated
with superior outcomes compared to conserva-
tive management.

4. A physiotherapy student obtained ethics approval
to attend doctors’ offices and recruit patients with
knee osteoarthritis. The surgeon decided to allo-
cate patients randomly to either “surgery” or “no
surgery.” Two years later, the student interviewed
the patients again and found that both groups of
patients (those who had had surgery and those
who had not) had similar levels of pain and function.
Both groups had pain scores of around 50 out of
100 where 100 is severe pain.

11
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review the options and many begin to see the limita-
tions of options 1, 2, and 3. The evidence in option 4
is designed to mimic an important randomized trial
that addressed this question.’ (We deliberately avoid
the word “randomized” as students are sensitized to
this being important, even before they really under-
stand study design.)

The aim of this introduction to the course is for
students to link quality of evidence and decision
making. This sounds axiomatic, but our experience
over many years reinforces that at first students fail
to distinguish “evidence” from “eminence.” Students
find this practical exercise much more meaning-
ful than a soporific lecture on “research methods.”
Students are then primed to engage with the lit-
erature with a view to making “quality decisions”
together with patients.

Life before evidence-based practice
Clinicians trained after the year 2000 might be sur-
prised that the term “evidence-based medicine” first
appeared in 1991.% Professor Paul McCrory describes
that dark period before as a time of “eminence-based
practice” but he jests. Nevertheless, a certain amount
of clinical training relied on wisdom passing down
from mentor to mentor. When clinical trials were
few, the opinionated veteran was king. This is under-
standable in an emerging field.

Sackett and the McMaster contribution
Dr David Sackett and colleagues from McMaster
University’s described a pedagogical approach to
evidence-based practice (Fig. 3.1). This type of health
care reflects “the conscientious, explicit and judicious
use of current best evidence in making decisions
about the care of individual patients. Evidence-
based practice integrates individual clinical expertise
with the Dbest available clinical evidence from sys-
tematic research.” Since the mid 199os, evidence-
based practice has been facilitated by the Cochrane
Collaboration (www.cochrane.org), which conducts
and publishes high-quality systematic reviews of ran-
domized trials of effects of interventions to address a
wide range of health problems.

Applying Sackett's approach to the case of Mrs |
(boxed item p. 11), we note that many patients with that
clinical presentation have been encouraged to have
immediate arthroscopy, based on “expert opinion.”
They have not been provided with the full range of
options that have been evaluated in research. Armed
with the information that is freely available through
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‘Evidence-based practice’is the integration of
best research evidence with clinical expertise
and patient values—Dave Sackett

Best
research
evidence

Clinical
expertise

Figure 3.1 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

PubMed, the “best evidence” is that a well-conducted
randomized controlled trial (RCT), systematic review,
or meta-analysis (Fig. 3.2) suggests that arthroscopy
is no better than placebo. The pieces of evidence pro-
vided in options 1 to 3 in the boxed item on page 11
represent a much lower level of evidence—data with
much greater potential for bias and, hence, poten-
tially flawed conclusions. However, “evidence” is not
synonymous with randomized trials alone. If there is
a question about clinical prognosis, or patient expe-
riences, the best evidence comes from other study
designs.® (See also Recommended reading.)
Different study designs provide different quality
evidence (Fig. 3.2). The levels in this figure map

Case-controlled studies
Case series/reports

Figure 3.2 Hierarchy of study designs



closely, but not perfectly, to the Oxford “levels of evid-
ence” shown in Table 3.1. We use the Oxford levels of
evidence in this book.

Table 3.1 Levels of evidence

Level of evidence Study design

Level 1 Systematic review of homogenous
RCTs, individual RCT with narrow
confidence interval

Level 2 Individual cohort study or low-
quality RCT

Level 3 Individual case-control studies,
non-consecutive cohort study

Level 4 Case series

Level 5 Expert opinion

This seems obvious—so what is the
problem?

Evidence-based practice has intrinsic appeal; however,
execution is the challenge. There are not enough
individual RCTs, let alone systematic reviews or
meta-analyses, to provide a body of evidence for every
clinical encounter. For example, your patient might
be an elite athlete who earns over US $150 000 per
week; however, unfortunately, the relevant RCT was
conducted in recreational athletes whose only reward
was pleasure.

Also, clinical trials only provide data on “average
effects” of interventions; your clinical experience
means you can adjust those average effects to esti-
mate what might happen in an individual patient.
For example, a highly motivated individual might be
expected to do better than average with an exercise
intervention—where compliance is important.

In your office, you need to marry three things—
the patient's wishes, the clinical evaluation you
performed to make a diagnosis, and the evidence
(Fig. 3.1). These elements were all part of Sackett’s

Integrating evidence into clinical practice

original definition of evidence-based practice’
Unfortunately, some “radical” advocates of pseudo-
evidence-based practice forget the importance of
the patient's wishes and your clinical evaluation,
and they focus purely on the evidence component.
If given license, those folk (usually non-practicing)
disempower clinicians who work with real people;
these radicals devalue clinicians’ previous experience
and patient wishes. If you are a clinician, don't be
disempowered. Embrace evidence-based practice as
additional value for your patients.

Evidence-based practice helps you distinguish
evidence from propaganda (advertisement),
A L,"; probability from certainty, data from assertions,
7y4>°  rational belief from superstitions, and, ultimately,
science from folklore.?

PRAC,

By incorporating new evidence, your skills are
continually updated—you are not stuck in a time
warp where you practice today as you did in your year
of graduation!

In summary, the health professions combine the
art of caring for people with the best that science
has to offer. The healing part can be likened to the
community “shaman’—or healer. The patient’s per-
spective and wishes are critical to reaching a “quality
decision.” The days of paternalism should be behind
us. And remember that the plural of “anecdote” is
not “data”!?

In summary, the purpose of this chapter is to
provide a perspective on evidence-based practice and
to encourage interested readers to follow up with their
own searches on the topic. Use the Recommended
reading below. Evidence-based practice and clini-
cal reasoning form key parts of the curriculum for
students in all health disciplines; this chapter is not
meant to provide a comprehensive text for that! Enjoy
your evidence-based practice classes and remember
that the key is to integrate clinical acumen with the
evidence to meet the patient's needs (Fig. 3.1)! That
way you'll make quality clinical decisions!
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Chapter 28

Hip-related pain

with JOANNE KEMP, KAY CROSSLEY, ANTHONY SCHACHE,

and MIKE PRITCHARD

Bo says he felt his hip come out of the socket, so he popped it back in, but that’s just impossible,
no one’s that strong. Bo Jackson’s trainer after the American football and baseball
All-Star dislocated his hip when tackled during the 199o NFL playoffs

Until recently, the hip joint was not thought to be a
significant cause of problems in the athletic popula-
tion, although hip disorders have long been recog-
nized in the pediatric population (Perthes disease,
slipped femoral epiphysis) and older people (osteo-
arthritis). It was not until the advent of, firstly, MRI,
and then hip arthroscopy, that it was realized that the
incidence of hip labral and acetabular rim pathology
was high, and that anatomical variants such as femo-
roacetabular impingement (FAI) were a common
underlying cause of groin pain.

Hip pain is a common cause of activity restriction
in sportspeople. Hip and groin pain is the third most
common injury reported in the Australian Football
League (AFL)," accounting for between 5 and 15%
of all football-related injuries;* it is also prevalent in
many other sports, including tennis, football of all
codes, and hockey.

The likelihood of a sportsperson sustaining an
injury to the hip joint can be increased by the demands
of the sport, in particular, sports that require repeti-
tive hip flexion, adduction, and rotation.>* Hip joint
injury can also be caused by the inherent individual
anatomical variations within the joint, such as FAI or
developmental dysplasia of the hip (DDH).5™

The range of motion of the hip is critical in deter-
mining the likelihood of intra-articular damage
during sporting activity. The demands of range of
motion vary between all sporting activities and the
levels of activity. As range of motion decreases, the
risk of impingement-related damage increases, espe-
cially with contact sports.

Intra-articular hip pathologies contribute to both
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a reduced ability to participate in sporting or physi-
cal activities as well as pain and also reduced function
during activities of daily living. There is also consider-
able evidence that hip pathologies are strong contribu-
tors to hip, groin, and pelvic pain in young adults.’>

Burnett et al.* demonstrated that 92% of patients
with an arthroscopically confirmed labral tear com-
plained of moderate to severe groin pain. Philippon
et al.”° described labral tears and FAI in 100% of pro-
fessional National Hockey League (NHL) ice hockey
players presenting for hip arthroscopy or the treat-
ment of longstanding hip and groin pain. Injury to
the ligamentum teres of the hip has been cited as the
third most common cause of hip and groin pain in
the sportsperson.’s7

In this chapter, we:

= review the functional anatomy of the hip

= provide a clinical approach to assessment of what is
often a longstanding problem

- detail the pathologies and management of the many
important conditions that are now recognized to
cause pain around the hip region.

This chapter should be read in conjunction with the
chapter on groin pain (Chapter 29).

Functional anatomy and biomechanics
The hip has three functions:

= Itallows mobility of the lower limb.

« Ittransmits loads between the upper body, trunk,
and lower limb.

= Italso provides a stable base in weight-bearing
activities.



The anatomical structure of the hip allows it to
perform these functions.

The hip joint is supported by a number of
dynamic and passive supports—these include its
bony morphology, passive restraints such as capsule
and ligaments, and a complex system of interplaying
muscle groups. The biomechanics of the hip joint are
generally under-reported in the literature and so are
poorly understood. An appreciation of the functional
anatomy of the hip and the role of the various struc-
tures surrounding the hip will assist in this under-
standing (Fig. 28.1).

Morphology

The hip joint (femoroacetabular joint) is a tri-planar
synovial joint, formed by the head of femur inferi-
orly and the acetabulum superiorly. The acetabulum
sits within the bony pelvis and is normally anteverted
(forward-facing) by approximately 23°® (Fig. 28.2a
overleaf). The acetabulum also faces inferiorly and
laterally.

The head and neck of the femur are also ante-
verted—this refers to the most superior aspect of the
femoral head and the femoral neck (Fig. 28.2b over-
leaf). This angle is normally between 10° and 15° in
adults. The head of femur also faces superiorly and
medially. A reduction in either femoral or acetabular
anteversion is considered to increase the risk of hip
pathology.

The relationship between the head and neck of
the femur, called the head-neck offset, is also very
important when discussing the hip joint. This refers
to the difference between the greatest diameter of the
spherical femoral head and the diameter of the neck
measured around the femoral neck axis in any plane
(Fig. 28.2c overleaf) and is normally approximately
20 mm in people without hip pain.® A reduced
head-neck offset™ (also referred to as a cam lesion) is
considered to increase the risk of hip pathology and
will be discussed in detail below.

The morphological structure of the hip joint
allows the hip to achieve its three planes of move-
ment, being flexion and extension, adduction and
abduction, and external and internal rotation.

Acetabular labrum

The acetabulum forms the socket of the hip joint,
and is lined with articular cartilage. The acetabular
labrum (Fig. 28.3 on page 513) is a ring of fibrocar-
tilage and dense connective tissue which is attached

Hip-related pain Chapter 28

Figure 28.1 Anatomy of the hip and groin area
(a) Plain X-ray of the pelvis

(b) The hip joint

to the bony acetabular rim. The acetabular labrum is
thinnest in its anterior aspect.

The blood supply of the labrum enters though the
adjacent joint capsule. Only the outer one-third of
the labrum is vascularized.>* Nocioceptive free nerve
endings are distributed throughout the acetabular
labrum, suggesting a pain-producing capacity.> >
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Figure 28.2 (a) CT showing acetabular anteversion'®

%\

(b) Transverse views of a normal hip (upper figure) and
a dysplastic hip (lower figure)'™

(1) Angle of torsion—rotation of the femoral neck
relative to the shaft (transcondylar axis), normally
10-15° of anteversion. Dysplastic hips usually have
increased angle

(2) Acetabular anteversion angle—the anterior
direction of the acetabulum, is normally 20-40° of
anteversion. Dysplastic hips usually have increased
angle but it may be decreased

Theacetabularlabrum has several functions. These
are primarily to deepen the acetabulum, to distribute
the contact stress of the acetabulum over a wider area
(increasing contact area by 28%)> and assisting in
synovial fluid containment and distribution.>*+

Ligaments of the hip

The transverse acetabular ligament (Fig. 28.3)
traverses the acetabular notch, connecting the ante-
rior and posterior edges of the labrum. The deepest
layer of labral tissue blend into this ligament. The
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Normal offset
(between lines 1 and 2)

Decreased offset

(c) Femoral head-neck offset'®

The head-neck offset is the distance between the
most superior aspect of the femoral head (line 1) and
the femoral neck (line 2). Line 3 is first drawn through
the long axis of the neck, then parallel lines are drawn
representing the superior aspect of the femoral

head (line 1) and the femoral neck (line 2). The offset
is the distance between lines 1 and 2. A decreased
offset (lower figure) leads to reduced clearance and
subsequent impingement

transverse acetabular ligament is under greatest load
in weight-bearing, widening the acetabular notch
and placing the transverse acetabular ligament under
a tensile load.>



/anterior inferior
iliac spine

rectus femoris ligament

iliofemoral ligament
/

_— labrum
acetabulum — transverse
acetabular
ligament
ligamentum
teres

ischial tuberosity/

Figure 28.3 Transverse acetabular ligament, acetabular
labrum, and ligamentum teres (resected)

The ligamentum teres (Fig. 28.3) is an intra-
articular ligament, arising from the fovea of the head
of the femur, becoming triangular in shape, with
an anterior and posterior branch, which insert into
the anterior and posterior aspect of the transverse
acetabular ligament respectively. It is covered by the
synovium within the hip.’s

The ligamentum teres is also rich in free nerve
endings, which are mechanoreceptors.?® The liga-
mentum teres was originally thought to be a his-
tological vestige which becomes redundant early
in childhood; however, it is now assumed that the
ligamentum teres plays an important proprioceptive
role, especially in weight-bearing activities.’

The iliofemoral ligament (Y ligament of Bigelow)
reinforces the anterior capsule and originates from
the anterior iliac spine, fanning into an inverted
Y shape to insert into the intertrochanteric line
(Fig. 28.4). It is taut in hyperextension and also pro-
vides stability in relaxed standing.

The pubofemoral ligament arises from the ante-
rior surface of the pubic ramus and inserts into the
intertrochanteric fossa (Fig. 28.4). It is taut in abduc-
tion and extension, and also reinforces the anterior
capsule.

Hip-related pain Chapter 28

Figure 28.4 Capsular ligaments of the hip

The ischiofemoral ligament arises from the pos-
terior surface of the acetabular rim and labrum, and
extends into the femoral neck just proximal to the
greater trochanter (Fig. 28.4). Its fibers run in a spiral
pattern and are also taut in hyperextension.

The iliofemoral, pubofemoral, and ischiofemoral
ligaments act to restrain hyperextension, which is of
particular relevance in relaxed standing.

Chondral surfaces

Both articular surfaces of the hip are lined with
articular cartilage. These chondral surfaces rely upon
adequate function of the synovium and movement
of synovial fluid within the joint to provide nutrition,
because articular cartilage is avascular. As both the
acetabular labrum and ligamentum teres have been
reported to attach to the synovium, they may also
play a role in the nutrition and normal function of
articular cartilage within the hip joint.

Joint stability and normal muscle function

The bony morphology, acetabular labrum, ligamen-
tum teres, other ligaments, and capsule of the hip
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joint all provide passive stability to the hip joint.
Dynamic stability is provided by a complex inter-
play between various muscles surrounding the hip
joint. The concept of deep hip stabilizers, the “hip
rotator cuff,” has been present for some years,” but
has grown in popularity in recent years. In particular,
the primary hip stabilizers are thought to provide a
posterior, medial, and inferior force on the femur to
control the position of the head of femur within the
acetabulum. Ultimately, the dynamic control provided
by the deep hip stabilizers has potential to minimize
stress on vulnerable structures, such as the antero-
superior acetabular labrum, and the anterosuperior
acetabular rim (Fig. 28.5).

Recent reports have described the roles of hip
muscles, with respect to muscle morphology,
primary action of joint movement, and lines of
action in relation to the axes of joint movement?-29
(Fig. 28.6). Some muscles have greater capacity to
generate torque over larger ranges of motion (prime
movers), while other muscles are better placed to act
as dynamic hip joint stabilizers.

Detailed descriptions of muscle morphology have
increased the understanding of the potential roles
of individual muscles to act as dynamic hip stabil-
izers.?® Muscles with a larger physiological cross-

sectional area (PCSA) relative to muscle fiber length
(MFL) (i.e. PCSA [cm?] : MFL [cm] >1.0) generate
large forces over small length changes and, hence,
are considered to be joint stabilizers® (Table 28.1).
In contrast, those muscles with smaller PCSA rela-
tive to muscle fiber length (i.e. PCSA [cm?] : MFL
[cm] <1.0) are considered to be “prime movers” of a
joint. Generally the hip muscles tend to act as either
joint stabilizers or prime movers. However, there are
two muscles with both large PCSA and large MFL
(gluteus maximus and adductor brevis), which sug-
gests that these muscles are required to act as both
stabilizers and prime movers.

The six short hip external rotators (SHER) (obtu-
rator internus and externus, superior and inferior
gemellus, quadratus femoris and piriformis) have
the capacity to provide hip joint compression and,
hence, dynamic stability during most weight-bearing
and non-weight-bearing activities.?® 3° The gluteus
medius is the dominant hip abductor, and is the
primary lateral stabilizer of the hip during one-leg
stance activities.>

For the patient with hip pain and/or pathology,
the clinician should also consider the lines of actions
for each of the deep hip stabilizers.?® For example,
although all of the SHER have capacity to provide

Figure 28.5 Muscle attachments around the greater trochanter
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axtensior
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anterior

pectineus
_— gluteus minimus

——— piriformis

quperior gemellus
obturator internus

inferior gemellus

quadratus femoris

rectus femoris

semimembranosus

Figure 28.6 Muscles around the hip showing their primary direction of movement

Table 28.1 Hip muscles with primary function as hip stabilizer—primary and secondary actions®

Stabilizers (PCSA [cm?] : MFL [cm] >1.0) Primary action Secondary action
Gluteus maximus Extension Adduction
External rotation
Gluteus medius Abduction Extension
External rotation (posterior fibers)
Internal rotation (anterior fibers)
Gluteus minimus Abduction Flexion

External rotation (posterior fibers)
Internal rotation (anterior fibers)

Piriformis

External rotation

Abduction

Quadratus femoris

External rotation

Adduction

Obturator internus

External rotation

Inferior gemellus

External rotation

Superior gemellus

External rotation

Obturator externus

External rotation

Adduction
Pectineus Adduction Internal rotation
Semimembranosus Extension
Rectus femoris Flexion Abduction

@ Primary action and line of action in relation to axis of movement of hip joint in the anatomical position?* %
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dynamic hip stability in the anatomical position,
the quadratus femoris also has a line of action that
is inferomedial. Therefore it has a greater capacity
to resist superior translation of the hip. Similarly,
the gluteus maximus and four SHERs (piriformis,
gemellus inferior and superior, obturator internus)
have a line of action that is posteromedial, and may
be able to resist anterior force of the hip.>*

In contrast, although the gluteus medius is an
important lateral stabilizer of the hip, its line of action
is both medial and superior®® making it the greatest
contributor to both medial and superior hip contact
force during walking.3* Furthermore, the anterior fibers
of gluteus medius and minimus become hip internal
rotators when the hip is flexed.’> 3 The relevance of
these factors to the rehabilitation of the patient with
hip pain and pathology is described below.

Clinical perspective: making sense of a
complex problem

Pain related to the hip joint is commonly seen in ath-
letic populations. Of sportspeople with longstanding
adductor-related groin pain, 94% have radiological
signs of FAI34 Of sportspeople with hip and groin
pain, 22% have labral tears and 55% of people with
mechanical symptoms of the hip have confirmed
labral pathology.

However, despite this prevalence, hip-related
pain and associated pathologies have not been well
managed in the athletic population until recently.
Weir et al3+ reported a mean duration of hip and
groin pain in sportspeople of 22 weeks, with the
maximum duration 250 weeks (5 years), while many

Table 28.2 Causes of hip injuries/pain

Common Less common

Anterior pain

Synovitis Os acetabulare
Labral tear Ligament teres tear
Chondropathy Stress fracture

Osteoarthritis

Hip joint instability (hypermobility or
developmental dysplasia of the hip

Traction apophysitis (AllS—rectus femoris; ASIS—
sartorius; lesser trochanter—iliopsoas)

other studies report symptom duration of greater
than 2 years.” Byrd and Jones'® reported an average
of 7 months from initial assessment, and multiple
other diagnoses being made, before a definitive diag-
nosis of hip pathology was made.

Hip pain also commonly coexists with other groin-
related pathology, such as adductor symptoms, iliop-
soas symptoms and pubic symptoms. This makes
definitive diagnosis and provision of appropriate
management programs difficult and often multi-
factorial® (see also Chapter 29).

Causes of hip injuries and pain are shown in
Table 28.2. Hints for differentiating hip pain from
lateral thigh pain are shown in the box below.

Femoroacetabular impingement
Femoroacetabular impingement (FAI) describes a
morphological variant seen in approximately 20% of
the general population—it is not in itself pathology.”
There are three types of FAI described.

Hints for differentiating hip joint and lateral

thigh pain

- Groin or anterior pain plus loss of range of
movement, clicks, or catching generally means joint
pathology.

- Lateral thigh pain plus full range of movement (once
muscle spasm is taken into account) generally means
lateral soft tissue structures.

+  Both groin and lateral pain plus some joint
restruction/signs generally means both.

Not to be missed

Synovial chondromatosis

Avascular necrosis of head of
femur

Slipped capital/upper femoral
epiphysis (SUFE)

Perthes

Tumor

Lateral pain

Greater trochanter pain
syndrome

Gluteus medius tears and
tendinopathy

Trochanteric bursitis

Referred pain from lumbar spine

Fracture of neck of femur
Nerve root compression
Tumor
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The first type is impingement due to a cam lesion
(Fig. 28.7b), sometimes referred to as a Ganz lesion.
This describes the reduction in femoral head—neck
offset described previously, which results in addi-
tional bone being seen at the head-neck junction.
This additional bone is also referred to as the “bump.”
Cam lesions are most commonly seen on the ante-
rior, superior, or anterosuperior aspect of the femoral
neck, and are seen in 78% of people with FAI3

The second type of FAI seen is referred to as
“pincer impingement” (Fig. 28.7c). This refers to
bony change seen in the acetabulum and is seen in
42% of people with FAL® This can either manifest

Figure 28.7 Hip joints with and without femoroace-
tabular impingement (FAI)
(a) Hip without FAI

(b) Cam lesion
Additional bone arises as a “bump” from the femoral
surface

Hip-related pain Chapter 28

(c) Pincer lesion—bone spur extends from the
acetabular surface

as a deep acetabulum, which is most commonly seen
anteriorly,> % or as a retroverted acetabulum, which
leads to an apparent deeper anterior acetabular wall.

The third type of FAI seen is the mixed presenta-
tion where both cam and pincer lesions are seen; this
is seen in 88% of people with FAI3®

It is unclear whether the development of cam
deformity is due to overactivity at the epiphyseal plate
between the femoral head and neck during periods
of rapid growth in adolescents caused by repetitive
torsional forces at the hip; or whether it is due to
genetic tendencies. There is now some evidence that
FAI has a familial pattern, with siblings being three
times more likely to have FAI than controls.®

?RA~ FAlin itself is not a pathology, it is simply a variation
’/i\ . of bony structure within the normal range seen

" Of the 20% of the population with FAI, only 23% of

78937 these people complain of hip pain.

FAI, however, can result in pathology causing
pain when the hip joint is placed into a position of
impingement in a repetitive fashion during sport-
ing activities, or in a single major traumatic incid-
ent such as a motor vehicle accident, or a large fall
when the hip is in the position of impingement. The
incidence of radiological signs of FAI in sportspeople
with longstanding adductor-related groin pain has
recently been reported as being 94%.3

The most common position of impingement is
flexion with internal rotation and sometimes adduc-
tion.> 39 4° With most cam and pincer lesions
located on the anterior or superior aspect of the hip,
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these positions are most likely to bring these surfaces
together and cause impingement.

Several authors have postulated an association
between FAI and an increased likelihood of devel-
oping other intra-articular hip pathologies—these
primarily being labral tears, chondropathy, and ulti-
mately osteoarthritis of the hip.> ¢ 8 38

As there is no conclusive evidence at this stage that
PRA~ indicates that all sportspeople with morphological
/‘\ % features of FAl will develop hip pathology,
\ o prophylacticsurgery to correct deformities in
athletes who do not have signs of hip pathology is
not recommended.

749>

The early identification of FAI in sportspeople with
hip and groin pain is essential. Unfortunately, there is
no gold standard in clinical diagnosis of FAI Clinical
signs that are often reported to indicate the presence
of FAI include reduced range of hip internal rota-
tion, particularly when the hip is flexed, and a positive
FADIR (flexion, adduction, internal rotation) test.

Positive FADIR testing is common in FAI-related
damage and radiological examination is required.
Plain radiographs can be useful and, generally, a cor-
rectly centered plain AP view of the pelvis, along with
extended lateral femoral neck X-rays taken at 45° and
9o°—the “Dunn views”—will indicate the presence
of the morphological features of FAI when read by
an experienced radiologist (Fig. 28.8).

Sportspeople who present with FAI and have
hip or groin pain should be encouraged to avoid the
position of impingement as much as possible. This
position of impingement is usually flexion, internal
rotation and adduction, or any combination of these
(Fig. 28.9). This may involve activity modification

Normal j Cam ‘_j
Pincer ) Mixed ;

GUIGU

Figure 28.8 Radiological appearances of the types
of FAI

518

Figure 28.9 Hip impingement during football

on a day-to-day basis, as well as during athletic pur-
suits. For example, in footballers, this may involve
playing in a different position which requires less
time changing direction and getting down low to the
ball. It may also involve reducing the time spent on
the field. Maximizing dynamic neuromotor control
around the hip also assists in achieving this goal.

Factors that may contribute to the
development of hip-related pain

Certain factors may contribute to the development
of hip-related pain. These factors all alter the loads
on the hip joint, thus placing structures within
and around the hip joint under duress, which may
eventuate in pain. These contributing factors can be
classed as either extrinsic or intrinsic factors.

Extrinsic factors

Extrinsic factors include the type of sports played,
particularly those involving repeated combined hip
flexion, abduction and adduction, and loaded rota-
tional or twisting movements. Extrinsic factors may



also include the volume of sport and activity under-
taken, footwear worn, and type of surface played
upon. Of these extrinsic factors, the type of sport and
volume of load undertaken are probably the most
important when evaluating the sportsperson with
hip-related pain.

Repeated hip flexion, abduction and adduction,
and rotation and twisting are reported throughout the
literature as influencing the likelihood of the develop-
ment of hip pathology. The clinician must examine
these loads in detail and modify them accordingly for
sportspeople who experience hip-related pain.

Intrinsic factors

Intrinsic factors can also influence the development
of hip pain and pathology. These factors may also
alter loads within the joint, predisposing the hip
to injury. Intrinsic factors are considered as either
“local” or “remote,” and both must be considered for
comprehensive assessment of the sportsperson with
hip-related pain. Identifying these factors via thor-
ough assessment is essential if the clinician is to suc-
cessful modify the loads within the joint to protect
potentially vulnerable structures.

Local factors

The following local factors may contribute to the
development of hip-related pain. These are shown
Table 28.3 overleaf.

Reduced hip flexion

Reduced hip flexion may indicate the presence of FAIL.
In sportspeople with hip pain, this must be assessed
to ensure the sportsperson has adequate range of hip
flexion to meet the demands of the sport, particularly
sports that involve repetitive end-range flexion (e.g.
football, gymnastics).

Hip flexion can be assessed reliably in supine
position, with the contralateral thigh stabilized with
a seatbelt (Fig. 28.10a on page 521), using either a
goniometer or inclinometer. Any pain experienced at
the end range of flexion must be noted.

Reduced hip internal rotation

Reduced range of hip internal rotation may also indi-
cate the presence of morphological changes such
as FAI, slipped upper femoral epiphysis (SUFE),
Perthes, or dysplasia that may predispose the sport-
sperson to hip pathology. Many sports demand
certain ranges of hip internal rotation, and these
ranges must be established if a sportsperson is to
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participate in the sport without the risk of hip pain.
This should be assessed in both a neutral range of
hip flexion, and at 9o° of hip flexion.

This range can be assessed reliably with either an
inclinometer or goniometer, with the patient prone
for hip neutral, and sitting for 9o° of flexion, with
the contralateral thigh stabilized (Fig. 28.10b on

page 52I1).

Reduced hip extension

Reduced hip extension may predispose to hip pain,
as it is possible that loads are placed on the anterior
margins of the joint as the sportsperson attempts to
gain more range during the end stage of stance in
running and gait. The anterior margins of the joint
are considered to be highly vulnerable to injury, and
must be protected from overload. Hip extension
range of motion can be measured reliably in supine
position at the end of the plinth, with an inclinom-
eter (Fig. 28.10c on page 521).

Increased femoral adduction/internal rotation
during functional tasks

Increased femoral adduction and/or internal rotation
during functional tasks may place the hip in a posi-
tion of impingement, thus increasing loads on vulner-
able joint margins such as the acetabular labrum and
acetabular chondral rim. This is especially important
for the patient with lost range of motion.

Increased femoral adduction motion should be
assessed in both static and dynamic activities, such as
a single-leg squat, walking, and running. Videotaping
the sportsperson performing functional tasks may
assist the clinician in identifying increased adduc-
tion/internal rotation (Fig. 28.10d on page 521).

Remote factors
The following remote factors may contribute to the
development of hip-related pain.

Proximal factors
Increased pelvic tilt and/or lumbar hyperextension
may increase the load on the anterior margins of the
hip, due to the more distal placement of the anterior
acetabular rim. This increased load may be a source
of increased hip pain and eventually anterior hip
pathology. The clinical assessment of pelvic symme-
try and lumbar spine is outlined in Chapter 26.
Inadequate control of the lumbopelvic segments
may result in a number of asymmetries, which alter
the loads on the hip joint. In particular, lateral pelvic
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Table 28.3 Local factors that can contribute to the development of hip-related pain

Factor

Reduced hip flexion range
of motion

Possible mechanisms— Possible mechanisms—

structural functional

Cam lesion
Pincer impingement
Dysplasia

Confirmatory assessments

Plain X-ray AP pelvis
Dunn view 45°/90°
Positive FADIR

Reduced hip internal
rotation range of motion

Acetabular retroversion

Reduced femoral head-neck
offset (cam lesion)

Pincer impingement

Femoral retroversion

Osteoarthritis changes
(osteophytes)

Plain X-ray AP pelvis
Dunn view 45°/90°

Reduced strength hip
internal rotators

Tight gluteals and piriformis

Muscle spasm

Hand-held dynamometry

Muscle length tests

Reduced hip extension
range of motion

Plain AP X-ray

Acetabular anteversion
Dysplasia
Tightness hip flexors,
quadriceps
Reduced hip extensor
strength

Muscle length tests

Hand-held dynamometry,
and manual muscle tests

Posterior pelvic tilt

Increased femoral
adduction/internal
rotation motions

Developmental dysplasia of
the hip

Acetabular or femoral
anteversion

Plain X-ray AP pelvis
Dunne view

Reduced hip abductor Hand-held dynamometry,

strength and manual muscle tests

Reduced hip extensor
strength

Reduced hip external rotator
strength

Reduced neuromotor

control/proprioception

Single-leg balance challenge,
and force platform

tilt may increase load on both the lateral and medial
structures of the hip joint, due to the increased
adductor and internal rotation moment seen on the
stance leg.

Control of the hip and lumbopelvic control can
be assessed using the single-leg squat (Chapter 8),
other single-leg activities, and gait- or sports-specific
activities. In some cases, the sportsperson should
also be videotaped while running, particularly when
fatigued, as altered control may become more pro-
nounced. The demands on the lumbopelvic region
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for the individual's sport must be considered, as this
may predispose certain athletic groups to fatigue and
subsequently altered load on the hip joint.

Distal factors

Increased subtalar pronation may lead to an increase
in tibial internal rotation. This may lead to an over-
load on the iliotibial band and the lateral structures
of the hip. Increased iliotibial band tension leads to
increased compression over the greater trochanter,
and the development of gluteus medius and minimus



Figure 28.10 Assessment of local factors
(a) Measurement of hip flexion range of motion (using
a simple inclinometer)

(b) Measurement of hip internal rotation range of
motion in sitting

(c) Hip extension range of motion
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(d) Increased femoral adduction and internal rotation
moment

tendinopathy, and trochanteric bursitis. Increased
tibial internal rotation may also create increased
internal rotation of the femur, thus heightening
load on the hip, particularly in sportspeople with an
increased risk of impingement. The clinical assess-
ment of the subtalar joint is outlined in Chapter 40.

Adequate range of ankle dorsiflexion during the
stance phase of gait is essential in order to mini-
mize excessive loads further up the kinetic chain.
If this movement is limited, the gait pattern may be
altered to achieve onward forward propulsion of the
sportsperson. One adaptation commonly seen is an
increase in hip adduction and rotation at the middle
of the stance phase of gait. This may increase load on
the hip joint in similar ways to those outlined above.
The clinical assessment of ankle dorsiflexion range
of motion is outlined in Chapter 38.

Clinical assessment

History

It is important to obtain a full history from the
patient prior to undertaking a physical examination
or obtaining any investigations. This history should
include:

= age, general health, past medical history (including
presence or absence of childhood conditions such as
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“clicky hips,” slipped upper femoral epiphysis (SUFE)
or infantile dysplasia) and medications

» weight and height (BMI)—BMI >25 can increase
severity of symptoms of osteoarthritis and
tendinopathy, as well as increase joint loads

« exact mechanism of injury (if known), including
onset as sudden or insidious

» time since onset of symptoms

« pattern of symptoms since onset (worsening,
improving or not changing)

« family history—there may be a genetic
predisposition to FAl and osteoarthritis of the hip3®

» presence of mechanical symptoms such as locking,
clicking, or giving way—suspect labral or possibly
ligamentum teres pathology

« location of pain—hip pathology may present as
groin, lower back, lateral hip, buttock, or thigh pain,*
and secondary sources of pain such as muscle spasm
may be present, complicating the assessment

 nature of pain (intensity, severity, constancy, time of
day, latency)—will provide clues as to presence of
inflammation, synovitis, bursitis, or tendinopathy in
addition to intra-articular pathology

» neurological signs and low back pain—the lumbar
spine can refer pain to the hip and should be
eliminated as a potential primary source of pain

» aggravating factors—be specific regarding position
of hip and potential for impingement during these
activities, how long it takes for these activities to
provoke pain, and latent pain

« current level of activity (frequency and intensity of
lower limb loading)—tendon-related pain may need
to be assessed over a period of three days

« factors easing pain—be specific regarding positions
of ease as well as time required for pain to ease

« current sporting history—including level of sport
(community, state, national, and position played
within the team); certain positions will place the hip
under more load, such as midfield in AFL football

= previous sporting history—certain sports played
may increase the likelihood of a hip injury (e.g.
dancing, gymnastics, martial arts, tennis, hockey)

» desired level of future sporting activity—this is
important to establish in order to determine level of
intervention as well as future risk of injury

- activities of daily living—including occupation,
length of time spent sitting, amount of hip flexion
and rotation and degree of manual labor within
occupation, family situation including the presence
of young children

« any past treatment, including investigations,
conservative treatment, or surgical intervention.
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Examination

]

Examination involves:

1.

2,

Examination of the hip is in the Clinical Sports Medicine
masterclasses at www.clinicalsportsmedicine.com.

Observation
(@) standing
(i) general lower limb alignment
(i) femoral alignment
(iii) pelvic symmetry
(iv) muscle tone and symmetry
(b) walking
(i) pain
(i) limp
(i) lateral pelvic stability—Trendelenburg
sign
(c) supine
(i) leglength
Active movements
(@) hip flexion/extension
(b) hip abduction/adduction
(c) hip internal/external rotation at both neutral
and 90° flexion
(d) bentknee fall-out

. Passive movements

(@) adductor muscle stretch (Fig. 28.11a)

(b) anterior impingement test (hip quadrant)—
flexion, adduction, internal rotation (Fig. 28.11b)
internal rotation at 90° flexion

flexion, abduction, and external rotation (FABER
or Patrick’s test) (Fig. 28.11¢)

quadriceps muscle stretch

psoas muscle stretch/impingement (Thomas
position) (Fig. 28.11d overleaf)

— =
a o

= =
20

4. Tests of muscle function
(@) adductor squeeze test (Fig. 28.11e overleaf)
(b) hand-held dynamometry of hip muscle strength
bilaterally
(i) flexion/extension
(i) adduction/abduction
(iii) internal/external rotation
() Real-time ultrasound assessment of deep hip
stabilizers and deep core
(d) de-rotation test* (Fig. 28.11f overleaf)
5. Palpation

(@) adductor muscles/tendons/entheses

(b) pelvis including pubis symphysis, ischial
tuberosities, proximal hamstring attachment

(c) iliopsoas in muscle belly and at anterior hip
joint (Fig. 28.11g overleaf)



(d) superficial hip abductors including tensor fascia
lata, gluteus medius, superior gluteus maximus

(e) greater trochanter and tendons of gluteus
medius and minimus

6. Functional movements

(@) single-leg squat (Fig. 28.11h on page 525)

(b) hopping (to reproduce pain)

(c) forward hop

(d) step up and down on the affected leg (observe
stability, pain level, and pain location)
(Fig. 28.11i on page 525)

(e) side step up and down on the affected leg

(f)  hip hitch (in neutral, internal, and external
rotation), keeping the knee extended
(Fig. 28.11j on page 525)

(g) kicking (if appropriate)

(h) balance and proprioception

Figure 28.11 Examination of the patient with hip-
related pain
(a) Passive movement—adductor muscle stretch
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(b) Passive movement—anterior impingement (hip
quadrant: flexion, adduction, and internal rotation—
FADIR). This is a combined movement that is performed
if hip range of motion is normal in single planes

(c) Passive movement—flexion, abduction, and external
rotation (FABER or Patrick’s test). Range of motion, apart
from extreme stiffness/laxity, is not that relevant. Some
caution needs to be exercised, as it is possible to sublux
an unstable hip in this position. Pain felt in the groin is
very non-specific. Pain in the buttock is more likely to be
due to sacroiliac joint problems. However, pain felt over
the greater trochanter suggests hip joint pathology
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(d) Passive movement—psoas stretch (Thomas
position). Pain in the hip being stretched suggests psoas
abnormality. Pain in the hip being compressed can be
significant for anterior impingement of the hip joint

(e) Resisted movement—squeeze test. Examiner places
fist between knees as shown. Patient then adducts
bilaterally against the fist

We emphasize that each individual clinician needs
R4 C, todevelop his or her own technique for examining
7 O\ .
\ o this joint. Between the masterclasses online and
yy>°  thisoutline, you see a range of options you can

incorporate into your practice.
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(f) De-rotation test

In 90° flexion, the hip is taken into external rotation,
and the patient asked to return the leg to the axis of the
table against resistance. The test result is positive when
the usual pain is reproduced

(g) Palpation of iliopsoas in muscle belly and at anterior
hip joint



(h) Functional movements—single-leg squat. Note
pain, degree of femoral adduction and internal rotation,
and lateral pelvic stability—Trendelenburg sign

(i) Functional movements—step up and down (observe
stability, pain)

Hip-related pain Chapter 28

(j) Hip hitch (in neutral, internal and external rotation),
keeping the knee extended

Investigations

X-ray, MRI, and ultrasonography are the mainstay of
imaging for diagnosis of hip pathology. Plain X-rays
are often overlooked by clinicians, but usually should
be the first investigation ordered as they can provide
valuable information. FAI can often be seen on an
AP view of the pelvis and Dunn views of the hip
(Fig. 28.8). Similarly these X-rays can also guide the
clinician to the presence of osteoarthritis, and abnor-
malities in morphology such as acetabular dysplasia,
acetabular retroversion or anteversion, the presence
of os acetabulare, and not-to-be-missed pathologies
such as a slipped upper femoral epiphysis, Perthes
disease, tumors, fractured neck of femur, and avas-
cular necrosis. Unfortunately a plain radiograph
does not provide information about soft tissue injur-
ies such as labral, chondral, or ligamentum teres
pathology.

CT scans are generally not utilized as a diagnos-
tic tool for hip pathology, as most diagnostic infor-
mation is usually obtained by clinical examination,
a plain radiograph, and MRI. However, surgeons
will often obtain specific CT scans preoperatively to
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assist them in planning surgery for the treatment
of FAIL. The POD (Pritchard—O’Donnell) “position
of discomfort” protocol CT gives surgeons specific
three-dimensional images (Fig. 28.12) providing
information regarding impingement sites, femoral
head-neck morphology and version, acetabular
overhang and version, and joint space loss anterosu-
periorly. Surgeons may obtain specific CT scans pre-
operatively to assist them in planning surgery for the
treatment of FAL

MRI is commonly used in the diagnosis of soft
tissue injuries of the hip. Pathologies such as labral
tears, ligamentum teres tears, tendon and bursae
pathology and, occasionally, chondral defects may be
seen on an MRI scan. Unfortunately the sensitivity
and specificity of MRI to these injuries is not high,
and false-negative results are often noted.

Due to the depth of the joint, diagnostic ultra-
sound is not especially useful for the diagnosis of
intra-articular hip pathology; however, it can be useful
in determining the presence of bursae of the greater
trochanter or iliopsoas tendon, and tendinopathy of
these regions. Real-time ultrasound can be used to
assess the function of the deep lumbar and hip sta-
bilizing muscles.

Diagnostic injections of local anesthetic are used
frequently in the hip to determine the presence of
intra-articular pathology of the hip. These are generally
performed under imaging guidance. A reduction in

Figure 28.12 The POD (Pritchard—O’Donnell) “position
of discomfort” protocol CT gives surgeons specific
3-dimensional images providing information regarding
impingement sites, femoral head-neck morphology
and version, acetabular overhang and version, and joint
space loss anterosuperiorly
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symptoms following an injection generally confirms
the presence of intra-articular pathology, although a
negative response does not necessarily indicate that
no pathology is present, and further investigation
and management may still be warranted.

Labral tears

Tears of the acetabular labrum (Fig. 28.13) are seen
commonly in the athletic population, with 22% of
sportspeople with groin pain having labral tears, and
55% of patients with mechanical symptoms and hip
pain having labral tears.’> > 43-4 The etiology of labral
tears is well described in the literature.

The presence of both FAI> 33746 and develop-
mental dysplasia of the hip (DDH)# 4 has been
repeatedly shown to increase the risk of a labral
tear. This is thought to be due to impingement of
the labrum in the presence of FAI and increased
shear forces on the outer joint margins including the
labrum, in the presence of DDH.

The prevalence of labral tears in the US and
Europe is greatest anteriorly.” 2> 449 Various causes
for the high number of anterior labral tears have

torn
acetabular
labrum

Figure 28.13 Labral tear
(a) Pathology



(b) MR arthrogram (MRA)
with gadolinium contrast leaking through a labral tear
(circle)

been postulated, including reduced thickness of the
labrum anteriorly, the prevalence of FAI lesions seen
anteriorly resulting in anterior impingement, and
common functional activities, especially those with
repetitive twisting and pivoting of the hip.’

The reduced bony support seen anteriorly in the
hip due to the anteverted position of the acetabu-
lum, which results in higher shear forces on anterior
soft tissue structures, is also a likely cause of labral
pathology. It has been shown that in the last 20-30%
of the stance phase of gait, and in more than 5° of
hip extension, increased forces are placed on anterior
soft tissue structures by the head of femur.'o5°

Tears of the acetabular labrum are usually classi-
fied as type I or type II tears.>>5 Type I is described as
a detachment of the labrum from the articular hyaline
cartilage at the acetabular rim. Type I is described as
cleavage tears within the substance of the labrum.
The location of these tears relative to the vasculariza-
tion of the labrum must be considered when estab-
lishing the potential for healing of the tear, and the
most appropriate type of intervention.

The identification of labral tears in patients
remains difficult. The patient often complains of
mechanical symptoms such as locking, clicking,
catching, and giving way. The location of pain is
usually reported to be within the anterior hip or in
the anterior groin region, although some patients
report pain in the posterior buttock.

Clinical examination is also difficult, as most clin-
ical tests have poor sensitivity and specificity regard-
ing the type and location of pathology, although the
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FADIR (Fig. 28.11b) and FABER (Fig. 28.11¢) are
often described as being appropriate for the diagno-
sis of labral pathology.

Radiological investigations remain unreliable,
with MRA the only investigation having a reasonable
degree of sensitivity and specificity™ (Fig. 28.13b).

Labral tears are often suspected, but not con-
firmed until patients present for hip arthroscopy,
which remains the gold standard for diagnosis of
labral pathology.’s-22

Sportspeople with labral pathology may respond
to conservative management, and this should usually
be trialed prior to undergoing surgery, except possibly
in those patients with large bumps who are engaging
in activity that demands more range of motion than
the sportsperson safely achieves before impinge-
ment. Management should be directed to unloading
the damaged labrum, which is almost always ante-
rior and/or superior.

Repetitive hip flexion, adduction or abduction,
and rotation at the end of range should be avoided
through activity modification. Improving hip joint
neuromotor control via activation of the deep stabi-
lizing muscles, initially in an unloaded and then a
progressively loaded manner, appears to assist in the
unloading of the labrum.

Gait retraining may also be undertaken to mini-
mize excessive hip extension at the end of stance phase
of gait, as increased hip extension has been dem-
onstrated to increase the loads on anterior hip joint
structures.’> Neuromotor control of the hip should be
maximized and any remote factors influencing the
mechanics of the hip should be addressed.

Ligamentum teres tears

Tears of the ligamentum teres (Fig. 28.14 overleaf)
are seen frequently in sportspeople undergoing hip
arthroscopy, and are being reported more frequently
in the literature. Studies have found up to 70% of
sportspeople undergoing hip arthroscopy for FAI and
labral tears also have tears of the ligamentum teres.”
Tears of the ligamentum teres are classified as:

« typel—a partial tear
= type ll—a complete rupture
« type lll—a degenerate ligament.>

The mechanism of injury for ligamentum
teres most commonly involves forced flexion and
adduction, and often internal or external rotation.s
Twisting motions and hyperabduction injuries have
also been reported to cause a tear to this ligament.
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Figure 28.14 Ligament teres tear

With the likelihood of the ligamentum teres playing
a large proprioceptive and stabilization role of the
hip becoming increasing recognized, the prompt
diagnosis and management of these injuries in the
sportsperson is essential. Likewise, any surgical pro-
cedure that sacrifices the ligamentum teres through
open dislocation should be carefully considered.

The symptoms of a ligamentum teres tear appear
to be similar to other intra-articular hip pathologies,
with most patients complaining of deep groin and/or
medial/anterior thigh pain, catching, reduction in
range of motion, and night pain.s 5+

Clinically these patients will also often present
with significant increased tone of the adductor
muscle group, and an injured ligamentum teres
when touched with a radiofrequency probe intra-
operatively can generate an adduction moment force
powerful enough to reduce the hip while in traction.”
These patients also present with reduced strength of
the hip external rotators and extensors.

There are presently no established radiological
or clinical tests that reliably identify tears of the liga-
mentum teres, and hip arthroscopy is the gold stand-
ard in diagnosis of these tears. However, Pritchard
et al. have recently developed a clinical test that may
have clinical utility.5®

The test aims to place the femoral head and
neck into a position that avoids bony and soft tissue
impingement, while placing traction on the ligamen-
tum teres by moving the hip through a full range of
internal and external rotation.

The test is performed with the patient’s hip flexed
to full flexion without tilting of the pelvis (Fig. 28.15).
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Figure 28.15 Position from which to internally and
externally rotate the hip in the ligamentum teres test

The hipisthen extended by 30 degrees. From this posi-
tion (full flexion minus 30 degrees), the hip is moved
into full abduction and then adducted 30 degrees (full
abduction minus 30 degrees). The hip is then inter-
nally and externally rotated through full range. The
presence of pain is considered a positive test.

Often ligamentum teres pathology is not con-
firmed until a sportsperson presents for surgery,
but it should be suspected in episodes involving the
mechanism of injury mentioned above. The princi-
ples of management of ligamentum teres pathology
are similar to those for labral pathology, with a par-
ticular emphasis on regaining neuromotor control,
excellent proprioception, and avoiding positions that
place the ligament under most stress through activity
modification.

The sportsperson with a ligamentum teres injury
often presents with extremely overactive long adduc-
tors, which can be a source of considerable addi-
tional discomfort. This should also be managed with
appropriate myofascial techniques, trigger point dry
needling, and gentle stretching.

Synovitis
Synovitis (Fig. 28.16) is often seen in sportspeople
with other intra-articular hip pathology—whether
FAI labral tears, ligamentum teres tears or chon-
dropathy. One surgical study found synovitis coexist-
ing in 70% of sportspeople with hip joint pathology.?
It is rarely seen as a primary entity. Synovitis can
cause considerable pain in the hip joint, with night
pain and pain at rest being common presentations.
Synovitis is a concern to the clinician because
of the pain and the associated changes in muscle



Figure 28.16 Synovitis

activation that are seen around the hip in the pres-
ence of pain. In addition, the implications of synovial
dysfunction on cytokine production, nutrition, and
hydration of articular cartilage, which may already
show signs of chondropathy, are significant for the
long-term health of the hip joint.

Management should be aimed to addressing the
other coexisting pathology, restoring normal neuro-
motor control around the hip, modifying loads, and
also anti-inflammatory treatment such as oral non-
steroidal anti-inflammatory drugs (NSAIDs) or intra-
articular injection.

Chondropathy
Changes to the chondral surfaces of the hip are
often seen in conjunction with other hip pathologies
(Fig. 28.17). It is well reported that the presence of
FALS> & 139 decreased acetabular anteversion,” labral
pathology,™ 4 and developmental dysplasia of the
hip (DDH)® 748 will lead to an increased risk of chon-
dropathy and ultimately osteoarthritis of the hip. In
patients with significant labral pathology, chondral
loss is often up to 70% of the full thickness—or
Outerbridge grade III or IV.57

A study examining hip pathology in AFL football-
ers found that full-thickness chondral loss of >30%
of the acetabular depth anteriorly was found in 52%
of players, who also all had labral tears and FAI> It
is also proposed that the presence of longstanding
synovitis may also affect the nutrition of chondral
surfaces, possibly exacerbating chondral damage.

The majority of chondral lesions are seen on the
anterior or superior aspect of the acetabular rim, at
the chondrolabral junction.> s This is not surprising
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Figure 28.17 (a) Chondral lesion (acetabular side)

(b) Arthroscopic view of severe chondral damage
secondary to FAI

considering that this is also the location for the
majority of cam and pincer lesions, and the majority
of labral tears.

Developmental dysplasia of the hip (DDH) also
involves a reduction in the bony coverage of the
femoral head by the acetabulum; thus the anteri-
orly directed forces of the femoral head will be con-
centrated on a smaller surface area on the anterior
aspect of the joint.

The clinical diagnosis of chondropathy may be
confirmed with plain radiographs, although early
chondral changes will not visible. MRI may iden-
tify earlier chondral lesions, although the extent of

529




Regional problems

chondropathy is often only evident on hip arthros-
copy.> 57

Chondropathy is difficult to manage and may
be difficult to confirm in the early stages without
arthroscopic confirmation. If suspected, the man-
agement again is similar to that of labral pathol-
ogy, as the majority of chondral lesions of the hip
occur in the anterior aspect of the acetabular rim
at the chondrolabral junction. As such, this region
should be unloaded in the same fashion as labral
pathology, with an emphasis on regaining normal
neuromotor control of the hip. Recent evidence has
shown atrophy in inferior gluteus maximus and
hypertrophy in gluteus medius in osteoarthritis, with
atrophy also occurring in gluteus medius in severe
osteoarthritis.s 59

Attempts to minimize synovitis should also be
made, as the synovium and synovial fluid play an
important role in articular cartilage nutrition. Obesity
and lack of exercise aggravate the symptoms of osteo-
arthritis. The outcomes of hip arthroscopy for indi-
viduals with significant chondral loss are generally
worse than for those with no chondral loss.™ 7 6 61
Where chondral surface damage is found, conserva-
tive measures should be attempted first, and in
some cases the sportsperson should be counseled to
modify the amount of weight-bearing activities they
undertake.

Rehabilitation of the injured hip
Rehabilitation of the injured hip requires careful con-
sideration of the interplay between pain and loading
(including progression of exercises and activities).
Importantly, due to its role in all activities of daily
living, including simple activities such as sit-to-
stand, standing, and walking, it is hard to “rest” the
hip. It is vital that the patient and the clinician have
a good understanding around monitoring joint loads
and the loading response.

The general principles of management of hip
pathology are straightforward and consistently
reported in the small amount of literature avail-
able concerning rehabilitation of the hip.* ™ 62765
Unfortunately there is no evidence available other
than clinical commentaries that evaluate the effec-
tiveness of particular principles of rehabilitation of
the hip.

The three most commonly reported principles of
rehabilitation are shown in the box.

This section discusses each of these general prin-
ciples, and then applies them to commonly seen
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conditions of the hip. We then outline the applica-
tion of these principles of management to patients
post-hip arthroscopy surgery.

Unloading and protecting damaged or
potentially vulnerable structures

The most effective way to unload and protect spe-
cific structures of the hip varies slightly for different
pathology, based on the understanding of the func-
tional anatomy and biomechanics of the hip. When
addressing the loads on structures outlined below,
the principles of management of neuromotor control
and remote factors should also be applied. Managing
the load of the hip can be particularly difficult as the
sportsperson has to walk about simply for activities
of daily living. Thus it is vital that their ability to
walk, stand, and perform everyday activities such as
getting in and out of a chair is managed in such a way
that these activities do not aggravate the underlying
pathology.

Restoration of normal dynamic and
neuromotor control

Restoration of dynamic and neuromotor control
around the hip follows the same principles as other
joints.

Phase 1: Deep hip stabilizer retraining

The short hip external rotator (SHER) muscles are
those with the greatest capacity to provide dynamic
stabilization of the hip (see above). Retraining of
these deep hip stabilizers may be undertaken in the
early stages of rehabilitation. As it does with other
pain conditions,®® ¢ clinical observation indicates
that pain appears to inhibit effective activation of
the SHER muscles. Therefore, pain must be well
controlled.

The initial step involves educating the patient in
the role of the SHER muscles to provide dynamic hip
stability, and thelocation and actions of these muscles.
The second step involves facilitating independent

Three key principles of rehabilitation

1. Unload and protect damaged or potentially
vulnerable structures within and around the joint.

2. Restore normal dynamic and neuromotor control
around the hip joint.

3. Address other remote factors that may be altering
the function of the kinetic chain.



contraction of these muscles. This is often best com-
menced in 4-point kneeling (Fig. 28.18a), where
the patient is taught to activate the SHER muscles
and then perform an isometric external rotation
contraction against minimal resistance. The aim is
to produce a low-level tonic hold of these muscles.
In this position (9o° hip flexion), the contribution
from the larger external rotator (gluteus maximus)
is reduced (see the section about joint structure and
muscle function earlier in this chapter), thus ena-
bling more specificity of activation for the SHER
muscles.

Both the patient and the clinician must be confid-
ent that the deep hip stabilizers are activated and a
real-time ultrasound machine may assist with provid-
ing feedback. Progression of the retraining includes
providing different levels of resistance, number of
repetitions, and speed of movements. Other progres-
sions include increasing the amount of hip flexion,
and decreasing the support (i.e. lifting one hand)
to increase the balance demands and challenge to
lumbopelvic stability.

Further progressions include activation of the deep
hip stabilizers (Fig. 28.18D) in a variety of degrees of
hip range of motion and in various functional posi-
tions as the activity of the sportsperson demands, and
can be assessed using a real-time ultrasound in these
varying positions. For example, a sportsperson who
performs regularly in positions of hip flexion such as
a deep squat should ultimately perform muscle acti-
vation in this position.

Phase 2: Gluteus maximus retraining
Gluteus maximus plays an important role in gen-
erating extension and external rotation torque, and
has the potential to provide hip stabilization by
resisting anterior hip force.?® 3 Facilitation of inde-
pendent gluteus maximus contraction may be best
commenced prone (Figs 28.19a, b overleaf), where
the patient is taught to perform an isometric exter-
nal rotation contraction against minimal resistance
(low-level tonic hold of these muscles). As with the
SHER muscles, feedback may assist in ensuring that
the muscle is activated. Since the gluteus maximus
is more superficial, feedback may be provided by pal-
pation, surface EMG biofeedback, or real-time ultra-
sound machine.

The activation of the gluteus maximus should be
undertaken in a variety of degrees of hip range of
motion determined by the functional demands the
athlete’s activity requires, and can be assessed using
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Figure 28.18 Deep hip stabilizer strengthening
exercises

(a) Activation of the SHER muscles in 4-point kneel
with theraband and resistance. The degree of difficulty
can be progressed by decreasing or increasing the
level of resistance, changing the speed of activation
and increasing the number of repetitions. The
challenge to the core can also be increased by
lifting one hand off the floor in this position, and the
degree of hip flexion or extension, and abduction or
adduction can be altered based on the needs of the
sportsperson

(b) Progression of activation of deep hip stabilizers into
a closed chain position, ensuring adequate deep hip
external rotators, gluteus maximus, lateral pelvic, and
core stability

a real-time ultrasound in these varying positions. For
example, hip abduction and external rotation, or hip
adduction and internal rotation for a sportsperson
who performs cutting maneuvers, or in hip flexion
for a sportsperson who is required to perform in a
deep squatting position. It should be then progressed
from open chain to closed chain and then functional
positions.
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Figure 28.19 Gluteus maximus retraining exercises—
examples of activation of gluteus maximus, in
combination with SHER muscles in prone. Real-time
ultrasound assessment can also be undertaken in this
position

(a) Prone—knee extension

(b) Knee flexion

Phase 3: Generalized strengthening
exercises
Generalized hip strengthening exercises should only
be commenced when the patient and clinician are
confident that the key stabilizing muscles can be
activated and the activation maintained. During this
phase, the aim is to restore muscle function (strength,
endurance) and proprioception. This phase remains
low-impact (Fig. 28.20a). Exercises should initially
be undertaken with specific activation of the deep
stabilizers prior to commencing the exercise. This
ensures that the sportsperson has adequate control
of the hip prior to placing it under load, which will
assist in protecting vulnerable or damaged structures
within the hip.

Generalized hip strengthening exercises should
be undertaken, based on clinical assessment. For
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example, hip abductors (predominantly gluteus
medius) should be targeted for those with reduced
hip abduction strength.

Strengthening exercises need to be targeted to
the needs of the individual, progressed according
to patient responses, and targeted to the sporting/
physical requirements. For example, a sportsperson
who regularly jumps and lands (such as a netballer or
gymnast) should incorporate these actions into their
rehabilitation program (Fig. 28.20b).

Exercises are frequently commenced in prone (to
ensure specificity and isolation of muscle activations)
or in 4-point kneeling and then progressed into func-
tional/weight-bearing positions, bilaterally and then
unilaterally (Figs 28.20c—e).

Phase 4: Functional and sports-specific
activity

Once good neuromotor control of the deep hip sta-
bilizers and global hip muscles has been regained,
functional and sport-specific activities should be
assessed, and then undertaken, both to retrain these

Figure 28.20 Generalized hip strengthening exercises
(a) An example of low-impact functional retraining of
deep hip stabilizers, ensuring adequate activation of
these muscle groups in a challenging situation without
excessive impact or load through vulnerable hip
structures



(b) Ajumping and landing task ensuring adequate
activation of deep hip, lateral pelvic, and core stabilizers
at take-off and landing

movement patterns but also ensure the sportsperson
can cope with these activities without failing.

Any retraining of functional activities should focus
on pre-activation of the deep hip stabilizers, adequate
control of the lumbar spine and pelvis during the
activity, and correct alignment of the femur during
weight-bearing tasks (Fig. 28.21 overleaf).

Retraining of hip stabilizers should be per-
formed in the positions that place the hip at great-
est risk of overload, such as direction change and
pivoting, deep squatting, and kicking. They should
also be undertaken in a repeated fashion, again to
ensure the sportsperson does not fail in a controlled
environment.

Criteria for returning to sport

The decision regarding a patient's readiness to
return to sport is made using clinical judgment of
the individual's functional capacity. In the absence
of robust scientific evidence, the following criteria
are suggested:

» performance on the one-leg hop test (or other
single-leg functional tests) at least 90% of the
uninjured side (if unilateral symptoms)

Hip-related pain Chapter 28

(c) and (d) Two examples of later-stage functional
activities with concurrent SHER muscle activation, core
activation, and functional balance and proprioceptive
challenges
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(e) Examples of later-stage functional exercises
incorporating deep hip and core stability with
proprioceptive and neuromotor control retraining

« performance on strength tests at least 90% of the
uninjured side (if unilateral symptoms)

« performance on strength test indicates balance
of muscle strength (e.g. external rotation strength
similar to internal rotation strength; flexion similar to
extension, abduction similar to adduction).

Address other remote factors that may be
altering the function of the kinetic chain
As outlined previously, a number of remote factors
(e.g. lumbopelvic control) are likely to influence the
rehabilitation of hip pain and pathology. Therefore,
all potential contributing factors should be addressed
and treated appropriately.

Surgical management of the

injured hip

Hip arthoscopy is the gold standard for the diagnosis
of early chondral, labral, or ligamentum teres pathol-
ogy, and has indications ranging from diagnostic
purposes through to removal of loose bodies, labral
tears, chondral lesions, FAI, version abnormalities,
and dysplasia.

Hip arthroscopy has evolved substantially over the
last 10 years, with improved technique and dedicated
instrument design. It is now commonly performed
to manage intra-articular hip pathologies, including
labral tears.®® Hip arthroscopy has revolutionized
hip surgery, since this minimally invasive procedure
is associated with considerably less morbidity than
open procedures.

Open surgical indications include femoral and
acetabular osteotomies for dysplasia and for treat-
ment of unusual FAI morphology. Internationally,
the number of hip arthroscopy procedures now per-
formed is growing rapidly, with 30000 procedures
performed in 2008, with this number expected to
increase by 15% annually.®

The basic principles of arthroscopic hip surgery
are to treat damaged tissues to allow the healing
process to be maximized. This often involves debri-
dement of the irreparable tissue, and stimulation of a

Figure 28.21 Retraining of functional activities—single-leg hop for distance
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healing response. The joint is assessed for mechani-
cal optimization to assist with healing and help
prevent further damage through mechanical insult.
Range of motion is critical in this assessment.
Clinically, patients presenting for hip arthroscopy
surgery tend to be grouped into two categories:

« those diagnosed with soft tissue pathology resulting
from bony morphological variations, requiring
reshaping on one or both sides of the joint to
increase the available range of motion prior to
impingement

= those not requiring bony intervention but
presenting with soft tissue injuries requiring
intervention.

The first group includes patients with FAI which
may be cam, pincer, or mixed impingement. This
group have coexisting labral pathology, ligamentum
teres pathology, or chondral lesions.

‘LRig/ Incidental findings of FAl-related morphology
| o without typical associated pain need no
7y4>°  intervention, merely education and observation.

The second group includes those with soft tissue
pathologies, but without morphological change
requiring surgical intervention. Soft tissue patholo-
gies include labral pathology, ligamentum teres
pathology, chondral lesions, synovial pathology, loose
bodies, crystalline hip arthropathy, infection, and any
combination of these. Patients with these lesions may
have co-existing issues such as dysplasia or hyper-
mobility which predispose them to such injuries,
but do not require surgical intervention. This group
also includes patients with essentially normal mor-
phology but who undergo a massive single episode
of excessive range (usually rotation) which causes
trauma to the associated soft tissues.

Hip arthroscopy is a demanding procedure with
a steep learning curve requiring advanced training.
Debridement of labrum, ligamentum teres, and
chondral surfaces require less recovery time and less
rehabilitation than more complex procedures (e.g.
labral refixation and associated rim excision, and
femoral head—neck reshaping for cam deformity).

The body of evidence examining outcomes fol-
lowing hip arthroscopy is growing rapidly, although
most studies are case series (level IV) evidence. The
majority of the literature focuses on outcomes follow-
ing surgery for FAI, labral pathology, chondropathy,
or combined pathology.
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Three systematic reviews have examined out-
comes following hip arthroscopy.®® ¢ 7° They each
concluded that short-term outcomes are generally
promising for hip arthroscopy treatment of FAI
and labral pathology, although outcomes are gener-
ally poorer if significant chondropathy is observed;
further long-term studies are required.

Ten-year outcome studies examining outcomes
in hip arthroscopy have reached similar conclusions
to the systematic reviews, mostly finding good out-
comes unless significant chondral loss is present,
with a number of those with significant chondral
loss eventually progressing to joint replacement
surgery.” 7" 7> These studies looked at all pathologies,
and are somewhat limited by the enormous change
in surgical technique that has occurred in the last
decade.

Two specific studies looked at outcomes of hip
arthroscopy in elite sportspeople.> *° The populations
included were AFL footballers and NHL ice hockey
players, both of which have a high rate of hip and groin
pain. Both studies examined FAI and labral pathol-
ogy and found good short-term outcomes, patient
satisfaction, and return-to-sport levels, although each
study was limited by the short follow up of two years.
Further longer term follow-up in sportspeople needs
to be undertaken in order to conclusively understand
the outcomes of these procedures in sportspeople.

Rehabilitation following hip arthroscopy
Rehabilitation following hip arthroscopy has been
described in the literature in a number of clinical
commentaries, and essentially follows the same
conservative principles of management outlined
above.®* %47 The individual pathology treated during
hip arthroscopy must be considered when design-
ing a postoperative rehabilitation program to ensure
the hip is adequately unloaded and protected while
healing. This generally involves a period of partial-
weight-bearing as tolerated on crutches until a pain-
free normal gait pattern is achieved.

Generally osteochondroplasties performed for the
correction of FAI must be protected for at least six
weeks, as should microfracture surgery performed
for chondral defects.

Labral debridement and repairs should be pro-
tected for 4-6 weeks, ensuring the sportsperson
avoids potential positions of impingement through
activity modification and normalization of neu-
romuscular control around the hip.
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Injuries to the ligamentum teres should be pro-
tected for six weeks by avoiding end-range positions
that place the ligament under stress, and ensuring
excellent neuromotor and proprioceptive control
around the hip.

During this initial protective phase, the sports-
person should commence active rehabilitation of the
deep hip stabilizers, initially in an isolated fashion,
and then progressing into functional activity in a safe
manner. During this time the therapist should also
address any overactivity of the secondary stabilizers
such as the long adductors, the proximal gluteals,
tensor fascia lata, and the hip flexors.

Once this protective phase is complete, the sports-
person should undertake a dynamic rehabilitation
program ensuring full strength of all muscle groups
around the hip, normal function of the whole kinetic
chain, and sport-specific activity. A full assessment
of the muscle strength and function around the hip
using real-time ultrasound and hand-held dynamom-
etry at this time can also assist in providing targeted
exercise programs to address any ongoing residual
deficits in strength or muscle activation. Generally
most sportspeople return to full sport between
three and five months postoperatively following hip
arthroscopy, although this varies depending on the
level and type of sport played, as well as the specific
pathology and surgery performed.

Os acetabulare

An os acetabulare (or os acetabuli) is defined as “a
separated fragment of bone at the rim of the hip
socket.” They have traditionally been regarded as an
unfused secondary ossification centre. The orienta-
tion of the cartilaginous growth plate is more parallel
to the joint surface (Figs. 28.22 a, b).

R4 C, Insportspeople, an os acetabulare is seen in
N\= . . .
| o conjunction with FAl and is thought to be a fatigue

744>°  fracture (Figs 28.22¢, d).

The separation line is perpendicular to the joint
surface. Similar fatigue fractures had previously
been described in severely dysplastic hips.

In a study of 495 patients treated surgically for
FAIL7+ a large osseous fragment at the anterolateral
rim was found in 18 hips. All patients presented radi-
ographically with a femoral head showing an aspher-
ical extension producing a “cam’ impingement.
Sixteen hips had a retroverted acetabulum, indicat-
ing anterior overcover. Preoperative MRIs confirmed
a fragment composed of labrum, articular cartilage,
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and bone. The gap between the stable acetabulum
and the rim fragment had a vertical orientation. All
patients had been exposed to a physically demanding
profession or contact sport, and in 15 hips no memo-
rable traumatic episode was present. The mechanism

Figure 28.22 Os acetabulare (arrows)

(a) X-ray (b) CT scan of true os acetabulare showing
orientation of the cartilaginous growth plate is more
parallel to the joint surface
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(c) and (d) are MRIs of os acetabulare due to fatigue fracture. Note the separation line perpendicular to joint

surface

(e) The labrum and articular cartilage can be damaged
at the site of the os acetabulare and can be unstable to
probe

leading to this acetabular rim fragment is thought to
be fatiguing due to femoro-acetabular impingement.
The aspheric portion of the head is jammed into the
acetabulum and with time causes a stress fracture of
the area of overcoverage of the anterior acetabulum.
The treatment of symptomatic os acetabulare is
commonly achieved during hip arthroscopy. During
acetabular rim assessment, the labrum and articular
cartilage is probed. It is common for the labrum and
articular cartilage to be damaged at the site of the
os acetabulare (Fig. 28.22e) and can be unstable to

(f) Toothpaste-like calcific debris may be removed from
the labrum

probe. During labral takedown and rim excision, the
os acetabulare is removed, and the labrum refixed to
the rim of the acetabulum. If the fragment of bone
is very large, removal may result in insufficient bony
coverage. In these cases, refixing of the fragment is
preferred.

Occasionally, toothpaste-like calcific debris
(Fig. 28.22f) similar to calcific tendinopathy of the
shoulder is removed from the labrum, and is thought
to represent a response to labral injury, which can
mimic os acetabulare on plain X-ray.
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Lateral hip pain

with ANGIE FEARON

Lateral hip pain is a common presentation particu-
larly among distance runners and women over the
age of 4o0. Traditionally lateral hip pain was thought
to be due to trochanteric bursitis. However, it appears
that tendinopathy of the gluteus medius and/or
minimus and bursa pathology probably co-exist. The
term “greater trochanter pain syndrome” (GTPS) is
now used to describe this condition.”s7¢

Greater trochanter pain syndrome (GTPS)
The anatomy of the greater trochanter and its associ-
ated tendons and bursae is shown in Figure 28.23.
There are two bursae around the greater trochanter.
The gluteus medius bursa lies beneath the tendon
of the gluteus medius and medial to the greater
trochanter. The trochanteric bursa is lateral to the
greater trochanter.

Gluteus medius tendinopathy presents with ten-
derness to palpation of the gluteus medius muscle,
and can be triggered by sudden falls, prolonged
weight-bearing on one extremity for long periods,
activity overuse, or sporting injuries. Most commonly,
this situation is observed in middle-aged women who
have commenced unaccustomed exercise (e.g. vigor-
ous walking or joining a gymnasium).

Patients report pain over the greater trochanter
which may extend into the lateral thigh, and even the
lateral leg. The pain tends to be episodic but worsen-
ing over time. Frequently, pain lying on the affected

gluteus
minimus

gluteus
/ medius
gluteus

medius
bursa

__—trochanteric
bursa

gluteus

maximus
(cut)

greater
trochanter

Figure 28.23 The anatomy of the greater trochanter
and its associated tendons and bursae
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side at night is the most distressing symptom,

although pain with, or following, weight-bearing
activities is likely to be identified. As with other
tendon problems, the cumulative load over three
days needs to be drawn from the patient in order to
identify the aggravating factors.

Palpation of the greater trochanter produces the
“jump sign’—the person nearly leaps off the bed.
Range of movement tests for flexion, adduction,
abduction, and the rotations in o° and 9o° flexion are
normal or slightly increased, although muscle spasm
may affect these. The FABER test is frequently posi-
tive, while Ober’s test (Chapter 34) may or may not
be positive.

Resisted external rotation and abduction muscles
tests are reported to aid with the diagnosis; however
there is very limited evidence to support this. The
de-rotation test (Fig. 28.11f) may assist.

The step up and down test (Fig. 28.11i) may help
differentiate between tendinopathy, tears, and hip
osteoarthritis. Those with more severe GTPS report
higher levels of pain with stepping up forwards onto
the step, and down sideways off the step. Those with
less severe presentation have pain with the hip hitch
with external and/or internal rotation. A report of
groin pain with these activities is likely if the person
has hip joint pathology (e.g. chondropathy, osteoar-
thritis) in addition to lateral hip pain.

A Trendelenburg gait, and weakness may be
present. Differentiating between pain inhibition and
true weakness is important. These symptoms specifi-
cally affect runners, possibly due to the tilting of the
pelvis with running.

Diagnostic ultrasound can be performed to deter-
mine if fluid is present in the bursa or thickening
exists about the bursa, and to look for echogenic
changes that are consistent with tendinopathy and
tears.”” 7 Magnetic resonance imaging (MRI) dem-
onstrates tendinopathy and tears of the gluteus
medius7 % (Fig. 28.24).

Treatment
The principles of treating GTPS are similar to the
treatment of other tendinopathies:

= Control pain by minimizing the compression on the
greater trochanter and managing the load on the
tendons.

« Strengthen the gluteal muscles.®

« Treat the comorbidities.®



Figure 28.24 MRI appearances of gluteus medius
abnormalities
(a) Tendinopathy

(b) Tendon tear

Managing pain

In the acute phase, treatment of GTPS consists of
relative rest, ice, iliotibial band soft tissue work to
improve compliance, taping, gaining good gluteal
muscle control, and NSAIDs and paracetamol.
Patients should be checked for hip abduction and
rotation control in activities of daily living (e.g.
getting out of a chair, climbing stairs, and standing).
As the patient improves, sport-specific activities such
as running, jumping, and hopping should be ana-
lyzed. Runners should avoid banked tracks or roads
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with excessive camber when resuming their running
program.

Shock wave therapy has been shown to be effec-
tive in the treatment of GTPS.%" %

Recalcitrant cases may respond to a local corticos-
teroid injection. A peritendinous ultrasound-guided
corticosteroid injection has been shown to be an
effective treatment of gluteus medius tendinopathy;
72% of the patients showed a clinically significant
improvement in pain level, which was defined as a
reduction in the VAS pain score of 230%.54 However,
another study demonstrated that less than 50% of
subjects had a positive outcome three months after
the injection.®

It is essential that a corticosteroid injection is only
regarded as one part of the treatment—as a means to
reduce pain and enable the patient to commence a
muscle strengthening and postural control program,
which is the key to the treatment process.

Strengthening the gluteal (and other lower leg/
trunk) muscles

The following exercises are designed to enhance
the control and strength of the gluteal muscles in
people with GTPS, and can be taught in addition to
lumbopelvic control work (Chapter 14). Importantly,
in people with GTPS, positions of hip adduction may
be associated with increased pain and hence exer-
cises such as “clams” into hip adduction may be best
avoided.

In prone, with the leg slightly abducted, knee flexed
90°, the patient is instructed to medially and laterally
rotate their hip within pain limits. Gaining excellent
control of this movement through range—including
lateral rotation—provides both concentric and eccen-
tric activity of gluteus medius and minimus muscles
in an unloaded situation. This exercise should be
repeated in varying degrees of hip flexion (prone over
pillows or a bolster), as this targets the anterior fibers
of gluteus minimus and medius and the middle fibers
of gluteus medius. Progression of this exercise is to
add ankle weights (using response to load as a guide).

Hip extension and abduction in prone over pillows
(hip flexion) and/or bilateral bridging (knees and feet
apart to reduce hip adduction) is also useful (Fig.
28.18 on page 531).

Hip abduction strengthening should be avoided in
the initial stages of GTPS because it provokes symp-
toms. Hip abduction should only be commenced
when the patient has good control of the deep hip
stabilizers, and it should commence in positions of
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hip abduction initially. As the acute stage resolves,
hip abductor strengthening is important and may be
achieved in the aquatic environment.

As the patient gains control and strength of gluteal
muscles, the clinician should progress the difficulty
of exercises. Options include single-leg standing with
contralateral hand on a bench or backing against a
wall (Fig. 28.25a) to gain static pelvic control, pro-
gessing to no assistance (Fig. 28.25b), and more chal-
lenging balance exercises (Fig. 28.25¢). Rubber-band
type (resistance) exercises need to be introduced
very carefully, and the response monitored care-
fully. Pilates-style sliding boards have also been used
(Fig. 28.25d).

Treat the comorbidities

Hip-related comorbidities (e.g. osteoarthritis, labral
tears) frequently coexist with GTPS, and they should
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be addressed as outlined above.® Furthermore,
referred pain from the spine should be assessed and
treated as appropriate.

Gluteus medius tendon tears

Gluteus medius and minimus tendon tears are
common in older patients. This can be confirmed
on MRI? (Fig. 28.24b). In patients where the tear
remains symptomatic despite conservative manage-
ment, various surgical options are currently avail-
able. Up to 60% obtain relief from an arthroscopic
bursectomy, although some patients will go on to a
repair of the tendon.3*87

]

Examination of the hip is in the Clinical Sports Medicine
masterclasses at www.clinicalsportsmedicine.com.



Hip-related pain Chapter 28

(c)

(a)

(b) (d)
Figure 28.25 Examples of exercises that provide increasingly greater challenges to improve strength and control of
gluteal muscles

541



I0.

II.

I2.

13.

542

. Orchard J, Seward H. 2008-2009 AFL injury report,

www.afl.com.au/injury%2oreport/tabid/13706 /default.

aspx.

. Singh PJ, O’Donnell JM. The outcome of hip

arthroscopy in Australian Football League players:

a review of 27 hips. Arthroscopy 2010;26(6):743-9.
Crawford MJ, Dy CJ, Alexander JW et al. The
biomechanics of the hip labrum and the stability of the
hip. Clin Orth Rel Res 2007(4065):16-22.

. Stihelin L, Stihelin T, Jolles BM et al. Arthroscopic

offset restoration in femoroacetabular cam
impingement: accuracy and early clinical outcome.
Arthroscopy 2008; 24(1):51-7.

Beck M, Kalhor M, Leunig M et al. Hip morphology
influences the pattern of damage to the acetabular
cartilage. Femoroacetabular impingement as a cause
of early osteoarthritis of the hip. | Bone Joint Surg Br
2005;87(7):1012—-18.

. Domayer SE, Mamisch TC, Kress I et al. Radial

dGEMRIC in developmental dysplasia of the hip and
in femoroacetabular impingement: preliminary results.

Osteoarth Cart 2010;18(11):1421-8.

. Hapa O, Yiiksel HY, Muratli HH et al. Axial plane

coverage and torsion measurements in primary
osteoarthritis of the hip with good frontal plane
coverage and spherical femoral head. Arch Orth Trauma

Surg 2010;130(10):1305-10.

. Ito K, Minka Ii MA, Leunig M et al. Femoroacetabular

impingement and the cam-effect. A MRI-based
quantitative anatomical study of the femoral head-neck

offset. | Bone Joint Surg Br 2001;83(2):171-6.

. McCarthy JMD, Noble PP, Aluisio FV et al. Anatomy,

pathologic features, and treatment of acetabular labral
tears. [Report]. Clin Orth Rel Res 2003;406(1):38—47.
Philippon M]J, Weiss DR, Kuppersmith DA et

al. Arthroscopic labral repair and treatment of
femoroacetabular impingement in professional hockey
players. Am J Sports Med 2010;38(1):99-104.

Tanzer M, Noiseux N. Osseous abnormalities and early
osteoarthritis: the role of hip impingement. Clin Orthop
Relat Res 2004(429):170-7.

Ganz R, Parvizi ], Beck M et al. Femoroacetabular
impingement: a cause for osteoarthritis of the hip.

Clin Orth Rel Res 2003(417):112—20.

Parvizi ], Bican O, Bender B et al. Arthroscopy

for labral tears in patients with developmental
dysplasia of the hip: a cautionary note. | Arthroplasty
2009;24(6 Suppl):110-13.

20.

2I1.

22.

23.

24.

25.

26.

27.

28.

29.

30.

. Burnett RS]J, Della Rocca GJ, Prather H et al.

Clinical presentation of patients with tears of

the acetabular labrum. J Bone Joint Surg Am
20006;88(7):1448-57.

Bardakos NV, Villar RN. The ligamentum teres of the
adult hip. J Bone Joint Surg Br 2009;91(1):8-15.

. Byrd JW, Jones KS. Hip arthroscopy in athletes.

Clin Sports Med 2001;20(4):749-61.

Byrd JWT, Jones KS. Prospective analysis of hip
arthroscopy with 1o-year followup. Clin Orth Rel Res
2010;468(3):741-6.

. Stem E, O’Connor M, Kransdorf M et al. Computed

tomography analysis of acetabular anteversion and

abduction. Skel Radiol 2006;35(6):385—9.

. Lewis CL, Sahrmann SA. Acetabular labral tears.

Phys Ther 2006;86(1):110—21.

Petersen W, Petersen F, Tillmann B. Structure and
vascularization of the acetabular labrum with regard
to the pathogenesis and healing of labral lesions.
Arch Ortho Trauma Surg 2003;123(6):283-8.

Kim SJ, Choi NH, Kim HJ. Operative hip arthroscopy.
Clin Orthop Relat Res 1998(353):156-065.

Narvani AA, Tsiridis E, Tai CC et al. Acetabular labrum
and its tears. Br ] Sports Med 2003;37(5):207-11.
Ferguson SJ, Bryant JT, Ganz R et al. The acetabular
labrum seal: a poroelastic finite element model.

Clin Biomech 2000;15(6):463-8.

Konrath GA, Hamel AJ, Olson SA et al. The role of
the acetabular labrum and the transverse acetabular
ligament in load transmission in the hip. ] Bone Joint
Surg Am1998;80(12):1781-8.

Rao J, Zhou YX, Villar RN. Injury to the ligamentum
teres. Mechanism, findings, and results of treatment.
Clin Sports Med 2.001;20(4):791-9.

Leunig M, Beck M, Stauffer E et al. Free nerve endings
in the ligamentum capitis femoris. Acta Orth Scand
2000;71(5):1452—4.

Norkin C, Levangie P. Joint structure and function.
Philadelphia: F.A. Davis Company 1983.

Neumann DA. Kinesiology of the hip: a focus

on muscular actions. | Orth Sports Phys Ther
2010;40(2):82-94.

Ward SR, Winters TM, Blemker SS. The architectural
design of the gluteal muscle group: implications for
movement and rehabilitation. | Orth Sports Phys Ther
2010;40(2):95-102.

Levangie PK, Norkin CC. Joint structure and function.
A comprehensive analysis. 4th edn rev. United States:

F.A. Davis Company 2005.



3L

32.

33

34

35-

36.

37-

38.

39-

40.

41.

42.

43

44.

Correa TA, Crossley KM, Kim HJ et al. Contributions of
individual muscles to hip joint contact force in normal
walking. | Biomech 2010;43(8):1618-22.

Delp SL, Hess WE, Hungerford DS et al. Variation

of rotation moment arms with hip flexion. | Biomech
1999;32(5):493-50T.

Blembker SS, Delp SL. Three-dimensional
representation of complex muscle architectures and
geometries. Ann Biomed Eng 2005;33(5):661-73.

Weir A,de Vos R, Moen M et al. Prevalence of
radiological signs of femoroacetabular impingement in
patients presenting with long-standing adductor-related
groin pain. Br ] Sports Med 2.011;45(1):16-19.

Bradshaw CJ, Bundy M, Falvey E. The diagnosis of
longstanding groin pain: a prospective clinical cohort
study. Br J Sports Med 2008;42(10):551—4.

Allen D, Beaulé PE, Ramadan O et al. Prevalence of
associated deformities and hip pain in patients with
cam-type femoroacetabular impingement. J Bone Joint
Surg Br 2009;91(5):589-94.

Siebenrock KA, Schoeniger R, Ganz R. Anterior
femoro-acetabular impingement due to acetabular
retroversion. Treatment with periacetabular osteotomy.
] Bone Joint Surg Am 2003;85(2):278-86.

Pollard TCB, Villar RN, Norton MR et al.
Femoroacetabular impingement and classification of
the cam deformity: the reference interval in normal
hips. Acta Orthop 2010;81(1):134—41.

Bardakos NV, Vasconcelos JC, Villar RN. Early outcome
of hip arthroscopy for femoroacetabular impingement:
the role of femoral osteoplasty in symptomatic
improvement. | Bone Joint Surg Br 2008;90(12):1570-5.
Byrd JWT, Jones KS. Arthroscopic femoroplasty

in the management of cam-type femoroacetabular
impingement. Clin Orth Rel Res 2009;467(3):739—406.
Mitchell B, McCrory P, Brukner P et al. Hip joint
pathology: clinical presentation and correlation between
magnetic resonance arthrography, ultrasound, and
arthroscopic findings in 25 consecutive cases. Clin |
Sport Med 2003;13(3):152—6.

Lequesne M, Mathieu P, Vuillemin-Bodaghi V et al.
Gluteal tendinopathy in refractory greater trochanter
pain syndrome: diagnostic value of two clinical tests.
Arthritis Rheum 2008;59(2):241-6.

McCarthy JC, Noble PC, Schuck MR et al. The
watershed labral lesion: its relationship to early arthritis
of the hip. J Arthroplasty 2001;16(8 Suppl 1):81—;.
McCarthy JC, Noble PC, Schuck MR et al. The role of
labral lesions to development of early degenerative hip

disease. Clin Orth Rel Res 2001(393):25-37.

45.

46.

47.

48.

49

50.

SIL.

52.

53-

54-

55

56.

57

58.

59-

Hip-related pain hapter 28

Narvani AA, Tsiridis E, Kendall S et al. A preliminary
report on prevalence of acetabular labrum tears in
sports patients with groin pain. Knee Surg Sports
Traumatol Arthrosc 2003;11(6):403-8.

Martin RL, Enseki KR, Draovitch P et al. Acetabular
labral tears of the hip: Examination and diagnostic
challenges. | Orth Sports Phys Ther 2006;36(7):503-T5.
Dorrell JH, Catterall A. The torn acetabular labrum.

J Bone Joint Surg Br 1986;68(3):400-3.

McCarthy JC, Lee JA. Acetabular dysplasia: a paradigm
of arthroscopic examination of chondral injuries.

Clin Orth Rel Res 2002(405):122-8.

Farjo LA, Glick JM, Sampson TG. Hip arthroscopy for
acetabular labral tears. Arthroscopy 1999;15(2):132-7.
Lewis CL, Sahrmann SA, Moran DW. Anterior hip
joint force increases with hip extension, decreased
gluteal force, or decreased iliopsoas force. | Biomech
2007;40(16):3725-31.

Seldes RM, Tan V, Hunt | et al. Anatomy, histologic
features, and vascularity of the adult acetabular labrum.
Clin Orth Rel Res 2001(382):232—40.

Lewis CL, Sahrmann SA, Moran DW. Effect of hip
angle on anterior hip joint force during gait. Gait
Posture 2010;32(4):603—7.

Gray AJR, Villar RN. The ligamentum teres of the

hip: an arthroscopic classification of its pathology.
Arthroscopy 1997;13(5):575—8.

Byrd JWT, Jones KS. Diagnostic accuracy of clinical
assessment, magnetic resonance imaging, magnetic
resonance arthrography, intra-articular injection

in hip arthroscopy patients. Am J Sports Med
2004;32(7):1668-74.

O’Donnell JM, Haviv B, Tikva P et al. Outcome of
arthroscopic debridement of the isolated ligament teres
tear. ISHA Annual Scientific Meeting. Cancun, Mexico,
2010.

Bates D, O’Donnell JM, Pritchard M et al. Assessment
of a test to identify presence of ligamentum teres
pathology Submitted for publication.

McCarthy JC, Lee JA. Hip arthroscopy: indications,
outcomes, and complications. | Bone Joint Surg Am
2005;87(5):1138—45.

Grimaldi A, Richardson C, Durbridge G et al. The
association between degenerative hip joint pathology
and size of the gluteus maximus and tensor fascia lata
muscles. Man Ther 2009;14(6):611-17.

Grimaldi A, Richardson C, Stanton W et al. The
association between degenerative hip joint pathology
and size of the gluteus medius, gluteus minimus and

piriformis muscles. Man Ther 2009;14(6):605-10.

543




Regional problems

6Go.

61

62.

63.

64.

65.

66.

67.

68.

69.

70.

7I.

72.

73

74-

544

Baldwin KD, Harrison RA, Namdari S et al. Outcomes
of hip arthroscopy for treatment of femoroacetabular
impingement: a systematic review. Curr Orth Prac
2009;20(6):669-73.

Bedi A, Chen N, Robertson W et al. The management
of labral tears and femoroacetabular impingement

of the hip in the young, active patient. Arthroscopy
2008;24(10):1135-45.

Enseki KR, Martin R, Kelly BT. Rehabilitation after
arthroscopic decompression for femoroacetabular
impingement. Clin Sports Med 2010;29(2):247-55.
Shindle MK, Domb BG, Kelly BT. Hip and

pelvic problems in athletes. Op Tech Sports Med
2007;15(4):195-203.

Stalzer S, Wahoff M, Scanlan M. Rehabilitation
following hip arthroscopy. Clin Sports Med
2006;25(2):337-57-

Tyler TF, Nicholas SJ, Campbell R] et al. The
association of hip strength and flexibility with the
incidence of adductor muscle strains in professional ice
hockey players. Am | Sports Med 2001;29(2):124-8.
Hodges PW, Richardson CA. Inefficient muscular
stabilisation of the lumbar spine associated with low
back pain: a motor control evaluation of transversus
abdominus. Spine 1996;21:2640-50.

Hodges PW, Mellor R, Crossley K et al. Pain induced
by injection of hypertonic saline into the infrapatellar
fat pad and effect on coordination of the quadriceps
muscles. Arthritis Rheum 2009;61(1):70-7.

Philippon M], Stubbs AJ, Schenker ML et al.
Arthroscopic management of femoroacetabular
impingement: osteoplasty technique and literature
review. Am ] Sports Med 2007;35(9):1571-80.
Millenium Research Group. US markets for
arthroscopy devices 2009. www.mrg.net

Robertson WJ, Kadrmas WR, Kelly BT. Arthroscopic
management of labral tears in the hip: a systematic
review of the literature. Clin Orthop Relat Res
2007;455:88-92.

Byrd JWT, Jones KS. Hip arthroscopy for labral
pathology: prospective analysis with 10-year follow-up.
Arthroscopy 2009;25(4):365-68.

Byrd JWT, Jones KS. Hip arthroscopy in athletes:
1o-year follow-up. Am | Sports Med 2009;37(11):2140-3.
Philippon M], Christensen JC, Wahoff MS.
Rehabilitation after arthroscopic repair of intra-articular
disorders of the hip in a professional football athlete.
J Sport Rehab 2009;18(1):118-34.

Martinez AE, Li SM, Ganz R et al. Os acetabuli in

femoro-acetabular impingement: stress fracture or

75-

76.

77-

78.

79-

8o.

8.

82.

83.

84.

8s.

86.

87.

unfused secondary ossification centre of the acetabular
rim? Hip Int 2006;16(4):281-6.

Karpinski MR, Piggott H. Greater trochanteric pain
syndrome. A report of 15 cases. | Bone Joint Surg Br
1985;67(5):762-3.

Strauss EJ, Nho SJ, Kelly BT. Greater trochanteric pain
syndrome. Sports Med Arthrosc 2010;18(2):113-19.
Connell DA, Bass C, Sykes CA et al. Sonographic
evaluation of gluteus medius and minimus
tendinopathy. Eur Radiol 2003;13(6):1339—47.

Fearon AM, Scarvell JM, Cook JL et al. Does ultrasound
correlate with surgical or histologic findings in greater
trochanteric pain syndrome? A pilot study. Clin Orthop
Relat Res 2010;468(7):1838-44.

Kingzett-Taylor A, Tirman PF, Feller | et al. Tendinosis
and tears of gluteus medius and minimus muscles

as a cause of hip pain: MR imaging findings. Am |
Roentgenol 1999;173 1123-6.

Blankenbaker DG, Ullrick SR, Davis KW et al.
Correlation of MRI findings with clinical findings

of trochanteric pain syndrome. Skeletal Radiol
2008;37(10):903-9.

Rompe |D, Segal NA, Cacchio A et al. Home training,
local corticosteroid injection, or radial shock wave
therapy for greater trochanter pain syndrome. Am |
Sports Med 2009;37(10):1981-90.

Sayegh F, Potoupnis M, Kapetanos G. Greater
trochanter bursitis pain syndrome in females with
chronic low back pain and sciatica. Acta Orthop Belg
2004;70(5):423-8.

Furia ], Rompe JD, Maffulli N. Low-energy
extracorporeal shock wave therapy as a treatment for
greater trochanteric pain syndrome. Am J Sports Med
2009;37(9):1806-13.

Labrosse JM, Cardinal E, Leduc BE et al. Effectiveness
of ultrasound-guided corticosteroid injection for the
treatment of gluteus medius tendinopathy. AJR Am |
Roentgenol 2010;194:202—6.

Cvitanic O, Henzie G, Skezas N et al. MRI diagnosis of
tears of the hip abductor tendons (gluteus medius and
gluteus minimus). AJR Am | Roentgenol 2004;182:
137-43.

Lequesne M, Djian P, Vuillemin V et al. Prospective
study of refractory greater trochanter pain syndrome.
MRI findings of gluteal tendon tears seen at surgery.
Clinical and MRI results of tendon repair. Joint Bone
Spine 2008;75(4):458-64.

Voos JE, Shindle MK, Pruett A et al. Endoscopic repair
of gluteus medius tendon tears of the hip. Am J Sports

Med 2009;37(4):743~7-



	CSM4e_Cover
	Binder3.pdf
	Binder2.pdf
	Prelims
	Brukner-Part A(1-16)





