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Orthopaedics in a changing world 
Since Alan Apley published the first edition of this 
book the world has changed considerably and so has 
the practice of orthopaedic surgery. In 1959, hip 
replacement was rare and had high failure rates, knee 
replacement and arthroscopy did not exist and frac-
tures were primarily treated in traction.

The last edition of this book commented on the 
projected impact of the HIV/AIDS epidemic. The 
epidemic has largely been brought under control, with 
effective treatment resulting in normal life expectancy 
for sufferers. However, in untreated individuals, the 
incidence of secondary infection such as tuberculosis 
is high and the prognosis is still dire. It is interesting 
and encouraging to note that both the National Joint 
Registry for England and Wales and the Malawian 
Joint Registry have shown that hip replacement is an 
effective treatment for patients who have multimor-
bidity which includes AIDS with no increased risk of 
early postoperative mortality compared with patients 
who do not have AIDS.

Over the lifetime of this book many treatments 
have been invented, extensively used, found to be 
ineffective or suboptimal and subsequently have 
declined dramatically in popularity. Examples of this 
include arthroscopic debridement for knee osteoar-
thritis, metal-on-metal hip replacement and excision 
arthroplasty of the distal ulna. It is important that 
we continue to challenge the efficacy of existing and 
novel treatments. In a world of increasing global need 
orthopaedics has to be proven to be efficacious and 
cost-effective. 

Since 1959, the world’s population has more than 
doubled to over 7 billion people and has aged con-
siderably. Life expectancy at birth is now 80 years in 
Europe and 74 years in Asia. There are still marked 
disparities – for instance Japan has a life expectancy 
at birth of 83  years compared to 57  years in South 
Africa – but these differences are narrowing. It is pro-
jected that by 2050 4% of the world’s population (but 
16% of Japan’s population) will be over 80  years of 
age. Between 2010 and 2050 the proportion of the 
population aged over 65  years will double in most 

countries, and it is predicted to increase from 5% to 
11% in South Africa, 5% to 13% in India and 17% to 
36% in Spain.

Orthopaedics remains as relevant a speciality as 
ever, treating a large burden of the world’s morbid-
ity. However, the nature of care has changed, with 
a much lower burden of chronic musculoskeletal 
infections today and a steeply rising incidence of joint 
replacement for primarily degenerative conditions. 
The World Health Organization estimates that 10% 
of men and 18% of women aged over 60 years have 
symptomatic osteoarthritis. Total knee and total 
hip replacement are now the second and third com-
monest elective operative procedures performed in 
developed countries. For example, in England and 
Wales, which have a combined population of approx-
imately 55 million people, over 170 000 hip and knee 
replacements are performed annually. The provision 
of arthroplasty varies greatly, with 226 knee replace-
ments per 100 000 population performed annually 
in the United States of America compared to only 
3 per 100 000 population in neighbouring Mexico. 
Increasingly the outcomes of common procedures, 
such as arthroplasty and fractured neck of femur fix-
ation, are being monitored by national registries in 
a wide range of countries and healthcare settings. It 
is heartening that even low-income countries such as 
Malawi have established implant registries which are 
providing clinically important data. As the prevalence 
of infectious diseases declines in low-income coun-
tries and people live longer, more health resources 
will be spent on treating long-term conditions of the 
elderly such as osteoarthritis. 

Accidents and emergencies still represent a major 
healthcare burden. Over 1.25 million people die 
worldwide annually as a result of road traffic acci-
dents. The majority of these occur in Asia. Millions 
more are seriously injured. Injuries from road traf-
fic accidents are the third largest cause of morbidity 
among adult males. Orthopaedic care remains of par-
amount importance for effectively and quickly return-
ing patients as closely as possible to their pre-injury 
state and thereby allowing them to participate fully 
in society. 

PREFACE 
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The provision of health care and resources varies 
considerably between countries: Greece has 6.3 doc-
tors per 1000 population, South Africa has 0.8 and 
India only 0.7. While the number of doctors practis-
ing in some countries has remained relatively static, in 
Australia and the United Kingdom there has been an 
increase of over 50% in the number of registered doc-
tors in the past decade. Part of this is due to migration 
of doctors, which may exacerbate shortages in low-in-
come countries. More than 40 000 foreign-trained 
doctors, including an author of this preface, work in 
the United Kingdom, nearly half of whom come from 
India and Pakistan. In Israel, New Zealand, Norway 
and Ireland over a third of practising doctors are for-
eign-trained. Movement of doctors between coun-
tries promotes the spread of ideas and innovation and 
improves training. However, there is a natural gravi-
tation of expertise towards countries that offer higher 
remuneration and better working conditions at the 

expense of low- and middle-income countries. The 
United States of America spends $8713 per capita on 
health care, while China spend $649 and India $215.

With rapidly increasing per capita GDP in countries 
such as China and India, the demographics of health 
care will change markedly over the next decade. The 
relative need to treat infection and injury will hope-
fully decline, but this will inevitably be coupled with 
an increase in treatments for longer-term musculo-
skeletal conditions. 

Ashley W. Blom
David Warwick

Michael R. Whitehouse
Bristol and Southampton, 2017

Data are publically available from the OECD at:
http://www.oecd-ilibrary.org/social-issues- 
migration-health/health-at-a-glance_19991312# 

http://www.oecd-ilibrary.org/social-issues-migration-health/health-at-a-glance_19991312#
http://www.oecd-ilibrary.org/social-issues-migration-health/health-at-a-glance_19991312#


PREFACE TO THE 
NINTH EDITION

When Alan Apley produced the first edition of his 
System of Orthopaedics and Fractures 50 years ago 
he saw it as an aid to accompany the courses that he 
conducted for aspiring surgeons who were preparing 
for the FRCS exams. With characteristic humour, 
he called the book ‘a prophylactic against writer’s 
cramp’. Pictures were unnecessary: if you had any 
sense (and were quick enough to get on the heavily 
oversubscribed Apley Course), you would be treated 
to an unforgettable display of clinical signs by one of 
the most gifted of teachers.

You also learnt how to elicit those signs by using 
a methodical clinical approach – the Apley System. 
The Fellowship exam was heavily weighted towards 
clinical skills. Miss an important sign or stumble over 
how to examine a knee or a finger and you could fail 
outright. What Apley taught you was how to order 
the steps in physical examination in a way that could 
be applied to every part of the musculoskeletal sys-
tem. ‘Look, Feel, Move’ was the mantra. He liked 
to say that he had a preference for four-letter words. 
And always in that order! Deviate from the System by 
grasping a patient’s leg before you look at it minutely, 
or by testing the movements in a joint before you feel 
its contours and establish the exact site of tenderness 
and you risked becoming an unwilling participant in 
a theatrical comedy.

Much has changed since then. With each new edi-
tion the System has been expanded to accommodate 
new tests and physical manoeuvres developed in the 
tide of super-specialization. Laboratory investigations 
have become more important and imaging techniques 
have advanced out of all recognition. Clinical classi-
fications have sprung up and attempts are now made 
to find a numerical slot for every imaginable fracture. 
No medical textbook is complete without its ‘basic 
science’ component, and advances are so rapid that 
changes become necessary within the period of writ-
ing a single edition. The present volume is no excep-
tion: new bits were still being added right up to the 
time of proofreading.

For all that, we have retained the familiar structure 
of the Apley System. As in earlier editions, the book 
is divided into three sections: General Orthopaedics, 

covering the main types of musculoskeletal disorder; 
Regional Orthopaedics, where we engage with these 
disorders in specific parts of the body; and thirdly 
Fractures and Joint Injuries. In a major departure 
from previous editions, we have enlisted the help of 
colleagues who have particular experience of con-
ditions with which we as principal authors are less 
familiar. Their contributions are gratefully acknowl-
edged. Even here, though, we have sought their per-
mission to ‘edit’ their material into the Apley mould 
so that the book still has the sound and ‘feel’ of a 
single authorial voice.

For the second edition of the book, in 1963, Apley 
added a new chapter: ‘The Management of Major 
Accidents’. Typically frank, he described the current 
arrangements for dealing with serious accidents as 
‘woefully inadequate’ and offered suggestions based 
on the government’s Interim Report on Accident 
Services in Great Britain and Ireland (1961). There 
has been a vast improvement since then and the num-
ber of road accident deaths today is half of what it was 
in the 1960s (Department of Transport statistics). 
So important is this subject that the relevant section 
has now been rewritten by two highly experienced 
Emergency and Intensive Care Physicians and is by 
far the longest chapter in the present edition.

Elsewhere the text has been brought completely up 
to date and new pictures have been added. In most 
cases the illustrations appear as composites – a series 
of images that tell a story rather than a single ‘typical’ 
picture at one moment in the development of some 
disorder. At the beginning of each Regional chapter, 
in a run of pictures we show the method of examin-
ing that region: where to stand, how to confront the 
patient and where to place our hands. For the experi-
enced reader this may seem like old hat; but then we 
have designed this book for orthopaedic surgeons of 
all ages and all levels of experience. We all have some-
thing to learn from each other.

As before, operations are described only in outline, 
emphasizing the principles that govern the choice 
of treatment, the indications for surgery, the design 
of the operation, its known complications and the 
likely outcome. Technical procedures are learnt in 
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simulation courses and, ultimately, in the operating 
theatre. Written instructions can only ever be a guide. 
Drawings are usually too idealized and ‘in theatre’ 
photographs are usually intelligible only to someone 
who has already performed that operation. Textbooks 
that grapple with these impediments tend to run to 
several volumes.

The emphasis throughout is on clinical orthopae-
dics. We acknowledge the value of a more academic 
approach that starts with embryology, anatomy, bio-
mechanics, molecular biology, physiology and pathol-
ogy before introducing any patient to the reader. 
Instead we have chosen to present these ‘basic’ sub-
jects in small portions where they are relevant to the 
clinical disorder under discussion: bone growth and 
metabolism in the chapter on metabolic bone disease, 
genetics in the chapter on osteodystrophies, and so 
forth.

In the preface to the last edition we admitted our 
doubts about the value of exhaustive lists of references 
at the end of each chapter. We are even more divided 

about this now, what with the plethora of ‘search 
engines’ that have come to dominate the internet. We 
can merely bow our heads and say we still have those 
doubts and have given references only where it seems 
appropriate to acknowledge where an old idea started 
or where something new is being said that might at 
first sight be questioned.

More than ever we are aware that there is a dwin-
dling number of orthopaedic surgeons who grew 
up in the Apley era, even fewer who experienced 
his thrilling teaching displays, and fewer still who 
worked with him. Wherever they are, we trust that 
they will recognize the Apley flavour in this new 
edition. Our chief concern, however, is for the new 
readers who – we hope – will glean something that 
helps them become the next generation of teachers 
and mentors.

LS
SN

DJW



This textbook is an iterative process and for this current edition new authors have been asked to revise and 
refresh the existing text. The editors and new authors thoroughly acknowledge the contribution of those who 
have gone before them, much of whose work remains in this updated text.

Chapter 2, Infection, contains some material from 
‘Infection’ by Louis Solomon, H. Srinivasan, Surendar 
Tuli & Shunmugam Govender. The material has been 
revised and updated by the current author.

Chapter 4, Crystal deposition disorders, contains 
some material from ‘Crystal deposition disorders’ by 
Louis Solomon. The material has been revised and 
updated by the current authors.

Chapter 5, Osteoarthritis, contains some material 
from ‘Osteoarthritis and related disorders’ by Louis 
Solomon. The material has been revised and updated 
by the current authors.

Chapter 6, Osteonecrosis and osteochondritis, con-
tains some material from ‘Osteonecrosis and osteo-
chondritis’ by Louis Solomon. The material has been 
revised and updated by the current authors.

Chapter 7, Metabolic and endocrine bone disorders, 
contains some material from ‘Metabolic and endo-
crine bone disorders’ by Louis Solomon. The material 
has been revised and updated by the current authors.

Chapter 8, Genetic disorders, skeletal dysplasias and 
malformations, contains some material from ‘Genetic 
disorders, skeletal dysplasias and malformations’ by 
Louis Solomon & Deborah Eastwood. The material 
has been revised and updated by the current authors.

Chapter 9, Tumours, contains some material from 
‘Tumours’ by Will Aston, Timothy Briggs & Louis 
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Diagnosis in 
orthopaedics

1

Orthopaedics is concerned with bones, joints, mus-
cles, tendons and nerves – the skeletal system and 
all that makes it move. Conditions that affect these 
structures fall into seven easily remembered pairs:

1 Congenital and developmental abnormalities
2 Infection and inflammation
3 Arthritis and rheumatic disorders
4 Metabolic and endocrine disorders
5 Tumours and lesions that mimic them
6 Neurological disorders and muscle weakness
7 Injury and mechanical derangement

Diagnosis in orthopaedics, as in all of medicine, 
is the identification of disease. It begins from the 
very first encounter with the patient and is gradu-
ally modified and fine-tuned until we have a picture, 
not only of a pathological process but also of the 
functional loss and the disability that goes with it. 
Understanding evolves from the systematic gath-
ering of information from the history, the physical 
examination, tissue and organ imaging and special 
investigations. Systematic, but never mechanical; 
behind the enquiring mind there should also be what 
D. H. Lawrence has called ‘the intelligent heart’. It 
must never be forgotten that the patient has a unique 
personality, a job and hobbies, a family and a home; 
all have a bearing upon, and are in turn affected by, 
the disorder and its treatment.

HISTORY

‘Taking a history’ is a misnomer. The patient tells a 
story; it is we the listeners who construct a history. 
The story may be maddeningly disorganized; the 
history has to be systematic. Carefully and patiently 
compiled, it can be every bit as informative as exam-
ination or laboratory tests.

As we record it, certain key words and phrases will 
inevitably stand out: injury, pain, stiffness, swelling, 
deformity, instability, weakness, altered sensibility 

and loss of function or inability to do certain things 
that were easily accomplished before.

Each symptom is pursued for more detail: we need 
to know when it began, whether suddenly or gradu-
ally, spontaneously or after some specific event; how it 
has changed or progressed; what makes it worse; what 
makes it better.

While listening, we consider whether the story 
fits some pattern that we recognize, for we are 
already thinking of a diagnosis. Every piece of infor-
mation should be thought of as part of a larger pic-
ture which gradually unfolds in our understanding. 
The surgeon-philosopher Wilfred Trotter (1870–
1939) put it well: ‘Disease reveals itself in casual 
parentheses.’

SYMPTOMS

Pain
Pain is the most common symptom in orthopaedics. 
It is usually described in metaphors that range from 
inexpressively bland to unbelievably bizarre – descrip-
tions that tell us more about the patient’s state of mind 
than about the physical disorder. Yet there are clearly 
differences between the throbbing pain of an abscess 
and the aching pain of chronic arthritis, between the 
‘burning pain’ of neuralgia and the ‘stabbing pain’ of 
a ruptured tendon.

Severity is even more subjective. High and low 
pain thresholds undoubtedly exist, but pain is as 
bad as it feels to the patient, and any system of ‘pain 
grading’ must take this into account. The main 
value of estimating severity is in assessing the prog-
ress of the disorder or the response to treatment. 
The commonest method is to invite the patient to 
mark the severity on an analogue scale of 1–10, 
with 1 being mild and easily ignored, and 10 being 
totally unbearable. The problem about this type of 
grading is that patients who have never experienced 
very severe pain simply do not know what 8 or 9 or 
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1 10 would feel like. The following is suggested as a 
simpler system:

Grade I (mild) Pain that can easily be ignored
Grade II (moderate) Pain that cannot be ignored, 

interferes with function and needs attention or 
treatment from time to time

Grade III (severe) Pain that is present most of the 
time, demanding constant attention or treatment

Grade IV (excruciating) Totally incapacitating pain

Identifying the site of pain may be equally vague. Yet 
its precise location is important, and in orthopaedics 
it is useful to ask the patient to point to – rather than 
to say – where it hurts. Even then, do not assume 
that the site of pain is necessarily the site of pathol-
ogy; ‘referred’ pain and ‘autonomic’ pain can be very 
deceptive.

Referred pain Pain arising in or near the skin is usu-
ally localized accurately. Pain arising in deep struc-
tures is more diffuse and is sometimes of unexpected 
distribution; thus, hip disease may manifest with pain 
in the knee (so might an obturator hernia). This is 
not because sensory nerves connect the two sites; it is 
due to inability of the cerebral cortex to differentiate 
clearly between sensory messages from separate but 
embryologically related sites. A common example is 
‘sciatica’ – pain at various points in the buttock, thigh 
and leg, supposedly following the course of the sciatic 
nerve. Such pain is not necessarily due to pressure on 
the sciatic nerve or the lumbar nerve roots; it may be 
‘referred’ from any one of a number of structures in 
the lumbar spine, the pelvis and the posterior capsule 
of the hip joint. See Figure 1.1.

Autonomic pain We are so accustomed to matching 
pain with some discrete anatomical structure and its 
known sensory nerve supply that we are apt to dismiss 
any pain that does not fit the usual pattern as ‘atypical’ 
or ‘inappropriate’ (i.e. psychologically determined). 

But pain can also affect the autonomic nerves that 
accompany the peripheral blood vessels and this is 
much more vague, more widespread and often associ-
ated with vasomotor and trophic changes. It is poorly 
understood, often doubted, but nonetheless real.

Stiffness
Stiffness may be generalized (typically in systemic dis-
orders such as rheumatoid arthritis and ankylosing 
spondylitis) or localized to a particular joint. Patients 
often have difficulty in distinguishing localized stiff-
ness from painful movement; limitation of movement 
should never be assumed until verified by examination.

Ask when it occurs: regular early morning stiff-
ness of many joints is one of the cardinal symptoms 
of rheumatoid arthritis, whereas transient stiffness of 
one or two joints after periods of inactivity is typical 
of osteoarthritis.

Locking ‘Locking’ is the term applied to the sudden 
inability to complete a particular movement. It suggests 
a mechanical block – for example, due to a loose body 
or a torn meniscus becoming trapped between the 
articular surfaces of the knee. Unfortunately, patients 
tend to use the term for any painful limitation of move-
ment; much more reliable is a history of ‘unlocking’, 
when the offending body slips out of the way.

Swelling
Swelling may be in the soft tissues, the joint or 
the bone; to the patient they are all the same. It is 
important to establish whether it followed an injury, 
whether it appeared rapidly (think of a haematoma 
or a haemarthrosis) or slowly (due to inflammation, 
a joint effusion, infection or a tumour), whether it is 
painful (suggestive of acute inflammation, infection 
or a tumour), whether it is constant or comes and 
goes, and whether it is increasing in size.

Deformity
The common deformities are described by patients in 
terms such as round shoulders, spinal curvature, knock 
knees, bow legs, pigeon toes and flat feet. Deformity 
of a single bone or joint is less easily described and the 
patient may simply declare that the limb is ‘crooked’.

Some ‘deformities’ are merely variations of the 
normal (e.g. short stature or wide hips); others dis-
appear spontaneously with growth (e.g. flat feet or 
bandy legs in an infant). However, if the deformity is 
progressive, or if it affects only one side of the body 
while the opposite joint or limb is normal, it may be 
serious (Figure 1.2).

Weakness
Generalized weakness is a feature of all chronic illness, 
and any prolonged joint dysfunction will inevitably 

(1)

(2)

(3)

(4)

(4)

Figure 1.1 Referred pain Common sites of referred 
pain: (1) from the shoulder; (2) from the hip; (3) from 
the neck; (4) from the lumbar spine.
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lead to weakness of the associated muscles. However, 
pure muscular weakness – especially if it is confined to 
one limb or to a single muscle group – is more specific 
and suggests some neurological or muscle disorder. 
Patients sometimes say that the limb is ‘dead’ when 
it is actually weak, and this can be a source of con-
fusion. Questions should be framed to discover pre-
cisely which movements are affected, for this may give 
important clues, if not to the exact diagnosis at least 
to the site of the lesion.

Instability
The patient may complain that the joint ‘gives way’ or 
‘jumps out of place’. If this happens repeatedly, it sug-
gests abnormal joint laxity, capsular or ligamentous 
deficiency, or some type of internal derangement such 
as a torn meniscus or a loose body in the joint. If there 
is a history of injury, its precise nature is important.

Change in sensibility
Tingling or numbness signifies interference with nerve 
function – pressure from a neighbouring structure 
(e.g. a prolapsed intervertebral disc), local ischaemia 
(e.g. nerve entrapment in a fibro-osseous tunnel) or 
a peripheral neuropathy. It is important to establish 
its exact distribution; from this we can tell whether 
the fault lies in a peripheral nerve or in a nerve root. 
We should also ask what makes it worse or better; a 
change in posture might be the trigger, thus focusing 
attention on a particular site.

Loss of function
Functional disability is more than the sum of individ-
ual symptoms and its expression depends upon the 
needs of that particular patient. The patient may say, 
‘I can’t stand for long’ rather than ‘I have backache’; 

or ‘I can’t put my socks on’ rather than ‘My hip is 
stiff.’ Moreover, what to one patient is merely incon-
venient may, to another, be incapacitating. Thus a 
lawyer or a teacher may readily tolerate a stiff knee 
provided it is painless, but to a plumber or a parson 
the same disorder might spell economic or spiritual 
disaster. One question should elicit the important 
information: ‘What can’t you do now that you used 
to be able to do?’

PAST HISTORY
Patients often forget to mention previous illnesses 
or accidents, or they may simply not appreciate their 
relevance to the present complaint. They should be 
asked specifically about childhood disorders, periods 
of incapacity and old injuries. A ‘twisted ankle’ many 
years ago may be the clue to the onset of osteoarthri-
tis in what is otherwise an unusual site for this condi-
tion. Gastrointestinal disease, which in the patient’s 
mind has nothing to do with bones, may be import-
ant in the later development of ankylosing spondylitis 
or osteoporosis. Similarly, certain rheumatic disorders 
may be suggested by a history of conjunctivitis, iri-
tis, psoriasis or urogenital disease. Metastatic bone 
disease may erupt many years after a mastectomy for 
breast cancer. Patients should also be asked about pre-
vious medication: many drugs, and especially cortico-
steroids, have long-term effects on bone. Alcohol and 
drug abuse are important, and we must not be afraid 
to ask about them.

FAMILY HISTORY
Patients often wonder (and worry) about inheriting 
a disease or passing it on to their children. To the 
doctor, information about musculoskeletal disorders 
in the patient’s family may help with both diagnosis 
and counselling. When dealing with a suspected case 
of bone or joint infection, ask about communicable 
diseases, such as tuberculosis or sexually transmitted 
disease, in other members of the family.

SOCIAL BACKGROUND
No history is complete without enquiry about the 
patient’s background. There are the obvious things 
such as the level of care and nutrition in children; 
dietary constraints which may cause specific deficien-
cies; and, in certain cases, questions about smoking 
habits, alcohol consumption and drug abuse, all of 
which call for a special degree of tact and non- 
judgemental enquiry.

Find out details about the patient’s work practices, 
travel and recreation: could the disorder be due to 

Figure 1.2 Deformity This young girl complained of a 
prominent right hip; the real deformity was scoliosis.
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1 a particular repetitive activity in the home, at work 
or on the sports field? Is the patient subject to any 
unusual occupational strain? Has he or she travelled 
to another country where tuberculosis is common?

Finally, it is important to assess the patient’s home 
circumstances and the level of support by family and 
friends. This will help to answer the question: ‘What 
has the patient lost and what is he or she hoping to 
regain?’

EXAMINATION

In A Case of Identity, Sherlock Holmes has the fol-
lowing conversation with Dr Watson.

Watson: You appeared to read a good deal upon 
[your client] which was quite invisible to me.

Holmes: Not invisible but unnoticed, Watson.

Some disorders can be diagnosed at a glance: who 
would mistake the facial appearance of acromegaly or 
the hand deformities of rheumatoid arthritis for any-
thing else? Nevertheless, even in these cases system-
atic examination is rewarding: it provides information 
about the patient’s particular disability, as distinct 
from the clinicopathological diagnosis; it keeps rein-
forcing good habits; and, never to be forgotten, it lets 
the patient know that he or she has been thoroughly 
attended to.

The examination actually begins from the moment 
we set eyes on the patient. We observe his or her gen-
eral appearance, posture and gait. Can you spot any 
distinctive feature: Knock-knees? Spinal curvature? 
A short limb? A paralysed arm? Does he or she appear 
to be in pain? Do their movements look natural? Do 
they walk with a limp, or use a stick? A telltale gait 
may suggest a painful hip, an unstable knee or a foot-
drop. The clues are endless and the game is played 
by everyone (qualified or lay) at each new encounter 
throughout life. In the clinical setting the assessment 
needs to be more focused.

When we proceed to the structured examination, 
the patient must be suitably undressed; no mere roll-
ing up of a trouser leg is sufficient. If one limb is 
affected, both must be exposed so that they can be 
compared.

We examine the good limb (for comparison), then 
the bad. There is a great temptation to rush in with 
both hands – a temptation that must be resisted. Only 
by proceeding in a purposeful, orderly way can we 
avoid missing important signs.

Alan Apley, who developed and taught the system 
used here, shied away from using long words where 
short ones would do the job. (He also used to say, 
‘I’m neither an inspector nor a manipulator, and I am 
definitely not a palpator.’) Thus the traditional clinical 

routine, inspection, palpation, manipulation, was 
replaced by look, feel, move. With time, his teaching 
has been extended and we now add test, to include the 
special manoeuvres we employ in assessing neurologi-
cal integrity and complex functional attributes.

Look
Abnormalities are not always obvious at first sight. 
A systematic, step-by-step process helps to avoid 
mistakes.

Shape and posture The first things to catch one’s 
attention are the shape and posture of the limb or the 
body or the entire person who is being examined. Is 
the patient unusually thin or obese? Does the overall 
posture look normal? Is the spine straight or unusu-
ally curved? Are the shoulders level? Are the limbs 
normally positioned? It is important to look for defor-
mity in three planes, and always compare the affected 
part with the normal side. In many joint disorders and 
in most nerve lesions the limb assumes a characteris-
tic posture. In spinal disorders the entire torso may 
be deformed. Now look more closely for swelling or 
wasting – one often enhances the appearance of the 
other! Or is there a definite lump?

Skin Careful attention is paid to the colour, quality 
and markings of the skin. Look for bruising, wounds 
and ulceration. Scars are an informative record 
of the past – surgical archaeology, so to speak (see 
Figure  1.3). Colour reflects vascular status or pig-
mentation – for example, the pallor of ischaemia, the 
blueness of cyanosis, the redness of inflammation, or 
the dusky purple of an old bruise. Abnormal creases, 
unless due to fibrosis, suggest underlying deformity 
which is not always obvious; tight, shiny skin with no 
creases is typical of oedema or trophic change.

General survey Attention is initially focused on the 
symptomatic or most obviously abnormal area, but we 

Figure 1.3 Look Scars often give clues to the pre-
vious history. The faded scar on this patient’s thigh 
is an old operation wound – internal fixation of a 
femoral fracture. The other scars are due to postop-
erative infection; one of the sinuses is still draining.



D
iagnosis in orthopaedics

7

1must also look further afield. The patient complains 
of the joint that is hurting now, but we may see at a 
glance that several other joints are affected as well.

Feel
Feeling is exploring, not groping aimlessly. Know 
your anatomy and you will know where to feel for the 
landmarks; find the landmarks and you can construct 
a virtual anatomical picture in your mind’s eye.

The skin Is it warm or cold; moist or dry; and is 
sensation normal?

The soft tissues Can you feel a lump; if so, what are 
its characteristics? Are the pulses normal?

The bones and joints Are the outlines normal? Is 
the synovium thickened? Is there excessive joint fluid?

Tenderness Once you have a clear idea of the struc-
tural features in the affected area, feel gently for ten-
derness (Figure 1.4). Keep your eyes on the patient’s 
face; a grimace will tell you as much as a grunt. Try to 
localize any tenderness to a particular structure; if you 
know precisely where the trouble is, you are halfway to 
knowing what it is.

Move
‘Movement’ covers several different activities: active 
movement, passive movement, abnormal or unstable 
movement, and provocative movement (see Figures 1.5 
and 1.6).

Active movement Ask the patient to move with-
out your assistance. This will give you an idea of the 

degree of mobility and whether it is painful or not. 
Active movement is also used to assess muscle power.

Passive movement Here it is the examiner who 
moves the joint in each anatomical plane. Note 
whether there is any difference between the range of 
active and passive movement.

Range of movement is recorded in degrees, start-
ing from zero which, by convention, is the neutral or 
anatomical position of the joint, and finishing where 
movement stops, due either to pain or to anatomical 
limitation. Describing the range of movement is often 
made to seem difficult. Words such as ‘full’, ‘good’, 
‘limited’ and ‘poor’ are misleading. Always cite the 
range or span, from start to finish, in degrees. For 
example, ‘knee flexion 0–140  degrees’ means that 
the range of flexion is from zero (the knee absolutely 
straight) through an arc of 140 degrees (the leg mak-
ing an acute angle with the thigh). Similarly, ‘knee 
flexion 20–90 degrees’ means that flexion begins at 
20  degrees (i.e. the joint cannot extend fully) and 
continues only to 90 degrees.

For accuracy you can measure the range of move-
ment with a goniometer, but with practice you will 
learn to estimate the angles by eye. Normal ranges 
of  movement are shown in chapters dealing with 
individual joints. What is important is always to 
compare the symptomatic with the asymptomatic or 
normal side.

While testing movement, feel for crepitus. Joint 
crepitus is usually coarse and fairly diffuse; tenosy-
novial crepitus is fine and precisely localized to the 
affected tendon sheath.

Unstable movement This is movement which 
is inherently unphysiological. You may be able to 
shift or angulate a joint out of its normal plane of 
movement, thus demonstrating that the joint is 
unstable. Such abnormal movement may be obvi-
ous (e.g. a wobbly knee); often, though, you have to 
use special manoeuvres to pick up minor degrees of 
instability.

Provocative movement One of the most telling 
clues to diagnosis is reproducing the patient’s symp-
toms by applying a specific, provocative movement. 
Shoulder pain due to impingement of the subacromial 
structures may be ‘provoked’ by moving the joint 
in a way that is calculated to produce such impinge-
ment; the patient recognizes the similarity between 
this pain and his or her daily symptoms. Likewise, a 
patient who has had a previous dislocation or sublux-
ation can be vividly reminded of that event by stress-
ing the joint in such a way that it again threatens to 
dislocate; indeed, merely starting the movement may 
be so distressing that the patient goes rigid with anx-
iety at the anticipated result – this is aptly called the 
apprehension test.

(a) (b)

Figure 1.4 Feeling for tenderness (a) The wrong way 
– there is no need to look at your fingers, you should 
know where they are. (b) It is much more informative 
to look at the patient’s face!
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Test
The apprehension test referred to in the previous para-
graph is one of several clinical tests that are used to elicit 
suspected abnormalities: some examples are Thomas’ 
test for flexion deformity of the hip, Trendelenburg’s 
test for instability of the hip, McMurray’s test for a torn 
meniscus of the knee, Lachman’s test for cruciate lig-
ament instability and various tests for intra-articular 
fluid. These and others are described in the relevant 
chapters in Section 2. Tests for muscle tone, motor 
power, reflexes and various modes of sensibility are 
part and parcel of neurological examination, which is 
discussed later in this chapter.

Caveat
We recognize that the sequence set out here may 
sometimes have to be modified. We may need to 
‘move’ before we ‘look’: an early scoliotic deformity 
of the spine often becomes apparent only when the 
patient bends forwards. The sequence may also have 
to be altered because a patient is in severe pain or 
disabled: you would not try to move a limb at all in 
someone with a suspected fracture when an X-ray can 
provide the answer. When examining a child, you may 
have to take your chances with look or feel or move 
whenever you can!

(a) (b) (c)

(d) (e) (f)

Figure 1.5 Testing for movement (a) Flexion, (b) extension, (c) rotation, (d) abduction, (e) adduction. The range 
of movement can be estimated by eye or measured accurately using a goniometer (f).

(a) (b) (c) (d)

Figure 1.6 Move (a) Active movement – the patient moves the joint. The right shoulder is normal; the left has 
restricted active movement. (b) Passive movement – the examiner moves the joint. (c) Unstable movement – the 
joint can be moved across the normal planes of action, in this case demonstrating valgus instability of the right 
knee. (d) Provocative movement – the examiner moves (or manipulates) the joint so as to provoke the symp-
toms of impending pain or dislocation. Here he is reproducing the position in which an unstable shoulder is 
likely to dislocate.
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1TERMINOLOGY
Colloquial terms such as front, back, upper, lower, 
inner aspect, outer aspect, bow legs, knock knees have 
the advantage of familiarity but are not applicable to 
every situation. Universally acceptable anatomical 
definitions are therefore necessary in describing phys-
ical attributes.

Bodily surfaces, planes and positions are always 
described in relation to the anatomical position – as 
if the person were standing erect, facing the viewer, 
legs together with the knees pointing directly for-
wards, and arms held by the sides with the palms fac-
ing forwards.

The principal planes of the body (Figure 1.7) 
are named sagittal, coronal and transverse; they 
define the direction across which the body (or body 
part) is viewed in any description. Sagittal planes, 
parallel to each other, pass vertically through the 
body from front to back; the midsagittal or median 
plane divides the body into right and left halves. 
Coronal planes are also orientated vertically, cor-
responding to a frontal view, at right angles to the 
sagittal planes; transverse planes pass horizontally 
across the body.

Anterior signifies the frontal aspect and posterior 
the rear aspect of the body or a body part. The terms 
ventral and dorsal are also used for the front and the 
back respectively. Note, though, that the use of these 

terms is somewhat confusing when it comes to the 
foot: here the upper surface is called the dorsum and 
the sole is called the plantar surface.

Medial means facing towards the median plane 
or midline of the body, and lateral away from the 
median plane. These terms are usually applied to a 
limb, the clavicle or one half of the pelvis. Thus the 
inner aspect of the thigh lies on the medial side of the 
limb and the outer part of the thigh lies on the lateral 
side. We could also say that the little finger lies on the 
medial or ulnar side of the hand and the thumb on 
the lateral or radial side of the hand.

Proximal and distal are used mainly for parts of 
the limbs, meaning respectively the upper end and the 
lower end as they appear in the anatomical position. 
Thus the knee joint is formed by the distal end of the 
femur and the proximal end of the tibia.

Axial alignment describes the longitudinal 
arrangement of adjacent limb segments or parts of 
a single bone. The knees and elbows, for example, 
are normally angulated slightly outwards (valgus) 
while the opposite – ‘bow legs’ – is more correctly 
described as varus (see ‘Physical variations and 
deformities’ later in this chapter). Angulation in the 
middle of a long bone would always be regarded as 
abnormal.

Rotational alignment refers to the tortile arrange-
ment of segments of a long bone (or an entire limb) 
around a single longitudinal axis. For example, in the 
anatomical position the patellae face forwards while 
the feet are turned slightly outwards; a marked dif-
ference in rotational alignment of the two legs is 
abnormal.

Flexion and extension are joint movements in the 
sagittal plane, most easily imagined in hinge joints like 
the knee, elbow and the joints of the fingers and toes. 
In elbows, knees, wrists and fingers, flexion means 
bending the joint and extension means straightening 
it. In shoulders and hips, flexion is movement in an 
anterior direction and extension is movement posteri-
orwards. In the ankle, flexion is also called plantar-
flexion (pointing the foot downwards) and extension 
is called dorsiflexion (drawing the foot upwards). 
Thumb movements are the most complicated and are 
described in Chapter 16.

Abduction and adduction are movements in the 
coronal plane, away from or towards the median 
plane. Not quite for the fingers and toes, though: 
here abduction and adduction mean away from and 
towards the longitudinal midline of the hand or 
foot!

Lateral rotation and medial rotation are twist-
ing movements, outwards and inwards, around a 
long itudinal axis.

Pronation and supination are also rotatory move-
ments, but the terms are applied only to movements 
of the forearm and the foot.

Coronal planeSagittal plane

Transverse plane

FIgure 1.7 Planes The principal planes of the body, as 
viewed in the anatomical position: sagittal, coronal 
and transverse.
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1 Circumduction is a composite movement made up 
of a rhythmic sequence of all the other movements. It 
is possible only for ball-and-socket joints such as the 
hip and shoulder.

Specialized movements such as opposition of the 
thumb, lateral flexion and rotation of the spine, and 
inversion or eversion of the foot, will be described in 
the relevant chapters.

NEUROLOGICAL EXAMINATION

If the symptoms include weakness or incoordination 
or a change in sensibility, or if they point to any dis-
order of the neck or back, a complete neurological 
examination of the related part is mandatory. Once 
again we follow a systematic routine, first looking at 
the general appearance, then assessing motor func-
tion (muscle tone, power and reflexes) and finally 
testing for sensory function (both skin sensibility and 
deep sensibility) (see Table 1.1 and Figure 1.8).

Appearance
Some neurological disorders result in postures that 
are so characteristic as to be diagnostic at a glance: 
the claw hand of an ulnar nerve lesion; ‘drop wrist’ 
following radial nerve palsy (Figure 1.9); or the ‘wait-
er’s tip’ deformity of the arm in brachial plexus injury. 
Usually, however, it is when the patient moves that 
we can best appreciate the type and extent of motor 
disorder: the dangling arm following a brachial plexus 
injury; the flail lower limb of poliomyelitis; the sym-
metrical paralysis of spinal cord lesions; the charac-
teristic drop-foot gait following sciatic or peroneal 
nerve damage; and the jerky, ‘spastic’ movements of 
cerebral palsy.

Concentrating on the affected part, we look for 
trophic changes that signify loss of sensibility: the 
smooth, hairless skin that seems to be stretched too 
tight; atrophy of the fingertips and the nails; scars 

Table 1.1 Nerve root supply and actions of main 
muscle groups

Muscles/Muscle action Nerve root supply

Sternomastoids Spinal accessory C2, 3, 4

Trapezius Spinal accessory C3, 4

Diaphragm C3, 4, 5

Deltoid C5, 6

Supra- and infraspinatus C5, 6

Serratus anterior C5, 6, 7

Pectoralis major C5, 6, 7, 8

Elbow flexion
extension

C5, 6
C7

Supination C5, 6

Pronation C6

Wrist extension
flexion

C6, (7)
C7, (8)

Finger extension
flexion
ab- and adduction

C7
C7, 8, T1
C8, T1

Hip flexion
extension 
adduction
abduction

L1, 2, 3
L5, S1
L2, 3, 4
L4, 5, S1

Knee extension
flexion

L(2), 3, 4
L5, S1

Ankle dorsiflexion
plantarflexion
inversion
eversion

L4, 5
S1, 2
L4, 5
L5, S1

Toe extension
flexion
abduction

L5
S1
S1, 2

C6 C6

C6 C6

C8

C7 C7

C5 C5

C5

C4

C3

C2

C5

T1

T12

T10

T8

T6

T4

T2

T1

L1

L1

L2
L2

L2

L3

L3

L5
L5

L5

L4 L4

S1 S1

S2

S2 S4
S5

S3

L5

FIgure 1.8 Examination Dermatomes supplied by the 
spinal nerve roots.
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that tell of accidental burns; and ulcers that refuse to 
heal. Muscle wasting is important: if localized and 
asymmetrical, it may suggest dysfunction of a specific 
motor nerve.

Muscle tone
Tone in individual muscle groups is tested by mov-
ing the nearby joint to stretch the muscle. Increased 
tone (spasticity) is characteristic of upper motor neu-
ron disorders such as cerebral palsy and stroke. It 
must not be confused with rigidity (the ‘lead-pipe’ 
or ‘cogwheel’ effect) which is seen in Parkinson’s 
disease. Decreased tone (flaccidity) is found in lower 
motor neuron lesions; for example, poliomyelitis. 
Muscle power is diminished in all three states; it is 
important to recognize that a ‘spastic’ muscle may 
still be weak.

Power
Motor function is tested by having the patient per-
form movements that are normally activated by spe-
cific nerves. We may learn even more about composite 
movements by asking the patient to perform specific 
tasks, such as holding a pen, gripping a rod, doing up 
a button or picking up a pin.

Testing for power is not as easy as it sounds; the dif-
ficulty is making ourselves understood. The simplest 
way is to place the limb in the ‘test’ position, then ask 
the patient to hold it there as firmly as possible and 

resist any attempt to change that position. The normal 
limb is examined first, then the affected limb, and the 
two are compared. Finer muscle actions, such as those 
of the thumb and fingers, may be reproduced by first 
demonstrating the movement yourself, then testing it 
in the unaffected limb, and then in the affected one.

Muscle power is usually graded on the Medical 
Research Council scale:

Grade 0  No movement
Grade 1  Only a flicker of movement
Grade 2  Movement with gravity eliminated
Grade 3  Movement against gravity
Grade 4  Movement against resistance
Grade 5  Normal power

It is important to recognize that muscle weakness 
may be due to muscle disease rather than nerve dis-
ease. In muscle disorders the weakness is usually 
more widespread and symmetrical, and sensation is 
normal.

Tendon reflexes
A deep tendon reflex is elicited by rapidly stretching 
the tendon near its insertion. A sharp tap with the 
tendon hammer does this well; but all too often this is 
performed with a flourish and with such force that the 
finer gradations of response are missed. It is better to 
employ a series of taps, starting with the most force-
ful and reducing the force with each successive tap 
until there is no response. Comparing the two sides 
in this way, we can pick up fine differences showing 
that a reflex is ‘diminished’ rather than ‘absent’. In 
the upper limb we test biceps, triceps and brachiora-
dialis; and in the lower limb the patellar and Achilles 
tendons.

The tendon reflexes are monosynaptic segmen-
tal reflexes; that is, the reflex pathway takes a ‘short 
cut’ through the spinal cord at the segmental level. 
Depression or absence of the reflex signifies inter-
ruption of the pathway at the posterior nerve root, 
the anterior horn cell, the motor nerve root or the 
peripheral nerve. It is a reliable pointer to the seg-
mental level of dysfunction: thus, a depressed biceps 
jerk suggests pressure on the fifth or sixth cervical 
(C5 or C6) nerve roots while a depressed ankle jerk 
signifies a similar abnormality at the first sacral level 
(S1). An unusually brisk reflex, on the other hand, 
is characteristic of an upper motor neuron disorder 
(e.g. cerebral palsy, a stroke or injury to the spinal 
cord); the lower motor neuron is released from the 
normal central inhibition and there is an exaggerated 
response to tendon stimulation. This may manifest as 
ankle clonus: a sharp upward jerk on the foot (dorsi-
flexion) causes a repetitive, ‘clonic’ movement of the 
foot; similarly, a sharp downward push on the patella 
may elicit patellar clonus.

FIgure 1.9 Posture Posture is often diagnostic. 
This patient’s ‘drop wrist’ – typical of a radial nerve 
palsy – is due to carcinomatous infiltration of the 
supraclavicular lymph nodes on the right.
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1 Superficial reflexes
The superficial reflexes are elicited by stroking the skin 
at various sites to produce a specific muscle contrac-
tion; the best known are the abdominal (T7–T12), 
cremasteric (L1, 2) and anal (S4, 5) reflexes. These are 
corticospinal (upper motor neuron) reflexes. Absence 
of the reflex indicates an upper motor neuron lesion 
(usually in the spinal cord) above that level.

The plantar reflex
Forceful stroking of the sole normally produces flex-
ion of the toes (or no response at all). An extensor 
response (the big toe extends while the others remain 
in flexion) is characteristic of upper motor neuron dis-
orders. This is the Babinski sign – a type of withdrawal 
reflex which is present in young infants and normally 
disappears after the age of 18 months.

Sensibility
Sensibility to touch and to pinprick may be increased 
(hyperaesthesia) or unpleasant (dysaesthesia) in cer-
tain irritative nerve lesions. More often, though, it is 
diminished (hypoaesthesia) or absent (anaesthesia), 
signifying pressure on or interruption of a peripheral 
nerve, a nerve root or the sensory pathways in the spi-
nal cord. The area of sensory change can be mapped 
out on the skin and compared with the known seg-
mental or dermatomal pattern of innervation. If the 
abnormality is well defined, it is an easy matter to 
establish the level of the lesion, even if the precise 
cause remains unknown.

Brisk percussion along the course of an injured 
nerve may elicit a tingling sensation in the distal 
distribution of the nerve (Tinel’s sign). The point 
of hypersensitivity marks the site of abnormal nerve 
sprouting: if it progresses distally at successive visits, 
this signifies regeneration; if it remains unchanged, 
this suggests a local neuroma.

Tests for temperature recognition and two-point 
discrimination (the ability to recognize two touch-
points a few millimetres apart) are also used in the 
assessment of peripheral nerve injuries.

Deep sensibility can be examined in several ways. 
In the vibration test a sounded tuning fork is placed 
over a peripheral bony point (e.g. the medial mal-
leolus or the head of the ulna); the patient is asked 
if he or she can feel the vibrations and to say when 
they disappear. By comparing the two sides, differ-
ences can be noted. Position sense is tested by asking 
the patient to find certain points on the body with 
the eyes closed – for example, touching the tip of the 
nose with the forefinger. The sense of joint posture 
is tested by grasping the big toe and placing it in dif-
ferent positions of flexion and extension. The patient 
(whose eyes are closed) is asked to say whether it is 

‘up’ or ‘down’. Stereognosis, the ability to recognize 
shape and texture by feel alone, is tested by giving the 
patient (again with eyes closed) a variety of familiar 
objects to hold and asking him or her to name each 
object. 

The pathways for deep sensibility run in the pos-
terior columns of the spinal cord. Disturbances are 
therefore found in peripheral neuropathies and in 
spinal cord lesions such as posterior column injuries 
or tabes dorsalis. The sense of balance is also carried 
in the posterior columns. This can be tested by ask-
ing the patient to stand upright with his or her eyes 
closed; excessive body sway is abnormal (Romberg’s 
sign).

Cortical and cerebellar function
A staggering gait may imply an unstable knee – or 
a disorder of the spinal cord or cerebellum. If there 
is no musculoskeletal abnormality to account for the 
sign, a full examination of the central nervous system 
will be necessary.

EXAMINING INFANTS AND 
CHILDREN

Paediatric practice requires special skills. You may 
have no first-hand account of the symptoms; a baby 
screaming with pain will tell you very little, and over-
anxious parents will probably tell you too much. When 
examining the child, be flexible. If he or she is moving 
a particular joint, take your opportunity to examine 
movement then and there. You will learn much more 
by adopting methods of play than by applying a rigid 
system of examination. And leave any test for tender-
ness until last!

Infants and small children
The baby should be undressed, in a warm room, and 
placed on the examining couch. Look carefully for 
birthmarks, deformities and abnormal movements – 
or absence of movement. If there is no urgency or 
distress, take time to examine the head and neck, 
including facial features which may be characteristic 
of specific dysplastic syndromes. The back and limbs 
are then examined for abnormalities of position or 
shape.

Examining for joint movement can be difficult. 
Active movements can often be stimulated by gently 
stroking the limb. When testing for passive mobility, 
be careful to avoid frightening or hurting the child. 
In the neonate, and throughout the first two years 
of life, examination of the hips is mandatory, even if 
the child appears to be normal. This is to avoid miss-
ing the subtle signs of developmental dysplasia of the 
hips (DDH) at the early stage when treatment is most 
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effective. It is also important to assess the child’s gen-
eral development by testing for the normal milestones 
which are expected to appear during the first two 
years of life (Table 1.2).

Older children
Most children can be examined in the same way as 
adults, though with different emphasis on particular 
physical features. Posture and gait are very import-
ant; subtle deviations from the norm may herald the 
appearance of serious abnormalities such as scolio-
sis or neuromuscular disorders, while more obvious 
‘deformities’ such as knock knees and bow legs may 
be no more than transient stages in normal develop-
ment; similarly with mild degrees of ‘flat feet’ and 
‘pigeon toes’. More complex variations in posture 
and gait patterns, when the child sits and walks with 
the knees turned inwards (medially rotated) or out-
wards (laterally rotated) are usually due to antever-
sion or retroversion of the femoral necks, sometimes 
associated with compensatory rotational ‘deformities’ 
of the femora and tibiae. Seldom need anything be 
done about this; the condition usually improves as the 
child approaches puberty and only if the gait is very 
awkward would one consider performing corrective 
osteotomies of the femora.

PHYSICAL VARIATIONS AND 
DEFORMITIES

JOINT LAXITY
Children’s joints are much more mobile than those 
of most adults, allowing them to adopt postures that 
would be impossible for their parents. An unusual 
degree of joint mobility can also be attained by adults 
willing to submit to rigorous exercise and practice, as 
witness the performances of professional dancers and 
athletes, but in most cases, when the exercises stop, 
mobility gradually reverts to the normal range.

Persistent generalized joint hypermobility occurs in 
about 5% of the population and is inherited as a sim-
ple Mendelian dominant (Figure 1.10). Those affected 

describe themselves as being ‘double-jointed’: they can 
hyperextend their metacarpophalangeal joints beyond 
a right angle, hyperextend their elbows and knees and 
bend over with knees straight to place their hands flat 
on the ground; some can even ‘do the splits’ or place 
their feet behind their neck!

It is doubtful whether these individuals should 
be considered ‘abnormal’. However, epidemiological 
studies have shown that they do have a greater than 
usual tendency to recurrent dislocation (e.g. of the 
shoulder or patella). Some experience recurrent epi-
sodes of aching around the larger joints; however, 
there is no convincing evidence that hypermobility by 
itself predisposes to osteoarthritis.

Generalized hypermobility is not usually associ-
ated with any obvious disease, but severe laxity is a 
feature of certain rare connective tissue disorders such 
as Marfan’s syndrome, Ehlers–Danlos syndrome, 
Larsen’s disease and osteogenesis imperfecta.

Deformity
The boundary between variations of the normal and 
physical deformity is blurred. Indeed, in the devel-
opment of species, what at one point of time might 
have been seen as a deformity could over the ages 
have turned out to be so advantageous as to become 
essential for survival. So too in humans. The word 
‘deformity’ is derived from the Latin for ‘misshapen’, 
but the range of ‘normal shape’ is so wide that varia-
tions should not automatically be designated as defor-
mities, and some undoubted ‘deformities’ are not 
necessarily pathological; for example, the generally 
accepted cut-off points for ‘abnormal’ shortness or 
tallness are arbitrary and people who in one popula-
tion might be considered abnormally short or abnor-
mally tall could, in other populations, be seen as quite 
ordinary. However, if one leg is short and the other 
long, no one would quibble with the use of the word 
‘deformity’!

Specific terms are used to describe the ‘position’ 
and ‘shape’ of the bones and joints. Whether, in any 
particular case, these amount to ‘deformity’ will be 
determined by additional factors such as the extent 

Table 1.2 Normal developmental milestones

Age Normal developmental milestone(s)

Newborn Grasp reflex present
Morrow reflex present

3–6 months Holds head up unsupported

6–9 months Able to sit up

9–12 months Crawling 
Standing up

9–18 months Walking

18–24 months Running

FIgure 1.10 Tests for joint hypermobility 
Hyperextension of knees and elbows; metacarpopha-
langeal joints extending to 90 degrees’; thumb able 
to touch forearm.
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1 to which they deviate from the norm, symptoms to 
which they give rise, the presence or absence of insta-
bility and the degree to which they interfere with 
function.

Varus and valgus It seems pedantic to replace ‘bow 
legs’ and ‘knock knees’ with ‘genu varum’ and ‘genu 
valgum’, but comparable colloquialisms are not avail-
able for deformities of the elbow, hip or big toe; and, 
besides, the formality is justified by the need for clar-
ity and consistency. Varus means that the part dis-
tal to the joint in question is displaced towards the 
median plane, valgus away from it (Figure 1.11).

Kyphosis and lordosis Seen from the side, the nor-
mal spine has a series of curves: convex posteriorly in 
the thoracic region (kyphosis), and convex anteriorly 
in the cervical and lumbar regions (lordosis). Excessive 
curvature constitutes kyphotic or lordotic deformity 
(also sometimes referred to as hyperkyphosis and 
hyperlordosis). Colloquially speaking, excessive tho-
racic kyphosis is referred to as ‘round-shouldered’.

Scoliosis Seen from behind, the spine is straight. 
Any curvature in the coronal plane is called scoliosis. 
The position and direction of the curve are specified 
by terms such as thoracic scoliosis, lumbar scoliosis, 
convex to the right, concave to the left, etc.

Postural deformity A postural deformity is one 
which the patient can, if properly instructed, correct 
voluntarily: e.g. thoracic ‘kyphosis’ due to slumped 
shoulders. Postural deformity may also be caused by 
temporary muscle spasm.

Structural deformity A deformity which results 
from a permanent change in anatomical structure 
cannot be voluntarily corrected. It is important to 
distinguish postural scoliosis from structural (fixed) 
scoliosis. The former is non-progressive and benign; 
the latter is usually progressive and may require 
treatment.

‘Fixed deformity’ This term is ambiguous. It seems 
to mean that a joint is deformed and unable to move 
but this is not so. It means that one particular move-
ment cannot be completed. Thus the knee may be able 
to flex fully but not extend fully – at the limit of its 
extension it is still ‘fixed’ in a certain amount of flex-
ion. This would be called a ‘fixed flexion deformity’.

CAUSES OF JOINT DEFORMITY
There are six basic causes of joint deformity.

Contracture of the overlying skin This is seen typ-
ically when there is severe scarring across the flexor 
aspect of a joint, e.g. due to a burn or following 
surgery.

Contracture of the subcutaneous fascia The clas-
sical example is Dupuytren’s contracture in the palm 
of the hand.

Muscle contracture Fibrosis and contracture of 
muscles that cross a joint will cause a fixed deformity 
of the joint. This may be due to deep infection or 
fibrosis following ischaemic necrosis (Volkmann’s 
ischaemic contracture).

(a) (b) (c)

FIgure 1.11 Varus and valgus (a) Valgus knees in a patient with rheumatoid arthritis. The toe joints are also 
valgus. (b) Varus knees due to osteoarthritis. (c) Another varus knee? No – the deformity here is in the left tibia 
due to Paget’s disease.
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1Muscle imbalance Unbalanced muscle weakness 
or spasticity will result in joint deformity which, if 
not corrected, will eventually become fixed. This is 
seen most typically in poliomyelitis and cerebral palsy. 
Tendon rupture, likewise, may cause deformity.

Joint instability Any unstable joint will assume a 
‘deformed’ position when subjected to force.

Joint destruction Trauma, infection or arthritis 
may destroy the joint and lead to severe deformity.

CAUSES OF BONE DEFORMITY
Bone deformities in small children are usually due to 
genetic or developmental disorders of cartilage and 
bone growth; some can be diagnosed in utero by spe-
cial imaging techniques (e.g. achondroplasia); some 
become apparent when the child starts to walk, or 
later still during one of the growth spurts (e.g. hered-
itary multiple exostosis); and some only in early adult-
hood (e.g. multiple epiphyseal dysplasia). There are a 
myriad genetic disorders affecting the skeleton, yet 
any one of these conditions is rare. The least unusual 
of them are described in Chapter 8.

Acquired deformities in children may be due to 
fractures involving the physis (growth plate); ask 
about previous injuries. Other causes include rickets, 
endocrine disorders, malunited diaphyseal fractures 
and tumours.

Acquired deformities of bone in adults are usually 
the result of previous malunited fractures. However, 
causes such as osteomalacia, bone tumours and 
Paget’s disease should always be considered.

BONY LUMPS
A bony lump may be due to faulty development, 
injury, inflammation or a tumour. Although X-ray 
examination is essential, the clinical features can be 
highly informative (for example, see Figure 1.12).

Size A large lump attached to bone, or a lump that 
is getting bigger, is nearly always a tumour.

Site A lump near a joint is most likely to be a 
tumour (benign or malignant); a lump in the shaft 
may be fracture callus, inflammatory new bone or a 
tumour. A benign tumour has a well-defined margin; 
malignant tumours, inflammatory lumps and callus 
have a vague edge.

Consistency A benign tumour feels bony and hard; 
malignant tumours often give the impression that 
they can be indented.

Tenderness Lumps due to active inflammation, 
recent callus or a rapidly growing sarcoma are tender.

Multiplicity Multiple bony lumps are uncommon: 
they occur in hereditary multiple exostosis and in 
Ollier’s disease.

JOINT STIFFNESS
The term ‘stiffness’ covers a variety of limitations. We 
consider three types of stiffness in particular: (1) all 
movements absent; (2) all movements limited; (3) one 
or two movements limited.

All movements absent Surprisingly, although move-
ment is completely blocked, the patient may retain 
such good function that the restriction goes unnoticed 
until the joint is examined. Surgical fusion is called 
‘arthrodesis’; pathological fusion is called ‘ankylosis’. 
Acute suppurative arthritis typically ends in bony anky-
losis; tuberculous arthritis heals by fibrosis and causes 
fibrous ankylosis – not strictly a ‘fusion’ because there 
may still be a small jog of movement.

All movements limited After severe injury, move-
ment may be limited as a result of oedema and bruis-
ing. Later, adhesions and loss of muscle extensibility 
may perpetuate the stiffness.

With active inflammation all movements are 
restricted and painful and the joint is said to be ‘irri-
table’. In acute arthritis spasm may prevent all but a 
few degrees of movement.

In osteoarthritis the capsule fibroses and move-
ments become increasingly restricted, but pain occurs 
only at the extremes of motion.

Some movements limited When one particular 
movement suddenly becomes blocked, the cause is 
usually mechanical. Thus a torn and displaced menis-
cus may prevent extension of the knee but not flexion.

Bone deformity may alter the arc of movement, 
such that it is limited in one direction (loss of abduc-
tion in coxa vara is an example) but movement in the 
opposite direction is full or even increased.

These are all examples of ‘fixed deformity’.

 

FIgure 1.12 Bony lumps The lump above the left 
knee is hard, well defined and not increasing in size. 
The clinical diagnosis of cartilage-capped exostosis 
(osteochondroma) is confirmed by the X-rays.
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1 DIAGNOSTIC IMAGING

The map is not the territory

Alfred Korzybski

PLAIN FILM RADIOGRAPHY
Plain film X-ray examination is over 100 years 
old. Notwithstanding the extraordinary technical 
advances of the last few decades, it remains the most 
useful method of diagnostic imaging. Whereas other 
methods may define an inaccessible anatomical struc-
ture more accurately, or may reveal some localized 
tissue change, the plain film provides information 
simultaneously on the size, shape, tissue ‘density’ 
and bone architecture – characteristics which, taken 
together, will usually suggest a diagnosis, or at least a 
range of possible diagnoses.

The radiographic image
X-rays are produced by firing electrons at high speed 
onto a rotating anode. The resulting beam of X-rays 
is attenuated by the patient’s soft tissues and bones, 
casting what are effectively ‘shadows’ which are dis-
played as images on an appropriately sensitized plate 
or stored as digital information which is then available 
to be transferred throughout the local information 
technology (IT) network. See Figure 1.13.

The more dense and impenetrable the tissue, the 
greater the X-ray attenuation and therefore the more 
blank, or white, the image that is captured. Thus, a 
metal implant appears intensely white, bone less so 
and soft tissues in varying shades of grey depend-
ing on their ‘density’. Cartilage, which causes little 
attenuation, appears as a dark area between adjacent 
bone ends; this ‘gap’ is usually called the joint space, 
though of course it is not a space at all, merely a radio-
lucent zone filled with cartilage. Other ‘radiolucent’ 
areas are produced by fluid-filled cysts in bone.

One bone overlying another (e.g. the femoral head 
inside the acetabular socket) produces superimposed 
images; any abnormality seen in the resulting com-
bined image could be in either bone, so it is important 
to obtain several images from different projections in 
order to separate the anatomical outlines. Similarly, 
the bright image of a metallic foreign body superim-
posed upon that of, say, the femoral condyles could 
mean that the foreign body is in front of, inside or 
behind the bone. A second projection, at right angles 
to the first, will give the answer.

Picture Archiving and Communication System 
(PACS) This is the system whereby all digitally 
coded images are filed, stored and retrieved to enable 
the images to be sent to work stations throughout the 
hospital, to other hospitals or to the Consultant’s per-
sonal computer.

Radiographic interpretation
Although radiograph is the correct word for the plain 
image which we address, in the present book we have 
chosen to retain the old-fashioned term ‘X-ray’, which 
has become entrenched by long usage. The process 
of interpreting this image should be as methodical as 
clinical examination. It is seductively easy to be led 
astray by some flagrant anomaly; systematic study is 
the only safeguard. A convenient sequence for exam-
ination is: the patient – the soft tissues – the bones – the 
joints.

THE PATIENT
Make sure that the name on the film is that of your 
patient; mistaken identity is a potent source of error. 
The clinical details are important; it is surprising how 
much more you can see on the X-ray when you know 
the background. Similarly, when requesting an X-ray 
examination, give the radiologist enough information 
from the patient’s history and the clinical findings to 
help in guiding his or her thoughts towards the diag-
nostic possibilities and options. For example, when 
considering a malignant bone lesion, simply know-
ing the patient’s age may provide an important clue: 
under the age of 10 it is most likely to be a Ewing’s 
sarcoma; between 10 and 20 years it is more likely to 

Articular
cartilage

Epiphysis

Physis
(growth plate)

Metaphysis

Apophysis

Diaphysis

Cortex

Medulla

Physis

Epiphysis

FIgure 1.13 The radiographic image X-ray of an ana-
tomical specimen to show the appearance of various 
parts of the bone in the X-ray image.
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1be an osteosarcoma; and over the age of 50 years it is 
likely to be a metastatic deposit.

THE SOFT TISSUES

Generalized change Muscle planes are often visible 
and may reveal wasting or swelling. Bulging outlines 
around a hip, for example, may suggest a joint effu-
sion; and soft-tissue swelling around interphalangeal 
joints may be the first radiographic sign of rheuma-
toid arthritis. Tumours tend to displace fascial planes, 
whereas infection tends to obliterate them.

Localized change Is there a mass, soft tissue cal-
cification, ossification, gas (from penetrating wound 
or gas-forming organism) or the presence of a radio-
opaque foreign body?

THE BONES

Shape The bones are well enough defined to allow 
one to check their general anatomy and individual 
shape (Figure 1.14). For example, for the spine, look 
at the overall vertebral alignment, then at the disc 
spaces, and then at each vertebra separately, moving 
from the body to the pedicles, the facet joints and 
finally the spinous appendages. For the pelvis, see 
if the shape is symmetrical with the bones in their 
normal positions, then look at the sacrum, the two 
innominate bones, the pubic rami and the ischial 
tuberosities, then the femoral heads and the upper 
ends of the femora, always comparing the two sides. 

Generalized change Take note of changes in bone 
‘density’ (osteopaenia or osteosclerosis). Is there abnor-
mal trabeculation, as in Paget’s disease (Figure 1.15a)? 
Are there features suggestive of diffuse metastatic 
infiltration, either sclerotic or lytic? Other polyostotic 
lesions include fibrous dysplasia, histiocyotis, multiple 
exostosis and Paget’s disease. With aggressive-looking 

polyostotic lesions, think of metastases (including 
myeloma and lymphoma) and also multifocal infection. 
By contrast, most primary tumours are monostotic.

Localized change Focal abnormalities should be 
approached in the same way as one would conduct 
a clinical analysis of a soft tissue abnormality. Start 
describing the abnormality from the centre and move 
outwards. Determine the lesion’s size, site, shape, 
density and margins, as well as adjacent periosteal 
changes and any surrounding soft tissue changes. 
Remember that benign lesions are usually well 
defined with sclerotic margins (Figure 1.15b) and a 
smooth periosteal reaction. Ill-defined areas with per-
meative bone destruction (Figure 1.15c) and irregu-
lar or speculated periosteal reactions (Figure 1.15d) 
suggest an aggressive lesion such as infection or a 
malignant tumour.

THE JOINTS
The radiographic ‘joint’ consists of the articulating 
bones and the ‘space’ between them.

The ‘joint space’ The joint space is, of course, illu-
sory; it is occupied by a film of synovial fluid plus 
radiolucent articular cartilage which varies in thick-
ness from 1 mm or less (the carpal joints) to 6 mm 
(the knee). It looks much wider in children than in 
adults because much of the epiphysis is still cartilag-
inous and therefore radiolucent. Lines of increased 
density within the radiographic articular ‘space’ may 
be due to calcification of the cartilage or menisci 
(chondrocalcinosis). Loose bodies, if they are radio-
opaque, appear as rounded patches overlying the nor-
mal structures.

Shape Note the general orientation of the joint 
and the congruity of the bone ends (actually the 
subarticular bone plates), if necessary comparing the 

(a) (b) (c) (d) (e) (f)

FIgure 1.14 X-rays – bent bones (a) Malunited fracture; (b) Paget’s disease; (c) dyschondroplasia; (d) congenital 
pseudarthrosis; (e) syphilitic sabre tibia; (f) osteogenesis imperfecta.
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abnormal with the normal opposite side. Then look 
for narrowing or asymmetry of the joint ‘space’: nar-
rowing signifies loss of hyaline cartilage and is typical 
of infection, inflammatory arthropathies and osteoar-
thritis. Further stages of joint destruction are revealed 
by irregularity of the radiographically visible bone 
ends and radiolucent cysts in the subchondral bone. 
Bony excrescences at the joint margins (osteophytes) 
are typical of osteoarthritis.

Erosions Look for associated bone erosions. The 
position of erosions and symmetry help to define 
various types of arthropathy. In rheumatoid arthritis 
and psoriasis the erosions are periarticular (at the bare 
area where the hyaline cartilage covering the joint has 
ended and the intracapsular bone is exposed to joint 
fluid). In gout the erosions are further away from the 
articular surfaces and are described as juxta-articular. 
Rheumatoid arthritis is classically symmetrical and 
predominantly involves the metacarpophalangeal and 
proximal interphalangeal joints in both hands. The 
erosions in psoriasis are usually more feathery with 
ill-defined new bone at their margins. Ill-defined ero-
sions suggest active synovitis whereas corticated ero-
sions indicate healing and chronicity.

Diagnostic associations
However carefully the individual X-ray features are 
observed, the diagnosis will not leap ready-made off 
the X-ray plate. Even a fracture is not always obvious. 
It is the pattern of abnormalities that counts: if you 
see one feature that is suggestive, look for others that 
are commonly associated.

 • Narrowing of the joint space + subchondral sclerosis 
and cysts + osteophytes = osteoarthritis (Figure 1.16).

 • Narrowing of the joint space + osteoporosis + peri-
articular erosions = inflammatory arthritis. Add to 
this the typical distribution, more or less symmet-
rically in the proximal joints of both hands, and 
you must think of rheumatoid arthritis.

 • Bone destruction + periosteal new bone for-
mation = infection or malignancy until proven 
otherwise.

 • Remember: the next best investigation is either the 
previous radiograph or the subsequent follow-up 
radiograph. Sequential films demonstrate either 
progression of changes in active pathology or sta-
tus quo in long-standing conditions.

Limitations of conventional radiography
Conventional radiography involves exposure of the 
patient to ionizing radiation, which under certain cir-
cumstances can lead to radiation-induced cancer. The 
Ionizing Radiation Medical Exposure Regulations 
(IRMER) 2000 are embedded in European Law, 
requiring all clinicians to justify any exposure of the 
patient to ionizing radiation. It is a criminal offence 
to breach these regulations. Ionizing radiation can 
also damage a developing fetus, especially in the first 
trimester.

As a diagnostic tool, conventional radiography 
provides poor soft-tissue contrast: for example, it 
cannot distinguish between muscles, tendons, liga-
ments and hyaline cartilage. Ultrasound (US), com-
puted tomography (CT) and magnetic resonance 
imaging (MRI) are now employed to complement 
plain X-ray examination. However, in parts of the 
world where these techniques are not available, some 
modifications of plain radiography still have a useful 
role.

(a) (b) (c) (d) (e)

FIgure 1.15 X-rays – important features to look for (a) General shape and appearance, in this case the cortices 
are thickened and the bone is bent (Paget’s disease). (b,c) Interior density, a vacant area may represent a true 
cyst (b), or radiolucent material infiltrating the bone, like the metastatic tumour in (c). (d) Periosteal reaction, 
typically seen in healing fractures, bone infection and malignant bone tumours – as in this example of Ewing’s 
sarcoma. Compare this with the smooth periosteal new bone formation shown in (e).
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X-RAYS USING CONTRAST MEDIA
Substances that alter X-ray attenuation characteristics 
can be used to produce images which contrast with 
those of the normal tissues. The contrast media used 
in orthopaedics are mostly iodine-based liquids which 
can be injected into sinuses, joint cavities or the spinal 
theca (Figure 1.17). Air or gas also can be injected 
into joints to produce a ‘negative image’ outlining the 
joint cavity.

Oily iodides are not absorbed and maintain maxi-
mum concentration after injection. However, because 
they are non-miscible, they do not penetrate well 
into all the nooks and crannies. They are also tissue 

irritants, especially if used intrathecally and are now 
rarely used as they have been shown to cause adhe-
sive arachnoiditis. Ionic, water-soluble iodides permit 
much more detailed imaging and, although also some-
what irritant and neurotoxic, are rapidly absorbed and 
excreted.

Sinography
Sinography is the simplest form of contrast radiogra-
phy. The medium (usually one of the ionic water-sol-
uble compounds) is injected into an open sinus; the 
film shows the track and whether or not it leads to the 
underlying bone or joint.

(a) (b) (c) (d)

Figure 1.16 Plain X-rays of the hip Stages in the development of osteoarthritis (OA). (a) Normal hip: ana-
tomical shape and position, with joint ‘space’ (articular cartilage) fully preserved. (b) Early OA, showing joint 
space slightly decreased and a subarticular cyst in the femoral head. (c) Advanced OA: joint space markedly 
decreased; osteophytes at the joint margin. (d) Hip replacement: the cup is radiolucent but its position is shown 
by a circumferential wire marker. Note the differing image ‘densities’: (1) the metal femoral implant; (2) the 
polyethylene cup (radiolucent); (3) acrylic cement impacted into the adjacent bone.

(a) (b) (c)

Figure 1.17 Contrast radiography (a) Myelography shows the outline of the spinal theca. Where facilities are 
available, myelography has been largely replaced by CT and MRI. (b) Discography is sometimes useful: note the 
difference between a normal intervertebral disc (upper level) and a degenerate disc (lower level). (c) Contrast 
arthrography of the knee shows a small popliteal herniation.
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1 Arthrography
Arthrography is a particularly useful form of contrast 
radiography. Intra-articular loose bodies will produce 
filling defects in the opaque contrast medium. In 
the knee, torn menisci, ligament tears and capsular 
ruptures can be shown. In children’s hips, arthrogra-
phy is a useful method of outlining the cartilaginous 
(and  therefore radiolucent) femoral head. In adults 
with avascular necrosis of the femoral head, arthrog-
raphy may show up torn flaps of cartilage. After hip 
replacement, loosening of a prosthesis may be revealed 
by seepage of the contrast medium into the cement/
bone interface. In the hip, ankle, wrist and shoulder, 
the injected contrast medium may disclose labral tears 
or defects in the capsular structures. In the spine, 
contrast radiography can be used to diagnose disc 
degeneration (discography) and abnormalities of the 
small facet joints (facetography).

Myelography
Myelography was used extensively in the past for 
the diagnosis of disc prolapse and other spinal canal 
lesions. It has been largely replaced by non-invasive 
methods such as CT and MRI. However, it still has 
a place in the investigation of nerve root lesions and 
as an adjunct to other methods in patients with back 
pain. 

The oily media are no longer used, and even with 
the ionic water-soluble iodides there is a considerable 
incidence of complications, such as low-pressure head-
ache (due to the lumbar puncture), muscular spasms 
or convulsions (due to neurotoxicity, especially if 
the chemical is allowed to flow above the mid-dor-
sal region) and arachnoiditis (which is attributed to 
the hyperosmolality of these compounds in relation 
to cerebrospinal fluid). Precautions, such as keeping 
the patient sitting upright after myelography, must be 
strictly observed.

Metrizamide has low neurotoxicity and at working 
concentrations it is more or less isotonic with cere-
brospinal fluid. It can therefore be used throughout 
the length of the spinal canal; the nerve roots are also 
well delineated (radiculography). A bulging disc, an 
intrathecal tumour or narrowing of the bony canal 
will produce characteristic distortions of the opaque 
column in the myelogram.

PLAIN TOMOGRAPHY
Tomography provides an image ‘focused’ on a 
selected plane. By moving the tube and the X-ray film 
in opposite directions around the patient during the 
exposure, images on either side of the pivotal plane 
are deliberately blurred out. When several ‘cuts’ are 
studied, lesions obscured in conventional X-rays may 

be revealed. The method is useful for diagnosing seg-
mental bone necrosis and depressed fractures in can-
cellous bone (e.g. of the vertebral body or the tibial 
plateau); these defects are often obscured in the plain 
X-ray by the surrounding intact mass of bone. Small 
radiolucent lesions, such as osteoid osteomas and 
bone abscesses, can also be revealed.

A useful procedure in former years, conventional 
tomography has been largely supplanted by CT and 
MRI.

COMPUTED TOMOGRAPHY (CT)
Like plain tomography, CT produces sectional images 
through selected tissue planes – but with much 
greater resolution (Figure 1.18). A further advance 
over conventional tomography is that the images are 
trans-axial (like transverse anatomical sections), thus 
exposing anatomical planes that are never viewed in 
plain film X-rays. A general (or ‘localization’) view 
is obtained, the region of interest is selected and a 
series of cross-sectional images is produced and digi-
tally recorded. ‘Slices’ through the larger joints or tis-
sue masses may be 3–5 mm apart; those through the 
small joints or intervertebral discs have to be much 
thinner.

New multislice CT scanners provide images of 
high quality from which multiplanar reconstruc-
tions in all three orthogonal planes can be produced. 
Three-dimensional surface rendered reconstructions 
and volume rendered reconstructions may help in 
demonstrating anatomical contours, but fine detail is 
lost in this process.

Clinical applications
Because CT achieves excellent contrast resolution 
and spatial localization, it is able to display the size, 
shape and position of bone and soft-tissue masses 
in transverse planes. Image acquisition is extremely 
fast. The technique is therefore ideal for evaluating 
acute trauma to the head, spine, chest, abdomen 
and pelvis. It is better than MRI for demonstrat-
ing fine bone detail and soft-tissue calcification or 
ossification.

Computed tomography is also an invaluable tool 
for assisting with preoperative planning in second-
ary fracture management. It is routinely used for 
assessing injuries of the vertebrae, acetabulum, prox-
imal tibial plateau, ankle and foot – indeed com-
plex fractures and fracture-dislocations at any site 
(Figure 1.19).

It is also useful in the assessment of bone tumour 
size and spread, even if it is unable to characterize the 
tumour type. It can be employed for guiding soft- 
tissue and bone biopsies.
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