Basic
Musculoskeletal
Radiology
2nd Edition
Tim Coughlin
Kirstine Coomer

Basic
Musculoskeletal
Radiology
2nd Edition

A Brief Introduction to Musculoskeletal
Radiology for Medical Students and
Junior Doctors
Mr. Tim Coughlin BM BS BMedSci MRCS
Dr. Kirstine Coomer BM BS BMedSci

Introduction
Orthopaedic x-rays and other radiological tests often strike fear into the
hearts of medical students, especially as exams draw close. Whether this is
due to poor teaching, a lack of exposure, or conflicting information from
diﬀerent sources is hard to tell. What is clear is that a short, concise
walkthrough of common x-rays is lacking. is is the void we hope to fill
with this book.

e first thing to remember is that it is not diﬃcult! In a viva, there are
many diﬀerent conditions which could be placed in front of you, but if you
remember the basic principles and a small number of classification systems
you will be fine. As with so many things in medicine it is experience and
repetition which will hone your skills. Practice makes perfect.

In this book we will concentrate on interpreting x-rays, but will briefly
mention other imaging modalities such as CT and MRI, as they are
commonly seen in clinical practice and a basic knowledge of them is
essential.

Basics of X-rays
ere are certain things which you must do when looking at any
radiological investigation. e first of these is to check the patient
demographics; the name, age and date of birth or hospital humber of the
patient. It goes without saying, that you do not want to describe a fracture
perfectly, only to realise later that the investigation belongs to the wrong
patient!
Next and equally importantly, is to check the date the investigation was
performed. I remember a specific case where a patient was referred to me as
a fractured neck of femur from the emergency department. I went to
examine the patient and suspiciously they did not exhibit the appropriate
clinical findings. e emergency department doctor showed me the x-ray
which undoubtedly did show a neck of femur fracture. However, the date
on the x-ray was one year ago to the day! is had subsequently been fixed
and needless to say the current x-ray was less worrying for both me and the
patient. Fastidious checking of the basics is important and can save red
faces in the future.

Once you have confirmed you are looking at the correct x-ray, the next step
is to consider what it is you are actually looking at. In the first instance, this
is which bit of the body has been imaged. Usually it is clear, but I
remember when I first started looking at x-rays there was the odd knee
which looked like an elbow, and vice versa. Remember the orientation of
the x-ray as it is displayed may not be in the anatomical position, adding to
the confusion. e trick here is really experience, it does not take long, and
remember that a knee has a patella, an elbow doesn’t!

Next is to determine what view has been performed. e view is the
direction of the x-ray beam as it traverses the body to reach the developing
film. e commonest views are the anteroposterior (AP), lateral and
oblique views.

e views are related to the body when it is in the anatomical position, so
in an AP view the beam traverses the body from front to back whereas a
lateral view crosses the body from side to side. An oblique view will lie
somewhere between the two.

In orthopaedics it is generally considered a minimum to perform two
views. is is because an x-ray is a two dimensional image portraying a
three dimensional structure. Significant information can be lost or injuries
even missed by relying on one view only, as demonstrated below.

e AP view above shows significant angulation of this midshaft radius and
ulna fracture whereas all the angulation is missed on the lateral view
because the angulation all lies in the plane of the lateral x-ray.

Once the above information has been ascertained then this will allow you
to give the opening to your presentation of an x-ray. A typical example
would be; ‘e x-ray is of Mr Miggins, a 28 year old man born on the 5th
of August 1983. It shows an AP view of the forearm taken today. I would
also like to see a lateral view ...’.

Long Bone Fractures
When looking at x-rays of long bone fractures, you must be able to describe
the fracture to a colleague over the phone and project the x-ray you are
looking at into their mind. ere are a number of key descriptors which are
applicable to almost all long bone fractures and if you consider them all you
are unlikely to miss anything significant. Naturally this starts with a
statement of the bone or bones you are looking at. ere are then six
descriptors which should be communicated to give a complete picture:
1) Open / Closed
2) Location of Fracture
3) Configuration of Fracture
4) Angulation
5) Displacement
6) Comminution
ese are all discussed in more detail below.

CLOSED OR OPEN
e first thing to identify in all fractures is whether the fracture is open or
closed. An open fracture is defined as any fracture where the fracture or the
fracture haematoma is in communication with the outside world.
It is not always possible to tell this from x-rays alone but it is of critical
importance in terms of management. Open fractures are at high risk of
infection and should be treated as a surgical emergency.

e x-ray shows a dressing over the posterior aspect of an olecranon
fracture. is can indicate that the fracture is open and so it is useful to
note.

Open fractures are classified according to the Gustilo classification. is
considers the size of the wound as well as the degree of contamination.
ere are three groups with the third having three subclassifications. e
higher an injury is classified the more significant the risk of infection with
grade I injuries having around a 2% chance and grade III injuries a 10%
chance.

Grade I - Small wound with an in - out pattern (the bone spike has
penetrated the skin from within the body). ere is little soft tissue
damage.

Grade II - Wound greater than 1cm with no significant soft tissue loss and
no more than a moderate amount of crush injury or fracture comminution.
Grade III - Large wound with extensive soft tissue injury:
A - the fracture can still be adequately covered by remaining soft tissue.
B - more extensive soft tissue injury with underlying periosteal stripping.
Soft tissue cover no longer possible without local or distal flap.
C - any open fracture with an underlying arterial injury needing repair.
e second example on the previous page did have a vascular injury and so
would be classified as a grade IIIc injury.

LOCATION OF FRACTURE
When you have identified the bone which is fractured, the next descriptor
is the part of the bone which is aﬀected. All long bones are divided into
thirds; proximal, middle and distal. e proximal end of a long bone is the
end closest to the axial skeleton i.e. the spine and pelvis.

is x-ray shows an AP view of the right tibia and fibula with the proximal
middle and distal thirds marked.

If a fracture involves a joint then this should also be used to describe it. For
example this is a fracture of the proximal third of the tibia with extension
into the articular surface of the proximal tibia.
Sometimes an alternate way of describing the position of a fracture is used.
ese terms are diaphysis, metaphysis and epiphysis. ey relate to the
growth of long bones. In the immature skeleton long bones grow from the
physis or growth plate which is usually situated towards the end of long
bones.

e AP x-ray shows the ankle of a child. e segments of the bone are
labelled; a - epiphysis, b - metaphysis and c - diaphysis. e physis (growth
plate) is labelled d. In adults the physis is closed as the bone has stopped
growing and so is not present.

CONFIGURATION OF FRACTURE
e configuration of a fracture depends on the mechanism of injury. ere
are three patterns which are commonly seen; transverse, oblique and spiral.

Transverse fractures are caused by a direct impact, such as being struck by
an object, as shown in the x-ray above. e fracture is a straight line across
the bone at roughly 90 degrees to the cortex.

Oblique fractures are caused by an angulated blow or fall with ‘shear stress’
being passed through the bone. e x-ray above shows an oblique fracture
of the tibia and fibula. e fracture is in a straight line, at an angle to the
cortex.

Spiral fractures are caused by a torsional (twisting) force. e fracture above
was sustained in the tibia when the patient was struck during a rugby
match spinning his body but with his foot remaining planted on the
ground as he fell. e fracture ends are curved rather than straight as in
transverse and oblique fractures.

ANGULATION OF FRACTURE
Angulation at a fracture occurs when the bones no longer lie in their
normal line but have bent at the fracture site. To fully appreciate angulation
at least two views are necessary. e angulation is measured in degrees of
deviation away from the normal line. e x-ray below shows a fracture of
the tibia and fibula with around 10 degrees of valgus angulation.

Angulation can go in any direction in a three dimensional structure, but
when considering a two dimensional x-ray there are only two ways the
deviation can be described. A common way of describing the direction is
varus and valgus. Varus describes deviation of the distal fragment towards
the midline and valgus away from the midline (as in the x-ray).

DISPLACEMENT OF FRACTURE
Displacement refers to how far from the original point of contact the two
bone ends are following a fracture. Remember that to properly assess this,
there must be two views of the fracture as displacement in the plane of the
fracture on one view will not be obvious.

e fracture in the lateral x-ray above is an undisplaced spiral fracture of
the distal third of the tibia.

e fracture in this x-ray shows a significantly displaced, in fact oﬀ-ended
fracture, of the midshaft of the tibia.

COMMINUTION OF FRACTURE
Comminution is a term which refers to a fracture which is in more than
two pieces. In every fracture shown so far each bone has what is called a
simple fracture pattern. is is one break in a bone making two pieces. In
certain circumstances, especially high energy trauma, the bone may be
broken into multiple pieces.

e x-ray above shows a fracture of the distal humerus with at least four
separate fragments. is is therefore described as comminuted.

Shoulder and Humerus
THE NORMAL SHOULDER
e shoulder can be a diﬃcult region to interpret radiologically, because xrays have many overlapping bony structures and there is more than one
joint to consider. e whole shoulder girdle should be imaged and this
should include the sternoclavicular joint, clavicle, acromioclavicular joint
and the glenohumeral joint. Injury to the sternoclavicular joint is rare and
so this will not be considered further.

e above AP x-ray shows a normal shoulder joint with the major
structures labelled. SCJ = sternoclavicular joint. ACJ = acromioclavicular
joint. GHJ = glenohumeral joint.

e above axillary lateral shoulder x-ray is much harder to understand than
the AP view. When looking at a lateral shoulder x-ray, first work out what is
anterior and posterior. e key here is to see the fingerlike projection of the

coracoid process, which is always pointing anteriorly. e ACJ often lies
behind the humeral head. Note the congruency of the GHJ as this view is
often used to demonstrate dislocations.

CLAVICLE FRACTURES
Clavicle fractures are a common injury and are often seen in younger
patients playing contact sports. e majority of these fractures are treated
conservatively unless there is very significant displacement. Return to
function is often quick and patients are commonly pain free at two weeks
post injury though the fracture itself takes at least 6 - 8 weeks to unite.

e previous x-ray shows a comminuted fracture of the middle third of the
left clavicle. ere is minimal displacement and angulation. A second view
would be needed to assess the injury fully and for clavicle fractures this
would be a 30 degree oblique view. A true lateral would be impossible as
the rest of the body would be in the way.

e above x-ray shows a 30 degree oblique view which is usually marked to
identify it as above.
ere are two circumstances where clavicle fractures are surgically fixed.
e first is where there is significant displacement which is threatening the
skin. is means that one of the fracture ends (usually the proximal one) is
pushing against the skin, ‘tenting’ it up. is can result in pressure necrosis
and if left, the bone will eventually break through the skin. e second is
where the fracture has initially been conservatively managed but has gone
on to non-union (the fracture has not healed) and is subsequently causing
the patient symptoms. Common symptoms are pain and clicking when
working with the arm, especially with overhead tasks.

When operative intervention is necessary, clavicle fracture are usually fixed
with a plate as shown in the x-ray above.

ACROMIOCLAVICULAR JOINT OSTEOARTHRITIS
Arthritis in the acromioclavicular joint (ACJ) is a commonly overlooked
cause of pain in the shoulder and degeneration can often be seen on x-ray
as an incidental finding. It typically gives pain on the extreme of abduction
and on cross body adduction.
e patient usually complains of the pain being well localised over the ACJ.

e x-ray shows the ACJ has lost its joint space and has osteophytes at the
margins, two of the four typical features of osteoarthritis.
is condition can be managed by excising the joint either arthroscopically
or as an open procedure. It involves removing the distal end of the clavicle,
preventing pain occurring in the degenerate joint.

ACROMIOCLAVICULAR JOINT INJURY
Injuries to the acromioclavicular joint (ACJ) are sustained by moderate to
high energy trauma to the point of the shoulder. It can be seen after a fall
from a height or commonly as a sports injury. e degree of force causes a
sequentially increasing amount of trauma to the ligaments stabilising the
clavicle with a concomitant increase in the level of displacement. e
ligaments in question are the acromioclavicular ligaments (AC) and the
coracoclavicular ligaments (CC).
ese injuries are classified according to the Rockwood Classification,
from types I - VI.
Type I : Sprain of the AC ligament. is is a clinical diagnosis as
radiologically the joint appears normal.
Type II : Disruption of the AC ligament but intact CC ligament. In this
scenario the AC joint shows less than 50% vertical displacement.
Type III : Disruption of both the AC and CC ligaments with AC joint
dislocation. is is shown in the x-ray below.

Type IV : Disruption of both the AC and CC ligaments with posterior
dislocation of the AC joint. is is a relatively rare injury but caution must
be exercised as on an AP view it can appear normal, as the plane of the
dislocation of the AC joint is the same as the x-ray.
Type V : Type V : Gross superior displacement. is is measured using the
coracoclavicular distance which shows 100% - 300% displacement is grade
V injuries. is is shown in the x-ray below. Tenting of the overlying skin
can be seen.

Type VI : Inferior displacement.
e management of the injuries depends on the severity and a full
explanation is beyond the scope of this book. As a basic guide, types I - III
can be managed conservatively with a sling for comfort with early
mobilisation. Types IV - VI need surgical intervention.

GLENOHUMERAL ARTHRITIS
e glenohumeral joint can cause significant morbidity when it starts to
become arthritic. More than any other joint in the body it relies on a
significant range of motion to provide function and as arthritis progresses
this range of motion is increasingly lost.

Osteoarthritis (OA) is the commonest degenerative process in the
glenohumeral joint. ere are four cardinal features of osteoarthritis which
may be seen on x-ray:
Joint Space Narrowing - as the cartilage which lines the joint becomes
increasingly degenerate it narrows, eventually leaving exposed bone.
Radiologically this is eventually seen as bone touching bone at the joint.
Osteophytes - osteoarthritis is a proliferative disease, where the bone tries to
repair itself as it becomes increasingly more damaged. One of the signs of
this is osteophyte formation. ese are bony outgrowths seen at the margin
of the joint on x-ray.
Sclerosis - as the joint wears out the bone at the articular surface hardens to
accommodate for the increased wear it is undergoing. Radiologically this is
evident as whitening of the bone at the joint margin (more radiodense).
Cysts - cysts are fluid filled sacs which extrude into the bone from the joint
during the disease process. ey are mainly filled with hyaluronic acid.
ey appear as radiolucent lesions within the bone as they are less dense
than the surrounding bone.

e above x-ray shows; subchondral sclerosis - a, osteophytes - b and joint
space narrowing - c. Cysts are often harder to see on x-ray and may be
absent.
Rheumatoid arthritis (RA) also aﬀects the shoulder in patients with the
condition. Remember that RA is a predominantly destructive inflammatory
process, in comparison to OA, and so the presence of osteophytes is not
seen in RA. Erosions are commonly seen which are essentially areas of bone
which are destroyed by the inflammation.

e above x-ray shows glenohumeral joint RA. ere is joint space
narrowing and widespread erosions on the humeral head where bone has
been destroyed.
Patients with significant symptoms from arthritis often go on to have
shoulder replacement of some sort. ere are many types of replacement
and a full description is unnecessary for an x-ray book.
e AP x-ray shows a shoulder resurfacing hemiarthroplasty. e operation
essentially involves cutting away the diseased humeral articular surface and

replacing it with a metal cap. It is the least invasive replacement used in the
shoulder and the glenoid is left untouched.

GLENOHUMERAL JOINT DISLOCATION
e definition of in any joint, is that a process has occurred which has
resulted in two articular surfaces which are normally in communication
becoming completely separated. ere are other conditions where two
articular surfaces move out of their normal position but are still partly in
contact. is is referred to as subluxation not dislocation.

e shoulder in this AP x-ray is chronically superiorly subluxed, as a
consequence of a large rotator cuﬀ tear. It is not dislocated the there
remains some communication in the joint.
e glenohumeral joint can become dislocated following trauma. e
diﬃculty comes in telling the direction of the dislocation on x-ray. By far
the commonest direction of dislocation is anterior, accounting for over
90% of cases.

e above x-ray shows an anterior dislocation of the glenohumeral joint.
e contour of the proximal humerus with the visible outline of the greater
tuberosity remains unchanged in contrast to posterior dislocation.
However, to be certain of the direction of dislocation, a second view should
always be obtained.

e above x-ray is a lateral view of an anterior dislocated shoulder. e
coracoid a is hard to see as it is behind the humeral head (as is often the
case). e humeral head b is completely in discontinuity with the glenoid c.
e other features are the acromion d, the AC joint e and the clavicle f.
Posterior glenohumeral joint dislocation is far more uncommon. It is
primarily seen in patients following a seizure or electrocution due to spasm
of the shoulder musculature. For this reason it often presents late, as the

patient is acutely unwell and the shoulder can easily be overlooked. e
distinguishing feature on x-ray is the ‘lightbulb sign’. is occurs because in
posterior dislocation the shoulder is held in internal rotation which rotates
the greater tuberosity into the plane of the x-ray, rendering it essentially
invisible on the x-ray.

e above x-ray shows a posterior dislocation of the glenohumeral joint.
Compare the prominence of the greater tuberosity on the normal shoulder
(inlay photo) to that of the main x-ray. e posteriorly dislocated shoulder

is more rounded and the squared appearance of the greater tuberosity is lost
making the proximal humerus appear more like a lightbulb.
e Hill-Sachs and Bankart Lesions
e Bankart lesion is a tear in the glenoid labrum with or without an
associated fracture of the glenoid itself. e 3D reformatted CT below
shows two bony fragments which have become detached along with the
labrum (not seen) following anterior dislocation.

If you look closely at the x-ray from the same patient the two bony
fragments can be seen (shown by the arrows). is is very easy to miss on
initial screening of the x-ray.

e Hill-Sachs lesion occurs on the ball of the humeral head as a
consequence of local pressure eﬀects when it it dislocated. It forms a wedge
shaped divot in the bone of the humeral head.
e two x-rays show the pre-dislocation axial lateral (above) and the post
reduction below. Note the abnormal divot in the humeral head shown by
the arrows. On the pre-reduction film the glenoid can be seen resting in the
groove showing how it develops.

e same defect is shown on the 3D CT reconstruction below looking at
the posterior aspect of the humeral head.

PROXIMAL HUMERAL FRACTURES
Fractures of the proximal humerus are common in the elderly population,
where they are usually caused by a fall onto the shoulder from a standing
height. In younger patients they are seen after significant trauma.

Fractures in this region are often amenable to conservative management,
especially in patients who have low functional demands. Management
should be with a collar and cuﬀ.

e x-ray shows a fracture through the anatomical neck of the proximal
humerus. ere is some displacement with flattening of the humeral head
making the articular surface more horizontal in orientation. e fracture is
comminuted with the greater tuberosity being a separate fragment. is can
be seen lying in front of the humeral head, although to confirm the

position a second view would be needed. ese fractures can be treated
with a locking plate as shown below.

It is very important when looking at proximal humerus fractures that there
is not a concurrent dislocation. It is easy to miss but significantly aﬀects
outcome as reduction of the glenohumeral joint should occur as a matter of
urgency.

e AP x-ray shows an anterior fracture dislocation of the glenohumeral
joint which is relatively obvious. ere is a fracture of the greater tuberosity
associated with the dislocation.

Elbow and Forearm
THE NORMAL ELBOW
e elbow consists of three joints. ese are between the humerus and ulna,
humerus and radius and the ulna and radius. e articulations with the
humerus allow flexion and extension. e articulation between the radius
and ulna allows forearm pronation and supination. Fractures in this region
are often subtle and sometimes only secondary signs can be seen on x-ray to
indicate their presence.

e above x-ray is a normal AP view of the elbow. e structures as labelled
are: a - humerus, b - olecranon fossa, c - medial epicondyle, d - lateral
epicondyle, e - capitellum, f - radial head, g - coronoid process, h - ulna.
e three joints are therefore called the radiocapitellar joint (e, f) and
humeroulnar joint (above g) which allow flexion/extension, and the
proximal radioulnar joint (g, f) which allows forearm pronation and
supination.

e above x-ray is a normal lateral elbow x-ray. e structures as labelled
are: a - humerus, b - capitellum, c - olecranon, d - coronoid process of the
ulna, e - radial head, f - ulna, g - radius.

THE FAT PAD SIGN
On some x-rays you may hear people refer to the presence of the fat pad
sign. is signifies the likely presence of a fracture where the fracture itself
may not be obvious. It is seen due to the presence of a lipohaemarthrosis
(fat and blood within the joint). It is most commonly seen on lateral views
of the elbow and knee.

On this lateral view of the elbow, the fat pad is the dark triangle in the soft
tissues behind the distal humerus, shown by the white arrow. It signifies the
presence of fat floating on top of blood within the joint capsule. A normal
joint should not have either of these present within the capsule and both
substances are released by a fracture. A dark anterior triangle is a normal
finding caused by radial and coronoid fat but when this is elevated as is
seen in this x-ray, it is also considered pathological.

RADIAL HEAD FRACTURES
Radial head fractures are usually sustained after a fall on an outstretched
hand. ey are often hard to see and clinically are likely if the patient has
pain over the radial head on palpation and restricted elbow extension and
forearm pronation and supination.

e x-ray above is actually the AP view of the previous lateral x-ray in the
fat pad section. On this x-ray a subtle fracture of the radial head can be
seen, demonstrated by the arrow.
Radial head fractures are classified according to the Mason classification:
Type I - undisplaced fractures (as in the x-ray). ese are conservatively
managed with early mobilisation.
Type II - displaced fractures. Where the fracture is significantly displaced
open reduction and internal fixation is commonly performed.
Type III - comminuted fractures. If the radial head is smashed and
unreconstructible it is either replaced with a radial head replacement or
excised and left.
No patient with a radial head fracture should be placed into a plaster which
splints the elbow. Immobilisation of the elbow quickly leads to stiﬀness
which is very diﬃcult to reverse.

OLECRANON FRACTURES
Olecranon fractures are usually caused by direct trauma to the point of the
elbow sustained during a fall. ey are usually clinically and radiologically
quite obvious.

is x-ray shows a displaced fracture of the olecranon. ese injuries can be
surgically treated in a number of ways. One of the commonest procedures
performed is the tension band wire.

e above x-ray shows a lateral elbow view of an olecranon fracture fixed
with a tension band wire. ere are two k-wires bent over at the end with a
loop of wire in a figure of 8 to add compression to the fracture.

MONTEGGIA AND GALEAZZI FRACTURES
A Monteggia fracture is a fracture of the proximal ulna with concomitant
dislocation of the radial head. ey are often sustained by a direct blow at
the site of the fracture. e direction of the radial head dislocation is the
same as the apex of the ulna fracture.

e above x-ray shows a posterior dislocation of the radial head with a
proximal ulna fracture with its apex pointing posteriorly.

e Galeazzi fracture can be thought of as the inverse of the Monteggia. In
this fracture pattern there is a fracture of the radius with a dislocation of the
distal radioulnar joint.

In the above x-ray there is a fracture of the distal third of the radius with a
dislocation distal radioulnar joint. On a lateral x-ray the ulna and radius
should be superimposed throughout their length and the distal ulna should
be in line with the carpal bones. In a Galeazzi fracture neither of these is the
case.

ELBOW OSTEOARTHRITIS
Elbow osteoarthritis (OA) is common in patients who have spent a
significant amount of time involved in heavy manual jobs. It is however less
common overall than hip and knee OA. As in all joints it presents with an
insidious onset of pain and reduced range of movement.
e features of elbow OA are the same as in any joint. ey are joint space
narrowing, subchondral sclerosis, osteophytes and bone cysts.

e x-ray shows an AP view of an osteoarthritic elbow. ere are clear
marginal osteophytes labelled a. e radiodensity of the bone is increased
(more white) in the sclerotic area b. e joint space is narrowed, most
markedly so in the area labelled c.
Arthritis at the elbow can be treated with total elbow replacement.
However, after the operation is performed, significant restriction is placed
on the patient and they are restricted to holding a small amount of weight
in the hand of the operated side. It is therefore inappropriate for patients
who intend to continue work. In these patients the joint can be opened and
debrided of osteophytes to try and improve the pain and restriction in
movement. is operation is called the Outerbridge and Kashiwagi
procedure, usually shortened to the OK procedure.

e above lateral x-ray shows a total elbow replacement in situ. Note that
the radial head has been excised which is a normal part of the operation.

The Wrist
THE NORMAL WRIST
e wrist joint is commonly injured and there and many structures which
can be aﬀected. ere are a small number of common injures which you
should be aware of. e normal wrist, as shown below, has two important
angles to appreciate; volar tilt and radial inclination.

In the normal wrist there should be 25 degrees of radial inclination (as
shown on the AP view) and 10 degrees of volar tilt (as shown on the lateral
view). e radius should be slightly longer than the ulna at the distal
radioulnar joint (around 2mm) labelled a in the x-ray.

e x-ray shows the carpal bones in the normal wrist. e bones are
labelled; a - scaphoid, b - lunate, c - triquetral, d - pisiform, e - hamate, f capitate, g - trapezoid, h - trapezium. ere is usually a degree of
superimposition of the carpal bones, especially triquetral and pisiform, and
trapezoid and trapezium.

DISTAL RADIUS FRACTURES
e commonest distal radius fracture is the Colle’s fracture. While its
original description is of a transverse fracture around one inch from the the
distal radius with dorsal displacement, it has become synonymous with any
distal radius fracture with dorsal displacement. ese injuries are typically
sustained by the elderly, in osteoporotic bone, following a fall on an
outstretched hand (or FOOSH injury).
e mechanism of injury dictates the fracture pattern the patient presents
with. When a patient sustains a Colle’s fracture the normal angles of the
wrist are disrupted. e radius is shortened as it is punched down by the
axial force. e radial inclination is flattened by the same mechanism. On
the lateral view the volar tilt is reversed into dorsal tilt.

e x-ray above shows these three classical features shown by the arrows.
Note there is also a fracture of the ulna styloid.
e first stage in management is to manipulate the wrist, reversing the three
causative forces, and then place the wrist into a well moulded plaster to
hold the reduction.
e x-ray below shows a wrist fracture post manipulation. e key in
manipulating wrist fractures is to reverse the mechanism in the
manipulation and then hold the position with a plaster. e wrist is pulled
to draw the impaction out to length. It is then pulled into radial deviation
and placed into flexion to reverse the flattening of the radial inclination and
the dorsal tilt.

Manipulation should be attempted in all fractures of the distal radius no
matter how severe the injury. It is almost impossible to make the position
worse through manipulation and if the position is good then an operation
may be avoided. It is important that patients being conservatively managed
are followed up at least for the first 2 weeks with serial x-rays to ensure the
position does not slip.

A Smith’s fracture is also known as the reverse Colle’s fracture. It is caused
by a fall onto a flexed wrist (rather than extended in Colle’s fractures). e
fracture is extra-articular and there is volar displacement of the distal
fragment.

e above x-ray shows a typical Smith’s fracture. Note the volar
displacement in contrast to the dorsal displacement of the Colle’s fracture.

SCAPHOID FRACTURES
Fractures of the scaphoid are often sustained after a FOOSH injury like
Colles fractures and may co-exist with them. ey are subtle fractures and
are often missed.
ere are three key clinical findings; pain in the anatomical snuﬀ box on
palpation, pain on palpation of the scaphoid tubercle and pain on
telescoping of the thumb.
If suspicion is raised by clinical examination, but no fracture is seen, the xray should be repeated 14 days after injury. Undisplaced fractures are often
missed initially but after this period of time may become radiologically
more obvious with the development of a lucent line.
If clinical examination remains suspicious at 14 days but the x-ray remains
normal, CT or MRI scanning can be used to confirm or refute the
diagnosis.
e blood supply principally enters the bone distally, so the closer a fracture
is to the proximal pole (closer to the radius), the more likely avascular
necrosis of the proximal fragment is. is makes it all the more important
to diagnose the injury early.

e above x-ray shows a fracture of the waist of the scaphoid labelled a. e
rest of the carpal bones are labelled; b - lunate, c - triquetral, d - pisiform, e
- hamate, f - capitate, g - trapezoid, h - trapezium.

The Hand
THE NORMAL HAND
e normal hand is a complex structure with many bony elements. It is
therefore very easy to miss a fracture or degenerative condition. Excluding
the carpal bones there are nineteen separate joints in the hand. Careful
attention must be paid to each and every bone, especially at the joint
margins, not to miss something important.
ere are a number of views employed when imaging the hand. e
standard views are the AP and lateral views. An oblique view is also often
used.

e x-ray above is of a hand with no bony injury. e structures are
labelled; a - carpal bones, b - metacarpals, c - proximal phalanx, d - middle
phalanx, e - distal phalanx, f - carpometacarpal joint, g metacarpophalangeal joint, h - proximal interphalangeal joint, i - distal
interphalangeal joint. e thumb only has a single interphalangeal joint
and a proximal and distal phalanx.

A lateral view of the hand is diﬃcult to take. One of the best ways of doing
this is to have the patient to make a pinch splaying the other fingers. is
avoids superimposition of the phalanges. An oblique view is also often used
to better image the metacarpals.

Brewerton views are special views which may also be useful in the
assessment of early OA by allowing subtle changes on the metacarpal heads
and phalangeal bases to be seen. Brewerton views are taken with the MCPJ
flexed to 65°, with the dorsum of the proximal phalanx lying on the cassette
and the beam passing 15° from the midline towards the radial side. It is
useful to know about this view but it is unlikely to come up in OSCE
examinations at medical student level.

FINGER OSTEOARTHRITIS
In primary osteoarthritis of the hand the distal interphalangeal joint (DIPJ)
is the most commonly aﬀected, followed by the proximal interphalangeal
joint (PIPJ) with the least commonly aﬀected being the
metacarpophalangeal joint (MCPJ). e condition develops gradually with
advancing age, although it is sometimes seen in the younger population.
Radiographic changes of OA in the hand are similar to other joints and
include joint space narrowing, subchondral sclerosis, cysts and osteophytes.

e x-ray shows arthritis developing at varying stages in the PIPJ and DIPJ
of the index and middle fingers. e most advanced changes are present at
the DIPJ of the middle finger with large lateral osteophytes and joint space
destruction.

Kellgren and Lawrence described a classification system of joint OA
published in 1957. It is applicable to finger OA and is based on the
radiological findings of PA x-rays of both hands.
Grade

Description

Features

0

No OA

No radiological features.

1

Doubtful OA

Osteophytes with doubtful significance.

2

Minimal OA

Definite OA with unpaired joint space.

3

Moderate OA

Moderate joint space loss.

4

Severe OA

Significant joint space loss with subchondral sclerosis.

e table below shows example x-rays of the Kellgren Lawrence scale in the
PIP joint of the fingers.

RHEUMATOID ARTHRITIS
Rheumatoid arthritis (RA) is a systemic, inflammatory, autoimmune disease
associated with synovitis and a number of extra-articular features. Any joint
with a synovial lining can be aﬀected by the disease, although most
commonly it aﬀects the small joints of the hands and feet in a symmetrical
pattern. Other joints commonly aﬀected include the ankles, wrists, elbows,
knees, shoulders and cervical spine.
Early radiological changes of hand RA are soft tissue swelling around the
PIPJs and MCPJs. e DIPJs are usually spared, in comparison to OA
where this is the most common site. ere is uniform joint space narrowing
and juxta-articular osteopaenia, although this can become more diﬀuse as
the disease progresses.
Erosions initially form at the ‘bare area’ of the joint where the hyaline
cartilage ends, leaving an unprotected intra-articular area. Proliferative
synovium erodes into this area to create marginal erosions.

e x-ray above shows marginal erosions, most prominent at the PIPJ of
the 2nd - 4th fingers. Note also the localised osteopaenia and uniform joint
space narrowing.
As the disease progresses the classic rheumatoid deformities appear.

e swan neck deformity (hyperflexed DIPJ and hyperextended PIPJ) is
shown in the above lateral x-ray.

e Boutonnieres deformity (hyperflexed PIPJ and hyperextended DIPJ) is
shown in the above lateral x-ray.
e other deformities which classically develop are ulnar deviation at the
MCPJs, Z-shaped thumb (flexion at MCPJ, extension at IPJ) and in later
disease, bony subluxation. In very severe disease there is ankylosis (fusion)
across the joint, leading to severe and fixed deformities.

e x-ray above shows ulnar deviation at the MCPJs and a Z-shaped
thumb.

e x-ray above shows subluxation at all 5 MCPJs, with a Boutonniere’s
deformity of the 5th finger.

PSORIATIC ARTHRITIS
Psoriatic arthritis is a seronegative arthropathy associated with psoriasis.
ere are 5 commonly recognised subtypes, although there is often overlap
between them:
Asymmetrical oligoarticular arthritis: aﬀecting fewer than 5 joints, often
including one large joint along with some smaller joints in the hands and
feet. is is one of the least severe forms.
Symmetrical polyarthritis: a symmetrical picture, classically aﬀecting the
hands, wrists, ankles and feet. is presentation is similar to rheumatoid
arthritis but with involvement of the DIPJs and less severe deformities.
Distal interphalangeal joint predominant: not common, often associated
with significant nail changes.
Arthritis mutilans: severe form of the disease with marked joint destruction
and deformity. Classically patients develop telescoping digits clinically with
a ‘pencil in cup’ deformity on x-ray.
Spondylitis: aﬀecting the spine, with or without sacroiliac involvement
Psoriatic arthritis shows minimal osteopaenia in comparison to degenerative
disease and RA. Erosions are similar to the marginal erosions of rheumatoid
arthritis, but specific to psoriatic arthritis is the early involvement of the
DIPJ. Erosions can also have a fuzzy, indistinct margin due to bone
proliferation adjacent to the erosion. Extensive erosions and bone
resorption lead to a ’pencil-in-cup’ deformity. is feature is most
commonly (but not exclusively) found in psoriatic arthritis.

e above x-ray shows some of the distinguishing features of psoriatic
arthritis, including DIPJ involvement, preservation of bone mineralisation,
loss of joint space and periarticular erosions.
As well as erosions, x-rays typically show bony proliferation, giving bony
outlines a fuzzy, tuft-like appearance. is proliferation can happen at the

site of erosions or along the bone shaft and at entheses (ligament inserions).
In severe disease this leads to bony ankylosis (fusing of the joints) as shown
in the x-ray below.

FINGER ARTHRITIS SUMMARY
A summary of the typical radiological changes of the three types of finger
arthritis we have seen are summarised in the table below.

MCP - metacarpophalangeal joint, PIP - proximal interphalangeal joint and
DIP - distal interphalangeal joint.

HAND FRACTURES
A full description of all the common fractures sustained in the hand is
outside of the level of knowledge I would expect for a medical student.
However, obvious injuries should be seen and the basic principles of
describing a long bone fracture should be applied.

e x-ray above shows a fracture of the proximal phalanx of the left little
finger. e fracture is simple, oblique and extra-articular (just). It extends
from the middle of the ulnar side of the bone to the distal end of the radial
side. It is minimally displaced and on this view does not appear angulated.

FINGER DISLOCATIONS
Dislocation of the joints of the fingers are common. ey are often seen in
contact sports and the mechanism is often someone pulling away while
being held onto tightly by the injured hand. Remember that in order to be
a dislocation there must be no contact between the articular surfaces of the
aﬀected joint.

e above AP and lateral x-rays show a dislocation of the proximal
interphalangeal joint of the little finger. It illustrates the importance of two

views again, as the injury is quite subtle on the AP view and could be
missed.
Management involves relocation of the joint under regional anaesthesia and
repeat x-ray to ensure no fracture has been caused and that the joint is fully
relocated.

The Pelvis and Hip Joint
THE NORMAL PELVIS AND HIP JOINT
e hip joint makes up a significant proportion of the workload in
orthopaedics both in terms of trauma and elective practice. It is therefore a
favorite of examiners and is one of the joints where a good level of
knowledge is expected.

e above AP x-ray shows the normal pelvic and hip joint structures. e
labels are; a - sacrum, b - sacroiliac joint, c - ilium, d - pubis, e - ischium, f pubic symphysis, g - obturator foramen, h - acetabulum, i - femoral head, j
- femoral neck, k - lesser trochanter, l - greater trochanter and m - femoral
shaft.

e above x-ray shows a lateral view of the hip joint. e structures are
labelled; a - greater trochanter, b - lesser trochanter, c - femoral neck, d femoral head, e - femoral shaft, f - fracture of greater trochanter and g acetabulum.

FRACTURES AROUND THE HIP
Fractures around the hip are a common injury, especially in the elderly.
ey can also be seen in younger patients where high energy trauma is
sustained.
ere are two key groups of fractures in the proximal femur that you
should know about. ese are intracapsular and extracapsular fractures.

e capsule of the hip joint lies along the base of the neck as shown by the
white line in the x-ray. Fractures more proximal than this are intracapsular,
or within the capsule. is is important because the blood supply runs to
the head (the ball of the ball and socket joint) from the capsular insertion at
this point (distal to proximal). erefore, fractures proximal to the capsule,
which are neck of femur fractures to all intents and purposes, place the
blood supply at risk. Fractures outside the capsule i.e. extracapsular
fractures, do not.

e above x-ray shows the major blood supply to the femoral head. You can
see that 90% of the blood supply comes from the profunda femoris via the
medial and lateral circumflex arteries. ese lie just proximal to the
insertion of the capsule. Only 10% of the blood supply comes from the
artery through the ligamentum teres, which on its own is inadequate to
supply the femoral head.
Another important point to consider is that ‘neck of femur fractures’, often
referred to as a NOF for short, are just that; fractures of the neck.
Extracapsular fractures in general are not fractures of the neck, but what is
called the intertrochanteric or subtrochanteric region; that is, they occur
between or below the trochanters. ese are more correctly termed
proximal femur fractures.

INTRACAPSULAR FRACTURES
As has already been seen, intracapsular fractures threaten the blood supply
to the bone of the femoral head, by potentially disrupting the blood vessels
running up the neck. e risk is present in any intracapsular fracture.
However, if the fracture is undisplaced, the risk is lower. If the fracture is
displaced, then the risk is higher. is has significant implications for the
way these fractures are managed.
e Garden Classification of neck of femur fractures is based around this
concept and is relatively simple to learn and put into practice. If you do not
remember it however, do remember the importance of displacement,
thinking of femoral neck fractures as displaced or undisplaced, as this is the
key to management.
ere are four classifications described by Garden as shown below.

Garden I - these are described as valgus impacted fractures as the lateral
cortex only is broken with crushing of the bone beneath it. e medial
cortex remains intact. is is an undisplaced fracture.

Garden II - these fractures traverse both cortices, so a crack can be seen on
both sides. ey remain undisplaced.

Garden III - these are complete fractures where there remains some contact
between the two fragments. e way to assess this is by looking at the
trabeculae. ese are lines of stress which, in the resting position, should
line up between the femoral and the acetabulum. Where there remains
contact at the fracture site, the distal fragment displaces the head causing
rotation and malalignment of trabeculae as seen above (shown by the white
lines).

Garden IV - these fractures are also displaced, but as can be seen the
trabeculae between the head and acetabulum now line up (shown by the
black lines). Where there is no bony contact at the fracture site the head
naturally falls back into its resting position .
ough this classification is important to know for exam purposes, the
divisions between I & II and III & IV are of little significance when it
comes to management. e treatment of intracapsular fractures generally
follows the pattern of fixation for undisplaced fractures (I and II) and
replacement for displaced fractures (III and IV). A common aide memoir
is, ‘Garden one and two; use a screw. Garden three and four; Austin
Moore’, the Austin Moore being a type of hemiarthroplasty or half a hip
replacement.

e reason for this is that once the blood supply is disrupted there is a high
risk of the femoral head developing avascular necrosis (AVN). Remember
there are many causes other than trauma for avascular necrosis, including
steroid use and alcoholism. When AVN occurs the bone of the femoral
head becomes necrotic and then gradually collapses as shown in the x-ray
below.

e typical fixation method for undisplaced intracapsular fractures is to
insert two or three cannulated screws across the fracture site as in the x-ray
below. e screws are cannulated (have a hole down the middle), as they are
passed over a guidewire which is used to obtain the best position
intraoperatively.

Displaced intracapsular fractures are usually treated with some kind of joint
replacement. e most commonly used prosthesis is a hemiarthroplasty, so
called because it can be thought of as half a . Only the femoral head (the
ball of the ball and socket joint) is replaced, leaving the undamaged
acetabulum untouched.

ere are two types of hemiarthroplasty used in the hip. ese are unipolar
and bipolar prostheses. e diﬀerence between the two is the head inserted
onto the stem.

e x-ray below shows a cemented unipolar hemiarthroplasty.

e next x-ray shows a bipolar hip prosthesis. Note the position of the large
head as it is free to move on the smaller head inside. e x-ray shows an
uncemented stem.

Hemiarthroplasty diﬀers from total hip replacement where two separate
components are implanted, a cup for in the acetabulum and a femoral
component with a stem and a ball. ese are used less commonly in the
trauma situation, except where there is significant arthritis in the joint or
the patient is biologically young and expected to place higher demand on
the prosthesis.

e x-ray above shows a cemented total hip replacement. Note the presence
of cement around the radiolucent ‘cup’ (acetabular component).

EXTRACAPSULAR FRACTURES
Extracapsular fractures can take on a number of configurations but the
commonest is the intertrochanteric fracture. As one would expect this is a
fracture running between the greater and lesser trochanters and so is not a
fracture of the femoral neck. ey should therefore not be called a NOF,
but a proximal femur fracture. ey are not classified by the Garden system.

e above x-ray shows a three part intertrochanteric fracture of the
proximal femur. In this example the lesser trochanter has come away as a
separate fragment making up the three parts.

As these do not involve the capsule (which is proximal to the fracture line)
the blood supply to the femoral head should remain intact. Management
therefore centres around fixation as there is no need for replacement. For
the above fracture an appropriate management strategy would be a dynamic
hip screw.

e above x-ray shows a dynamic hip screw (DHS). e DHS works by
having a large screw running up the femoral neck into the head, which is
slotted through (but not fixed to) a plate on the shaft of the femur. is
allows the screw to compress the fracture as the patient mobilizes to aid
healing as shown by the arrow in the x-ray.

Fractures in the proximal femur can also occur in the subtrochanteric
region; that is below the greater and lesser trochanter. ese are also
extracapsular as one would expect and so fixation is again the surgical
treatment of choice.

e above x-ray shows a three part fracture of the proximal femur. is
pattern is referred to as a reverse oblique as it is an oblique fracture pattern
and running in the opposite direction to the intertrochanteric line. e
fixation method of choice is the gamma nail. is is an intramedullary nail
with a femoral screw. Unlike in the DHS, the screw is fixed in position
forming a rigid construct.

HIP OSTEOARTHRITIS
e hip joint is the second most commonly aﬀected by osteoarthritis.
Patients typically present with pain in the groin which radiates down the
anterior aspect of the thigh. However, pain from the hip can radiate to the
knee and knee pain is occasionally the only presenting feature of hip OA so
it is very important to examine the hip in any patient presenting with pain
in the knee.

e x-ray shows all of the four features of OA in the hip joint ; joint space
narrowing, osteophytes, cysts and subchondral sclerosis.
e mainstay of management of hip OA is total hip replacement. is
involves an acetabular component and a femoral component,

diﬀerentiating it from hemiarthroplasty commonly used to treat displaced
intracapsular neck of femur fractures.

ere are three broad categories of hip replacement that you should be
aware of. ese are cemented and uncemented total hip replacement and
hip resurfacing. e commonest hip replacement is the cemented total hip
replacement.

e x-ray shows a cemented total hip replacement. e prosthesis is
labelled 1 and, because it is metal, is the most radiodense material
appearing white. e cement is labelled 2. e bone of the greater
trochanter is labelled 3. You are looking at a cemented prosthesis if you see
three diﬀerent densities around the greater trochanter.
e next x-ray shows an uncemented total hip replacement. ere are only
two densities when tracing from the greater trochanter to the prosthesis
indicating the absence of cement. is is a common type of procedure and
so you must recognise it.

e x-ray below shows a hip resurfacing. e intention of this type of hip
replacement is to reduce the amount of bone taken away and so when the
replacement fails the revision surgery is potentially easier. However, there
have been some problems with this type of hip replacement in recent years
and they are significantly less common than the standard type of total hip
replacements seen previously.

INFLAMMATORY ARTHRITIS IN THE SACROILIAC JOINT
e sacroiliac joint is normally well demarcated and the joint space can
usually be seen on plain AP x-rays. e x-ray below shows a normal x-ray of
the sacroiliac joints.

Psoriatic Arthritis
Patients with psoriatic arthritis, which we previously met in the hand, may
develop sacroiliitis which in this disease is classically asymmetrical.

e radiograph shows the asymmetrical sacroiliitis of psoriatic arthritis
aﬀected the left sacroiliac joint. Note the indistinct, fuzzy joint line. e
right sacroiliac joint is unaﬀected, whilst the left is indistinct and starting to
fuse inferiorly.
Ankylosing Spondylitis
Ankylosing spondylitis (AS) is a seronegative arthropathy aﬀecting the axial
skeleton, with inflammation of the sacroiliac joints, facet joints,
paravertebral tissues and entheses. Early changes involve bilateral
sacroiliitis. Radiologically this has several features: an indistinct, fuzzy joint
line, iliac erosions, narrowing of the joint line and bony proliferation. In
severe disease there is total fusion of the joint.

e x-ray above shows the indistinct joint lines and loss of joint space
associated with bilateral sacroiliitis in AS, the right being slightly more
aﬀected than the left. e x-ray below shows progression to complete
bilateral loss of the sacroiliac joint spaces in keeping with the fusion of
severe ankylosing spondylitis.

PERTHES DISEASE
Perthes disease is more correctly called Legg-Calve-Perthes disease. It
describes idiopathic osteonecrosis of the capital epiphysis of the femoral
head akin to avascular necrosis in the adult femoral head.
It usually presents in the first decade of life and is five times more common
in boys than girls. e underlying cause has not yet been elucidated.

e condition usually presents late with gradually increasing symptoms of
groin, thigh and knee pain. Around 20% of cases are bilateral and so
investigation and imaging of both sides is important.
In general the condition is self limiting and there is rarely need for acute
operative intervention. However outcomes vary and residual deformity in
the femoral head can lead to early secondary arthritis in the joint. e x-ray
below shows well established Perthes disease in the left hip. e x-ray
changes seen are mixed sclerosis and radiolucency in the femoral head with
marked flattening of what should be a round structure.

A second view is normally taken which is commonly used for all hip
pathology in children. It is called the frog leg lateral view. e x-ray is taken
with the knees flexed and the feel together with the knees flopped out
laterally. It essentially gives you a lateral view of the proximal femur. e
example in the x-ray below is the same patient as on the AP view from the
previous page showing the same features.

SLIPPED UPPER FEMORAL EPIPHYSIS
SUFE or slipped upper femoral epiphysis is more commonly referred to
now as SCFE replacing the word upper with capital to signify it is the
epiphysis of the femoral head which has slipped out of place. It occurs
when there is a slip at the physis of the femoral head with the distal part
usually moving superiorly and into external rotation.
e condition is roughly twice as common in males and occurs in
adolescence. e left hip is more commonly aﬀected than the right. It can
be an acute event or present after a prolonged period as a chronic slip or an
acute on chronic event.
An aﬀected child will usually present with pain in the groin and a limp of
varying duration. e leg may be shortened and externally rotated on
examination. e most important thing to remember is that it is common
the child presents with only knee pain and so any child with knee pain
should have an x-ray of their pelvis taken to rule hip pathology out.
e AP x-ray shows a significant slip of the right femoral capital epiphysis.
e epiphysis is labelled a and the femoral neck (metaphysis) is labelled b.

As we saw in the previous section a frog lateral may also be taken to
confirm the diagnosis. If this is not done a slip could easily be missed if it is
in the plane of an AP view.

The Knee
THE NORMAL KNEE JOINT
e knee joint is in fact made up of three joints, or compartments, each or
all of which can be aﬀected by osteoarthritis. ese are the medial and
lateral tibiofemoral joints and the patellofemoral joint.

e above knee x-rays show the compartments of the knee labelled; a medial tibiofemoral joint, b - lateral tibiofemoral joint and c patellofemoral joint on the lateral view.
A third x-ray view is often used to assess the patellofemoral joint. is is the
skyline view.

e above x-ray is a normal skyline view. It is taken with the knee flexed
and the x-ray beam shooting through the flexed knee to get a clear view of
the patellofemoral joint.

KNEE OSTEOARTHRITIS
e knee is the most commonly aﬀected joint by arthritis and is typically
seen in older patients. Younger patients may be aﬀected especially if they
have previously sustained injury to the joint. is may not be bony injury
as meniscal or cruciate injuries can lead to secondary OA. As mentioned
above there are three knee compartments to be considered and arthritis can
be uni-, bi-, or tri- compartmental meaning there is arthritic degeneration
aﬀecting one, two or three of the joints.

is x-ray shows advanced medial compartment osteoarthritis. e joint
space is almost completely lost and there is advanced subchondral sclerosis.
A large osteophyte can be seen at the joint margin on the medial side of the
distal femur. Always use the fibula to orient yourself as it is a lateral
structure and the most obvious radiological compass on knee x-rays.
e next x-ray shows advanced lateral compartment knee osteoarthritis
with a relatively well preserved medial compartment.

is skyline view shows advanced patellofemoral OA with joint space
narrowing on the lateral side of the joint, osteophytes and subchondral
sclerosis.

As shown above the two tibiofemoral joints are often aﬀected
disproportionately which gives rise to varus and valgus deformities at the
knee. e term varus refers to the distal part moving towards the midline
from its normal position, in this case the tibia. e term valgus refers to the
distal part moving away from the midline.

On the left is a varus right knee. e dotted line shows the anatomical
midline which is the axis on which a normal knee should lie. Medial
compartment disease has caused the tibia to drift towards the midline. On
the right is a valgus right knee. Lateral compartment disease has caused the
tibia to drift away from the midline.

Knee OA is typically managed with joint replacement. e commonest
operation is a total knee replacement, where a prosthesis replaces all three
compartments. ere are newer designs for patients (usually younger
patients) who have arthritis aﬀecting only one of the compartments of the
knee. In these only the arthritic compartment is replaced and the rest of the
knee is left undisturbed.

e above x-ray shows a typical total knee replacement. is is a cemented
knee replacement although it is often harder to see this on x-ray than with
hip replacement as there is usually a much thinner layer of cement around
the prosthesis. Cemented knee replacement is commoner than uncemented
in the UK.

e next x-ray shows a patellofemoral joint replacement. As can be seen on
this AP view the medial and lateral tibiofemoral joints are well preserved
with little evidence of arthritis. e patient will however have had
significant and symptomatic patellofemoral joint arthritis. e less invasive
procedure of patellofemoral joint replacement has therefore been carried
out. Should the patient go on to develop tibiofemoral arthritis the revision
surgery is easier than if the patient had undergone total knee replacement
needing revision for loosening or infection.

e next x-ray shows a lateral view of a patellofemoral joint replacement.

e next x-ray shows a lateral compartment, unicompartmental knee
replacement. is can be used for patients with a single arthritic
tibiofemoral compartment. A similar prosthesis is used for both the medial
and lateral sides. In this patient both the medial tibiofemoral and
patellofemoral joints are well preserved.

TIBIAL PLATEAU FRACTURES
e tibial plateau is another name for the proximal tibia, including the
articular surface. It is fractured when the knee is forced into significant
varus or valgus stress and is usually a high energy injury. Fractures are
classified according to the Schatzker classification system from I - VI. e
commonest injury pattern is the Schatzker II, which involves a split of the
lateral tibial plateau with depression of its articular surface.

e x-ray shows a fracture of the lateral tibial plateau with the articular
surface punched down by the valgus stress.

ese fractures are often diﬃcult to fully appreciate on plain x-ray and so
CT scans are commonly used to demonstrate the fracture as shown below.

PATELLA FRACTURES
e patella is the bony part of the extensor mechanism of the knee which
attaches the quadriceps muscle to the tibia via the patella tendon. Fractures
are often caused by a fall onto the knee causing direct impact. Patients
often have pain or a complete inability to straight leg raise in the presence
of a fracture.

e above lateral x-ray shows a minimally displaced fracture of the patella.
Look for the defect at the articular surface under the letter a. ere is also a
gross lipohaemarthrosis indicating an intra-articular injury labelled b.
Management of this type of injury can be diﬃcult but the aim is to restore
the congruity of the articular surface to reduce the secondary arthritic
degeneration in the patellofemoral joint.

PATELLA DISLOCATION
e patella can also become dislocated and it is usually displaced laterally.
Most patients have a traumatic cause for the dislocation such as a lateral
blow to the patella. When this occurs the medial patellofemoral ligament,
one of the stabilising structures of the patella, almost always becomes
damaged. is can predispose to recurrent dislocation of the patella in the
future.

e above x-ray is a skyline view of a dislocated patella with lateral
displacement. e trochlear groove a should be congruent with the
articular surface of the patella b. e site of the insertion of the medial

patellofemoral ligament is labelled c and it is clear that the patella has
moved so far laterally the ligament must be injured.

The Ankle
THE NORMAL ANKLE JOINT
e true ankle joint itself consists only of the tibia, fibula and talus. is
joint is able to dorsiflex and plantarflex only and is essentially a hinge joint.
Inversion and eversion come from other joints as we shall see when we look
at the foot.

is is a normal AP view of the ankle with the labelled; a - tibia, b - fibula
and c - talus. e ankle joint can be seen as an equal line of articular
cartilage around the top of the talus forming what is known as the ankle
mortice. is should be equal all the way round in the normal joint.

e above x-ray is a normal lateral view of the ankle. e same structures
are labelled; a - tibia, b - fibula and c - talus. On the lateral view things are
harder to see as they are superimposed with the fibula lying behind the tibia
and talus.

ANKLE FRACTURES
Fractures of the ankle are often seen in young people as the result of
sporting accidents or falls. Before trying to understand ankle fractures an
additional part of the ankle must be appreciated; the syndesmosis.

e syndesmosis is signified in the x-ray above by the white oval. It is a
virtually immobile joint which links the distal tibia and fibula. is
stabilizes the ankle and prevents the two bones from splaying apart when
weight is put through the joint or a twisting force applied.

e arrows show the mortice of the ankle joint as previously mentioned,
which should be equal around the whole joint. When there is disruption of
the syndesmosis the talus becomes free to move. e line around the
mortice becomes unequal and this is called talar shift
e Weber classification of ankle fractures refers to fractures of the fibula,
or lateral malleolus. ere are three categories, labelled a, b, and c, and to
appreciate which group a fracture belongs to one must look at both the
syndesmosis and the mortice.

e above x-ray shows a Weber A fracture. ese are fractures which lie
below the level of the syndesmosis. ese are stable injuries and are usually
conservatively managed in plaster. ere is no disruption to either the
mortice or the syndesmosis.

e above x-ray shows a Weber B fracture. ese are fractures which lie at
the level of the syndesmosis. e syndesmosis itself is therefore intact but
the ankle may be unstable. ese are often treated conservatively initially
when they are undisplaced but must be serially followed for the first few
weeks with x-ray to ensure they do not displace.

e above x-ray shows a Weber C fracture. ese injuries are above the level
of the syndesmosis and always signify its disruption. ey are always
unstable and usually require operative fixation. ere is often significant
talar shift at presentation which should be manipulated into a normal
position as soon as possible. Looking at the x-ray above it is clear that the
mortice of the ankle is significantly disrupted showing talar shift.
When discussing ankle fractures you may also hear people talking about biand tri- malleolar fractures. is is because ankle fractures often present
with more than one fracture as in the Weber C example above. e fibula,
or lateral malleolus is one. e second is the medial malleolus which is also
broken on the x-ray. e third is the posterior malleolus and is usually
appreciated on the lateral view.

is x-ray shows the lateral and medial malleoli fractured, labelled 1 and 2
respectively.

is x-ray shows a fracture of the third malleolus which is in fact the
posterior rim of the tibia as it congruently hooks around the dome of the
talus (labelled 3).

PILON FRACTURES
Pilon fractures are a particularly severe type of fracture involving the ankle.
ey acquire their name from the french word pilon which translates as
pestle (as in pestle and mortar). is alludes to the mechanism of injury
which is a high impact axial loading injury ‘hammering’ the talus into the
distal tibia. A fall from a height landing on the feet would be a typical
mechanism of injury.
ey are usually severe injuries with significant trauma to the surrounding
soft tissues. Around a quarter of these injuries will be open fractures.

e above AP x-ray shows a pilon fracture. Note the extension of the
fracture from the ankle joint up into the tibial metaphysis and diaphysis,
with severe comminution and fractures of both the medial and lateral
malleoli.

ANKLE OSTEOARTHRITIS
Osteoarthritis of the ankle is less common than the knee or hip but remains
a significant source of morbidity for patients. It can be seen in patients
some years after sustaining an ankle fracture as secondary arthritis.

e above x-ray shows a severely arthritic ankle. e usual features of joint
space narrowing, osteophytes and subchondral sclerosis can clearly be seen.
e mortice which is seen as equal all the way round the normal joint is
clearly disrupted and the talus has in fact tilted into varus.

Management for these patients can involve ankle replacement. However,
results are not as good as for hip and knee replacement and fusion of the
joint is more commonly performed. is prevents any movement but also
takes away the pain of the arthritis.

The Foot
THE NORMAL FOOT
As we have seen in the hand the foot is made up of many bones and there
are many joints to consider. ere are 26 bones in the foot if one includes
the talus and so again great care must be taken not to miss and injury or
degenerative process. When imaging the foot with x-rays three views are
often used in order to get a clear view of every bone and joint. ese are the
normal AP and lateral views and an additional third oblique view. e
oblique view often shows the tarsal bones and metatarsophalangeal joints
more clearly.

is lateral x-ray is labelled; a - calcaneum, b - talus, c - navicular and d cuboid.

e above x-ray is a normal AP view of the foot. is is mainly used to
interpret the forefoot and to a lesser extent the midfoot. e tarsal bones
are labelled a, the metatarsals b, and the proximal, middle and distal

phalanges c. Remember than the big toe only has a proximal and distal
phalanx similar to the thumb in the hand.

e above x-ray is an oblique view of the foot. e structures of the
midfoot and hindfoot are labelled; a - calcaneum, b - talus, c - navicular, d -

cuboid, e - lateral cuneiform, f and g - intermediate and medial cuneiforms
(superimposed). In the forefoot the sessamoid bones of the first metatarsal
are labelled h.

CALCANEAL FRACTURES
Fractures of the calcaneum are usually caused by an axial loading forced
onto the foot such as a fall from a height onto the feet. ey can be
particularly problematic for the patient as chronic pain on weightbearing is
common after these fractures.

e above x-ray shows a displaced fracture of the calcaneum. Note the step
in the cortex on the inferior aspect of the calcaneum indicating the presence
of the fracture.
When undisplaced these fractures can be treated conservatively but when
displacement is present then operative management can help treat the
injury by reducing the flattening of the bone and improving post operative
pain.

LISFRANC INJURIES
e Lisfranc joint is another name for the tarsometatarsal joint. Injury to
the joint is common in athletes where the foot is held in place by straps
(such as windsurfers and cyclists) and the patients falls and twists with the
foot engaged. It can also be caused by a fall from a significant height.

ere are three categories of injury depending on the direction of
displacement of the metatarsals. e above x-ray shows the injury labelled a
which would be classified as an homolateral injury. e metatarsals are all
displaced laterally.
e other two classifications are isolated where some of the metatarsals are
displaced in the same direction and divergent where all the metatarsals are
displaced in a saggital or coronal plane.
If there is minimal displacement then conservative management can be
attempted in a plaster with the patient non-weightbearing. If there is
significant displacement then fixation with k-wires or screws should be
attained to allow the stabilising ligaments to heal. In all cases the patient
should remain non-weightbearing for 6 - 12 weeks.

GOUT IN THE FOOT
Gout is a disorder of uric acid metabolism. Deposit of monosodium urate
crystals within joints and soft tissues leads to inflammation and progressive
destruction of the joint. Early radiological findings include asymmetrical
soft tissue swelling, classically in the first metatarsophalangeal joint. e
most commonly aﬀected joint in gout is the first metatarsophalangeal joint
(MTPJ).
Development of chronic tophaceous gout occurs many years later. Tophi
can be seen on x-ray as dense soft tissue nodules. ese tophi can erode into
the bone, leading to punched out, extra articular or periarticular erosions.

ese have sharp, overhanging edges and a sclerotic rim. Severe erosions
can lead to marked joint deformity.

e sharp punched out erosions and marked destruction of the 1st (MTPJ)
seen typically in chronic gout are shown in the x-ray above. In this example
the disease has become widespread aﬀecting all of the toes.

HALLUX VALGUS
Hallux valgus is a common condition in the middle aged and elderly
population. In common parlance the condition is referred to as a bunion. It
occurs when the big toe starts drifting into valgus (towards the other toes).
e condition is often attributed to footwear such as high heels, although
there is likely a significant genetic predisposition.
It may be asymptomatic in which case little needs to be done. When
symptoms do occur they are usually pain and soft tissue swelling over the
medial border of the first metatarsophalangeal joint. is swelling is the so
called bunion.

e x-ray above shows a severe case of hallux valgus. It nicely illustrates that
the deformity is rotational with the big toe having ‘turned’ laterally into
valgus. It also demonstrates that the second toe often overrides the first
(sticks up) as it has nowhere to lie with the first and third toes touching.

PES PLANUS
Pes planus is a condition better known as flat feet. It occurs when the arches
of the feet collapse bringing the whole sole of the foot into contact with the
floor. ere are many causes, both congenital and acquired. Sometimes the
condition is correctible and sometimes it it rigid and fixed.

e above x-ray shows a typical adult flat foot. Note the absence of the
medial arch of the foot on this lateral view. It is also important to note the
x-ray is labelled ‘weight bearing’. If the condition is correctible it may not
be detected on a non-weightbearing x-ray as the foot may reform the arches
in the absence of the stresses of body weight.

JONES FRACTURE
A Jones fracture is a fracture at the base of the fifth metatarsal which
typically occurs at the junction of the metaphysis and diaphysis. It
commonly sustained as an inversion injury and patients often present late
as they think they have sustained a sprain. By definition a Jones fracture is
an acute injury but when it presents late then it may have already become a
symptomatic non-union, one of the complications of the fracture.
It should be diﬀerentiated from an avulsion fracture, which presents more
proximally and a stress fracture which presents more distally. Avulsion
fractures are the most common injury at the base of the 5th metatarsal.

e above oblique view of the foot shows a Jones fracture labelled a. It is
quite subtle and minimally displaced. e fracture appears acute as there is
no widening of the fracture site and no surrounding sclerosis.
When the fracture is undisplaced it is appropriate to treat it conservatively
with a plaster and non-weightbearing. However, if non-union develops,
bone grafting and a compression screw is likely to be needed to achieve
union.

Radiology of the Spine
THE NORMAL SPINE
e spine is one of the more complex areas of the body when it comes to
radiological diagnosis. ere are many conditions which aﬀect the spine
and we will concentrate on a small number of these. As with any part of the
musculoskeletal system there are many imaging modalities which are used
to image the spine. However, perhaps more so than any other area, CT and
MRI play a large part in addition to the use of x-ray.
e Normal Cervical Spine
ere are three views which are commonly used to image the cervical spine
in the trauma situation. ese are the AP, lateral and peg views. e AP and
lateral views are taken as one would expect. For a lateral view to be
adequate it must image all seven cervical vertebrae down to the C7 / T1
junction. is can sometimes be problematic and recently CT scanning has
become more available and so its use in radiologically clearing the C-spine
is increasing.

e above lateral x-ray shows an adequate view of the normal c-spine. C1 is
labelled a. If you count down from this you can clearly see the junction of
the C7 and T1 labelled b.
e peg view is taken to image the odontoid peg. It is taken through the
open mouth. It also allows you to assess the C1 vertebra. e x-ray below
shows a normal peg view.

e odontoid peg of C2 is labelled a. e C1 vertebra is labelled b and the
body of the C2 vertebra is labelled c.

e Normal oracic Spine
e thoracic spine can be diﬃcult to visualise on the AP view due to the
presence of overlying soft tissue structures and ribs. Injuries or degeneration
are often seen in the elderly population including wedge fractures. An AP
and lateral view are the usual views obtained.

e lateral view is probably more useful than the AP view and will more
clearly show the presence of wedge fractures.

e Normal Lumbar Spine
e lumbar spine is imaged in the same way as the thoracic spine with AP
and lateral views.

e AP view above shows; a - spinous process, b - transverse process, c vertebral body and d - intervertebral disc space.

e above is a normal lateral lumbar spine x-ray. e structures are labelled;
a - sacrum, b - L5 vertebral body, c - spinous process and d - pedicle.

SPINE OSTEOARTHRITIS
e spine is a common site of degenerative changes. It is most commonly
seen in the lumbar spine but can aﬀect the whole spine. It most commonly
causes pain and stiﬀness in the aﬀected area. It can also cause neurological
symptoms by causing impingement of the nerve roots, most commonly by
degeneration of the facet joints.

e above lateral x-ray shows widespread arthritic change in the c-spine
with narrowing of the disc spaces and marginal osteophytes.

SPONDYLOLISTHESIS
is is a condition where one vertebra slips on the one below it. You can
spot it if you follow what should be a smooth line down the posterior
aspect of each vertebral body. As with all injuries the distal part is said to
have moved on the proximal. e commonest direction is backwards, also
called retrolisthesis.

e lateral lumbar spine x-ray shows spondylolisthesis. is is
demonstrated by the black line. ere is a clear step in the transition from
L4 to L5. is would be called a retrolisthesis as L5 has slipped backwards
on L4.
is is quite a common abnormality and can often be conservatively
managed. However is the slip is severe or continues to progress than
fixation may become necessary to prevent neurological injury.

SCOLIOSIS
Scoliosis is a relatively uncommon spinal deformity. It is a rotational
deformity which leads to an abnormal lateral curvature of the spine. On a
typical AP x-ray the spine should be straight so any lateral deviation is
called a scoliotic deformity. Patients typically develop an external deformity
resembling a ‘hunchback’.
Scoliosis can be seen in both young and old patients. In younger patients
where the spine is immature it can become increasingly severe as the patient
grows. In the the worst cases it can become life threatening by compressing
the chest and abdomen necessitating extensive corrective surgery.
It is also seen in older patients as part of a degenerative process.

e AP x-ray above shows a marked lateral curvature of the thoracolumbar
spine which in a normal patient would be straight. is x-ray is of an
elderly patient who has developed the condition through degenerative wear.

WEDGE FRACTURES
Wedge fractures are commonly seen in the elderly and those with
osteoporotic bone. ey are fragility fractures which means they occur from
what is relatively innocuous trauma such as a fall from standing height.
ey are so called because a lateral x-ray of the spine should show the
vertebral bodies as being rectangular. In a wedge fracture the anterior part
of the body collapses leaving the posterior part intact creating the classical
wedge shape.

In the x-ray the L4 vertebra can clearly be seen to be wedge shaped when
compared to the other normal vertebrae. Compare it to the more normal
shaped L5 and L3 vertebra which are more rectangular in shape.

Whilst they are most common in the elderly they can occur in any age
group after a hyperflexion injury including children where it could raise
concern over non-accidental injury.

PSORIATIC ARTHRITIS IN THE SPINE
Psoriatic arthritis is a disease commonly seen in the hands and pelvis as we
have previously seen. It can also aﬀect the spine, with or without
inflammation of the sacroiliac joints. Paravertebal ossification occurs
asymmetrically in contrast to ankylosing spondylitis.

e above AP x-ray demonstrates the bulky, non continuous, non marginal
(i.e. not intervertebral) syndesmophytes. Note the gap between the bony
outgrowths labelled a.

ANKYLOSING SPONDYLITIS IN THE SPINE
We have previously met ankylosing spondylitis in the pelvis with sacroiliitis.
It is a seronegative arthropathy aﬀecting the axial skeleton and in the spine
it aﬀects the facet joints and paravertebral tissues.
Within the spine, the vertebral bodies become squared, a combination of
erosions and bony proliferation at the corners of the vertebral bodies.
Ossification of the annulosus fibrosis leads to marginal syndesmophyte
formation in a symmetrical distribution. Combined with ossification of the
interspinous ligaments, this leads to the classic ‘bamboo spine’ of
ankylosing spondylitis.

e two radiographs above show the delicate, symmetrical syndesmophytes
of ankylosing spondylitis on the AP and lateral views. Contrast this to
psoriatic arthritis (see previous chapter) in that the syndesmophytes are
complete, linking one vertebra to the next. No gap is present.

ODONTOID PEG FRACTURES
Odontoid peg fractures are usually caused by hyper-extension of the cspine. Typical mechanisms of injury are road traﬃc accidents, sports
(especially rugby), diving and falls from a significant height.
Patients who have sustained injury may clinically present with symptoms of
midline c-spine tenderness or neurological symptoms.
X-ray has traditionally been the investigation of choice with AP and lateral
views being standard. A third view is always employed in trauma, the peg
view. is is a view taken through an open mouth to image the odontoid
peg.

e x-ray shows an undisplaced fracture across the base of the odontoid
peg. Be careful when interpreting these x-rays and it is not uncommon for
the peg to have a radiolucent line which looks fractured when it is not.
CT scans are increasingly being used to assess trauma patients. ey are
significantly more sensitive than x-ray as they add three dimensions to the
imaging by taking multiple slices through the bone, rather than taking one
two dimensional image as x-ray does.

e CT scan above shows a trauma patient with an odontoid peg fracture.
e fracture can be seen on this saggital section as a marked radiolucent
line through the peg in the middle of the white circle.

DISC PROLAPSE
Disc prolapse is a common cause of neurological symptoms. It occurs when
an intervertebral disc becomes degenerate and the inner nucleus pulposus,
which is soft and jelly like, is able to prolapse out of the confines of the
strong nucleus fibrosus. is bulge can press on the spinal cord or the
exiting nerve roots. In severe cases the bulge is significant enough to
compromise the blood supply to the nerves from direct pressure causing
permanent damage.
MRI is good at assessing bone but it is excellent at adding information
about the integrity of soft tissues. is is particularly important in the spine
where conditions such as prolapse of the intervertebral discs can cause
compression of the spinal cord.

e above saggital T2 weighted MRI scan of the lumbar spine, shows a
significant prolapse of the disc between L5 and S1 causing compression of
the cauda equina.
Cauda equina compression is an emergency requiring immediate surgical
decompression to limit the permanent damage. It occurs when a significant
disc prolapse causes complete obliteration of the spinal canal and
compresses the nerve roots at the level of the prolapse. is compromises
the blood supply to the nerves at the level of compression and the nerves
distal to this.

Malignancy
Malignant bone disease encompasses many conditions which are outside
the remit of this book. It is imperative however, that malignant conditions
are borne in mind when looking at x-rays, as it is very easy to overlook
them when they are not expected and an early diagnosis can significantly
improve the outcome for patients.
ere are some key pieces of knowledge which you should understand in
order to identify bone lesions and describe them. e first is that for a
lesion of show up on x-ray it must be at least 2cm in size and have changed
the density of the bone by 50%, i.e. for a lytic lesion to be visible on x-ray
the bone must be at least 50% demineralised.
e second is that broadly speaking, lesions within bone are either primary
tumours, that is those which originate in the bone itself, or secondary
tumours which originate elsewhere in the body and metastasise to bone.
Primary malignant bone tumours are rare, accounting for around 0.2% of
all neoplasms. Around only five hundred cases are reported in the UK each
year. Of these the commonest lesions are osteosarcomas, accounting for a
third of cases, followed by chondrosarcomas, accounting for a quarter.
Metastatic disease is far more common, especially in the elderly. It usually
relates to one of five primary malignancies; prostate, breast, thyroid, lung
and kidney.
ere are two described types of lesion within bone; lytic and sclerotic. A
lytic lesion is destructive and involves demineralisation of bone. It is
therefore less radiodense on x-ray and so shows up as a darker area.

e x-ray above shows a knee with a large lytic lesion eroding through the
medial half of the proximal tibia. In this case it is a giant cell tumour (a
primary bone tumour).
Sclerotic lesions are proliferative and so show as more dense (whiter) areas
on x-ray.

e x-ray above shows a patient with bony metastases from prostate cancer.
ere are a number of sclerotic deposits, the most prominent of which is
the one just below the greater trochanter.
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