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  IMAGING OF THE SKELETAL SYSTEM

DISEASES AFFECTING THE SKELETAL SYSTEM CAN BE BROADLY DIVIDED INTO:

1. Congenital or developmental

2. Traumatic

3. Infective

4. Bone tumours

5. Metabolic/Systemic diseases

6. Arthritis/ Joint diseases
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Bones develop and grow through primary and secondary ossification centres.  Virtually all primary centres are present at birth. The part of bone ossified from the primary centre is called the diaphysis.  In long bones the diaphysis forms most of the shaft.  

Secondary ossification centres develop later in growing bones, most appearing after birth.  The secondary centre at the end of a long bone is termed the epiphysis.  The epiphysis is separated from the shaft of the bone by the epiphyseal growth plate.  An apophysis is another type of ossification centre, which forms a protrusion from the growing bone. One example is the tibial tuberosity.  The metaphysis is that part of the bone between the diaphysis and the growth plate.

The diaphysis and metaphysis are covered by periosteum and the articular surface of the epiphysis is covered by articular cartilage.

Longitudinal bone growth occurs at the metaphysis and periosteal activity along the diaphysis contributes to circumferential growth.  It is sometimes important to know the age at which various secondary ossification centres appear.   The most complex ones are at the elbow and can be remembered by the pneumonic “CRITOE”
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C = capitellum                

R = radius                                   

I = internal epicondyle                            

T = trochlear                                           

O = olecronon                                         

E = eternal epicondyle 

Age of appearance of epiphyses.

C   -   2yrs

R   -   5yrs

I    -   5yrs

T   -   10yrs

O   -  10yrs

E   -  13yrs

In other words  2, 5, 5, 10, 10, 13  = C R I T O E

Bone age is determined by X-ray of one hand and wrist.  The development of the carpal bones and phalangeal epiphyses are compared to a set standard for sex and age.  Girls mature faster than boys.

Plain X-rays remain the main imaging modality in skeletal disorders. Two views are obtained, usually at right angles to each other. 

1. CONGENITAL ABNORMALITY:

These abnormalities may be local or generalised and are usually readily diagnosed by plain X rays. Some are of no clinical significance whereas others may lead to considerable problems as in club- foot or congenital dislocation of the hip.

The generalised bony abnormalities are a broad group, some of them associated with visceral abnormalities. Some examples are:

· Cleidocranial Dysostosis – absent clavicle, small high scapula, delayed and poor ossification, coxa vara

· Osteogenesis Imperfecta -  demineralised bone with bowing or multiple fractures

· Fibrous Dysplasia- medullary bone replaced by fibrous tissue and cystic areas. Causes a ground glass appearance or mixed density. Commonly involves the face, base of skull & proximal femur

· Tuberous Sclerosis – cortical cysts and sclerosis. Associated with brain lesions and kidney tumours.  One cause of intracranial calcifications

· Multiple Epipyseal Dysplasia- short limbed dwarf with fragmented epiphyses

· Achondroplasia – short limbed dwarf with short tubular bones and thickened muscular insertions. Proximal bones shorter than distal and characteristic V shaped deformity of the Epipyseal/metaphyseal junctions.

· Marfans syndrome- elongation of the tubular bones with muscle laxity, associated with dislocation of the lens, mitral valve lesions and dissecting aortic aneurysm.  The metacarpal index is sometimes used as a diagnostic tool. This is the lengths of the 2-5th metacarpals divided by the breadths.  Increased in Marfans.

· Diaphyseal aclasis – multiple exostoses

· Olliers syndrome – multiple enchondromata

There are many other congenital skeletal disorders for which reference to the textbooks is often necessary for diagnosis.

[image: image3.png]


[image: image4.png]



2. TRAUMA:

 Trauma may result in a fracture, a dislocation or both.  Two views should be obtained in all cases except in the pelvis and chest. In long bones the 2 views should be at right angles to each other. In the pelvis oblique projections may help. Two views may not be sufficient and further views may be necessary especially in certain sites such as the wrist. In suspected fracture of a long bone the joint above and below should always be included unless the injury is obviously in the distal or proximal part of the limb when the nearest joint should be included.

Fractures can usually easily be seen when the fragments are displaced, especially if involving the long bones. In other cases they may be very difficult to see and follow up films should be taken in all cases with persistent symptoms and negative initial X-rays.

RADIOGRAPHIC SIGNS OF A FRACTURE:

1. A lucent line

2. Increased density – due to overlap of the fragments

3. Cortical irregularity

4. Periosteal reaction – this appears after 7-10 days.

5. Angulation or bowing

6. Lipohaemathrosis – this is due to fat and blood leaking within a joint and indicates a fracture line within the confines of the joint capsule.  It is seen as a fluid level on a horizontal beam film.  The commonest joint in which it occurs is the knee where it shows on a decubitus lateral film.

7. Soft tissue signs: these are indirect signs but help to direct attention to a possible fracture when none is immediately obvious.  The commonest of these is the fat pad sign around the elbow.  The anterior and posterior fat pads are displaced in the presence of a joint effusion, the anterior fat pad producing the “sail” sign.
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Fractures may be partial or complete, open or closed. 

Incomplete fractures occur most commonly in children and there are 3 main types:

· plastic fracture or bone bending without cortical disruption or acute angulation

· greenstick fracture – only one cortex is broken with bending of the other cortex.

· buckle or torus fracture – a step or bend in one cortex without an actual cortical break  Common in the distal radius..

EPIPHYSEAL FRACTURES

Fractures in and around the epiphyses may be difficult to see and are classified by the Salter Harris system as follows:

1. Salter Harris type 1;  epiphyseal plate fracture – widening of the growth plate with no bony involvement
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2. Salter Harris type 2; fracture of the metaphysis with or without displacement of the epiphysis
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3. Salter Harris type 3;  fracture of the epiphysis only
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4. Salter Harris type 4;  fracture of both the metaphysis and epiphysis
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5. Salter Harris type 5:  impaction and compression of the epiphyseal plate.
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Types one and five are the most difficult to detect as the bones are intact. They may lead to problems with growth of the bone resulting in limb shortening
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DESCRIPTION OF FRACTURES

Comminution refers to fractures, which have more than 2 fragments.

Segmental fracture occurs in long bones.  There are two fracture sites with a separate segment of bone between the two fractures.  

Greenstick fracture occurs in children. Only the cortex on one side of the bone is fractured, the other remaining intact.

Buckle or torus fracture (children) shows irregularity of one cortex without a fracture line
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Bowing or plastic fracture in children the bones are softer and may bend without a fracture being visible

Displacement/Apposition.  This refers to the position of the major fragment.  Fragments that are not apposed are described according to the direction of displacement of the distal fragment relative to the proximal bone.

Alignment. This refers to the relationship along the axis of major fragments. Usually this refers to the alignment of the distal fragment with respect to the proximal.

Rotation should always be assessed and both ends of the bones should be included on the images.

X-rays of long bones should always be obtained in 2 planes at right angles to each other as a fracture may be totally invisible on one view.   Also the degree of displacement cannot be assessed on a single view.
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DIFFICULT AREAS IN SKELETAL TRAUMA:

Undiagnosed fractures and dislocations can have serious medical consequences and may result in severe deformity and disability.  Some areas are difficult radiologically and knowledge of normal appearances is essential:
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1. Injuries of the carpus: the commonest injury involving a carpal bone is fracture of the scaphoid.
 This may be difficult to see immediately after the injury.  Special scaphoid views are needed to demonstrate the fracture line and should be specifically requested in all suspected scaphoid injuries.  The fracture line may only become clearly visible after an interval of 7-10 days when there will be some widening of the fracture line due to bone resorbtion. If scaphoid injury is suspected but no fracture line is seen, it is usual practice to immobilise in plaster and repeat the film after 10 days.  Failure to diagnose a fracture may result in avascular necrosis of the proximal pole and subsequent osteoarthritis.  A missed scaphoid fracture is one of the commonest causes of litigation 

Other injuries are less common but important to recognise. Dislocations of the carpus may occur and will only be recognised if the normal relationship of the carpal bones is known 
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Carpal injuries can be complex. If there is an associated scaphoid fracture the distal pole may dislocate around the lunate along with the other carpal bones, the proximal pole remaining in normal relationship to the lunate. Similarly the proximal pole may dislocate along with the lunate.

2. Pelvic fractures: several different bones make up the pelvis & fractures here may be difficult to recognise especially if there is little displacement. An AP film of the pelvis is the routine film. This should be scrutinised carefully. Other films may be necessary. Oblique views of the pelvis may be helpful especially for fractures in the region of the acetabulum.
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Following severe trauma fractures of the pelvis are often 

multiple and the pelvis unstable. Associated soft tissue injuries are common such as urethral rupture or puncture of a large pelvic blood vessel.

Pelvic injuries may be associated with injury to the femoral head or neck. Posterior dislocation of the hip may result from severe trauma. Anterior dislocation is much less common. In a posterior dislocation the thigh is usually adducted whereas in an anterior dislocation the thigh is abducted. A posterior dislocation is often associated with a fracture of the posterior rim of the acetabulum.

[image: image29.png]


[image: image30.png]VOLAR DORSAL  VOLAR DORSAL

PERILUNATE
NORMAL DISLOCATION




Fractures of the hip are usually easily seen but may be difficult if there is no apparent fracture line and no deformity as may occur with an impacted fracture in the subcapital region. Avascular necrosis is a complication. It is essential that a true shoot through lateral film is obtained as well as an AP view otherwise fractures may be missed. It is common practice to turn the patient onto the affected side & take a turned lateral film. In this projection the greater trochanter will obscure the femoral neck.  If there is strong suspicion of fracture but none visible a re -X-ray after 1-2 days may show dis-impaction and the fracture may be obvious.
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3. Knee injuries:

Fractures and dislocations involving the knee are usually obvious. The commonest are fracture of the patella or fracture of a tibial plateau. Fractures of the tibial spines are more likely to be missed. This is an avulsion injury involving the cruciate ligaments. The knee is the commonest joint in which to see a lipohaemoarthrosis, which always indicates the presence of a fracture communicating with the joint.

Most knee injuries are confined to the soft tissues and are invisible in plain films. 

There is a complex arrangement of ligaments around the knee including the medial, lateral and cruciate ligaments. Injury to any of these can cause instability. The anterior cruciate is attached to the medial tibial spine so an avulsion fracture of this spine is important. The posterior cruciate is not attached to the lateral tibial spine, so an avulsion fracture of this spine is less important.

The menisci are not seen on plain films.  Meniscal tears often have an associated effusion, which will be seen in the suprapatellar bursa behind the quadriceps tendon. 
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Shoulder injuries: The routine views for the shoulder are AP and axial. Following injury it may not be possible to obtain an axial view and in these cases often only the AP film is presented. This is perfectly adequate to assess anterior dislocation and dislocation of the acromio-clavicular joint but in posterior dislocation the signs are less obvious and additional projections are necessary for confirmation.  The routine AP film is often taken badly after shoulder trauma as the arm is often in a sling.  The standard AP view is taken with the palm upwards.  If the arm is internally rotated the relationship of the humeral head to the glenoid fossa changes and the appearances mimic a posterior dislocation. A second view should always be obtained if the AP film is unsatisfactory or if a posterior dislocation is suspected.  In a posterior dislocation the humeral head passes upwards and backwards.  In anterior dislocation it passes downwards and forwards. 

The appearance of the humeral head in posterior dislocation may take different forms.
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Posterior dislocation may present as any of the above appearances. It is commonly missed at first presentation unless a second view is taken. Although  much less common than anterior dislocation only accounting for a small percentage of shoulder injuries it is still nonetheless an important injury. The second view should either be an axial view or a Y view. The Y view is easy to take and the arm does not need to be moved which makes it ideal in trauma patients. On either of these views posterior dislocation should be readily recognised.
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Fractures around the shoulder are usually very obvious and often complex. There may be a haemoarthrosis present and if large will displace the humeral head downwards mimicking anterior dislocation. It is sometimes called “pseudodislocation”.
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5. Elbow injuries:  In adults these are usually quite straightforward, the common injury is a fracture of the radial head. In children however the appearances can be confusing due to the presence of many secondary ossification centres. These were shown earlier and remembered by CRITOE – 2,5,5,10,10,13which is a rough guide to the age at which they appear 
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Supracondylar fractures may be difficult to see. The alignment of the humeral epiphysis in relation to the humeral shaft is important as there is commonly posterior displacement. Lines are often used in assessment of elbow injuries. Soft tissue signs (displacement of fat pads) are also used routinely in assessment of elbow injuries. There may be avulsion of an ossification centre, which may be lying within the joint. This may not be appreciated unless the time of appearance of the centres is known.

.
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6. Fingers:  A film of the hand is not sufficient to exclude a fracture of the finger. These are commonly avulsion fractures around the joints and may only be seen on a lateral view of the finger. The routine views for the hand are PA and oblique which do not demonstrate avulsion finger fractures.
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7. Ankle and foot: fractures of the ankle do not present any particular problems radiologically. There may be a fracture of one or both malleoli. In the latter case there is usually some lateral subluxation of the talus. The posterior tibial margin is also often involved and in severe injuries there may be gross disorganisation of the joint. 
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 Fractures of the os calcis however are often difficult to detect. The angle between the anterior and posterior parts on the lateral view (Boehlers angle) may be reduced and there may be densities in the body of the calcaneus due to impacted fragments. 
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Compression fractures of the os calcis are assessed by computed tomography if available.

The neck of the talus is occasionally fractured. This shows on the lateral view. The proximal part may undergo avascular necrosis.

There are many ligamentous attachments around the ankle. Avulsion injuries are common and show as small detached bony fragments. A fracture of the base of the 5th metatarsal is a common fracture. This area should be examined when looking at the lateral view of the ankle.

Fracture dislocations of the forefoot at the metatarso-tarsal joints are not uncommon and may be difficult to detect. Knowledge of the normal anatomy is important for their detection.
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8. Stress fractures.  These occur in normal bone due to unaccustomed use such as repetitive muscle action in sports, ballet, and gymnastics. X-rays are often normal at initial presentation but after 2 weeks or so a periosteal reaction is visible and sometimes a faint fracture line. As healing progresses the line becomes easier to see as a dense white line which may only traverse part of the bone. Common sites are the neck of the second metatarsal, the proximal tibial shaft and the distal fibula. Isotope bone scanning is helpful in diagnosis as it shows abnormality with increased uptake at the fracture site by 24 hours following injury.
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Pathological fracture: is a fracture occurring through a weakened area of bone. This may be a metastasis, infection or more rarely a general condition such as osteogenesis imperfecta. The underlying abnormality may be difficult to spot but there is usually a lucency related to the fracture line. These fractures usually heal well despite the underlying abnormality.
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COMPLICATIONS OF FRACTURE:

· Infection  - common with open fractures

· Delayed union – there are many causes including inadequate stabilisation and infection

· Non union – this is absence of bony union over a prolonged period. There is a persisting fracture line with sclerosis.  Alternatively the fracture line may be seen through surrounding callus.

· Malunion – this refers to a fracture which has healed in an unsatisfactory anatomical position

· Avascular Necrosis – this occurs due to disruption of the blood supply and is particularly common with

                                             fractures through the waist of the scaphoid

                                             fractures through the femoral neck

                                             fractures through the talus

        The necrotic bone becomes denser than the surrounding bone over an interval of 2-3 months due to new bone 

        being laid down on necrosed bone.

· Sudecks Atrophy - a rare condition. It may be considered a severe form of disuse osteoporosis that may follow major or minor trauma.  It occurs in bones distal to the site of injury and is associated with severe pain and swelling.  X-ray changes show severe demineralisation and marked thinning of the cortex.
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Myositis Ossificans – usually occurs without an obvious bony injury. Consists of ossification in the soft tissues especially the thigh

· Compartment syndrome – due to increased tissue pressure within a closed compartment leading to progressive ischaemia of the limb. The compartments are created by an area surrounded by rigid osseous and fascial planes.  Prompt fasciotomy is required. 

· Arterial injury – the popliteal artery is the most commonly affected due to fractures or dislocations around the knee.  The brachial artery may also be injured in supracondylar fractures or elbow dislocations, particularly in children. Branches of the internal iliac artery are at risk in pelvic fractures.

· Soft Tissue injuries

The vast majority of bony injuries can be adequately visualised by plain films.  Tomography is occasionally helpful and computed tomography is often used for spinal injuries, to assess the amount of posterior displacement of the fragments into the spinal canal. It is also helpful in fractures of the upper tibia, calcaneus, acetabulum and pelvic fractures.

Nuclear Medicine can be helpful in detecting occult fractures e.g. stress fractures, fractures of the femoral neck and scaphoid.

3. INFECTION:

Pyogenic osteomyelitis

An organism may gain access to the bone by direct invasion from an infected wound or from an infected joint, or it may gain access by haematogenous spread from distant foci, usually in the skin.  Haematogenous osteomyelitis usually occurs during the period of growth but all ages may be affected. In infants Streptococcus usually causes osteomyelitis while in older children and adults Staphylococcus is more common.  In sickle cell disease, Salmonella osteomyelitis is common.

In infants, the vessels penetrate the epiphyseal plate in both directions and metaphyseal infections can pass into the joint.  Acute pyogenic arthritis is therefore quite common in osteomyelitis in infants.  In childhood, 2-16 years, only a few vessels cross the epiphysis and the joint is less likely to be infected.  In the adult, when the epiphyses are fused, the metaphyseal and epiphyseal vessels are again connected so that septic arthritis may occur.  Infections begin in the metaphysis in children unless secondary to sickle cell disease whereas in adults the diaphysis is commonly involved, often the whole length  

The formation of pus in the bone deprives local cortex and medulla of its blood supply.  Dead bone is reabsorbed by granulation tissue.  Pieces of dead bone which are not reabsorbed remain as sequestra.  Because sequestra are devitalised they remain denser than surrounding bone. An involucrum forms beneath viable periosteum that has been elevated by pus. In infants the periosteum is looser, the involucrum formation is greater and so is the re-absorption of dead bone and healing. Defects in the periosteum occur which allow pus to escape, sometimes to the skin where it forms a sinus. These defects are called cloacae.

Radiological signs of osteomyelitis:

· Soft tissue swelling. There are no X-ray bone changes for 10 days and diagnosis must be made clinically.

· Demineralisation occurs within 10-14 days. This is in the metaphysis in children. The bone becomes ill defined with loss of bony detail. These signs are subtle.

· Destructive lesion may be seen by 14 days. This spreads up the diaphysis within a few days and is associated with elevation of the periosteum producing a periosteal reaction  

· If untreated this permeative destructive process spreads and obvious periosteal new bone forms parallel to the original cortex

· The periosteal new bone thickens and forms the involucrum. There is sclerosis and bone expansion with formation of sequestra. The disease is now chronic. Sinus tracks may form discharging pus and sequestra.

There is a delay of at least 10 days before bony changes become evident on plain films.  Radionuclide scanning shows increased uptake much earlier and can be seen after 48 hours.
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Bone infarction in sickle cell disease mimics osteomyelitis and can look identical on plain films.  Some people use ultrasound to help to differentiate the two.  This shows subperiosteal pus formation in infection which can be aspirated for culture and sensitivity..
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If the osteomyelitis is extensive in the acute stage pathological fracture may occur.

In patients with sickle cell disease it is often difficult to differentiate bone infarction from osteomyelitis. The radiological appearances are identical.

The spine is also a common site for pyogenic infection. This begins in a vertebral body beneath the end plate causing an area of destruction that rapidly spreads to involve the disc with loss of disc space. Changes on X-ray may not be seen for several weeks and an isotope bone scan is often invaluable as it will show abnormality to be present even though the films appear normal. The X-ray appearances are similar to those of tuberculosis and it is difficult or impossible to differentiate the two. There is commonly a paravertebral abscess seen as bulging of the paraspinal lines.

Occasionally the disc is primarily involved with narrowing of the disc space followed later by sclerotic changes in the adjacent vertebral end plates. A condition commonly known as discitis. It runs an indolent course and is difficult to distinguish from degenerative disc disease without biopsy.

Pyogenic arthritis

This may occur at any age but especially in children.  The organisms may be Streptococci, Staphylococci, or Pneumococci. Usually only one joint is involved and infection may result from:

1. Direct intervention – following surgery or aspiration, open wound.

2. Spread from adjacent bone

3. Haematogenous spread.

Signs on plain films:

· joint effusion with displaced fat lines and widening of the joint space

· demineralisation

· later get joint space narrowing

· loss of definition of the articular cortex followed by destruction of bone

The hip is a common site in children and has to be differentiated from the “irritable hip” and Perthes disease or ischaemic necrosis secondary to sickle cell disease.  Ultrasound may show an effusion, which can be aspirated for cytology and culture.
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Tuberculous osteomyelitis

This is common in the spine where it is known as Potts disease. The chest X-ray is normal in more that 50% of these cases.  The tuberculous reaction is destructive and accompanied by pus, which may later calcify.  In contrast to pyogenic osteomyelitis, neither sequestration nor periostitis is a prominent feature. Abscesses often point to the skin and form a sinus track.

Radiological signs:

The diagnosis is often made after considerable delay and changes are seen at presentation. In long bones lesions occur in the metaphysis. An oval or rounded focus will be found which soon crosses the epiphyseal line. Periosteal reaction is not a prominent feature. Lesions of the diaphysis are rare.
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Common sites are the lesser trochanter of the femur, proximal humerus, distal radius and the os calcis 

Over 50% of lesions occur in the spine, at or below mid thoracic level. The disease usually affects the vertebral bodies although occasionally the posterior elements are involved.  Three sites in the vertebral body may be involved:
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-      upper or lower disc margin

· centre of the vertebral body

· anterior just below the periosteum

The disc space is nearly always eroded and this is a characteristic feature of infection as opposed to malignancy. Two or more vertebrae are often affected as the infection spreads through the disc space or underneath the anterior spinal ligament. The anterior parts are more severely affected resulting in a gibbus deformity (localised kyphosis).

Abscesses form early and result in lateral bulging of the paraspinal lines or psoas outlines.

The disease is commonest at the thoraco-lumbar junction T10 – L2 but can occur anywhere and there may be more than one site. T11 & T12 are the most difficult vertebrae to be shown clearly on a lateral film as they are often blacked out due to the greater penetration needed to see the upper lumbar vertebrae through the diaphragm 

It is difficult to differentiate between tuberculosis and pyogenic spondylitis.  Reactive new bone formation is much less common in tuberculosis and sclerotic osteophytes unusual.  Discs are destroyed early in pyogenic infections and later in tuberculosis. 
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Several vertebrae may be destroyed resulting in severe spinal deformity.  In the healing phase these fuse together while some vertebral bodies may disappear completely resulting in confusing appearances on X-ray. It is very difficult to obtain good X-rays in these patients. There is often soft calcification and this may be extensive.

Tuberculous arthritis  may occur in any joint but is common in:

-   the hip with resultant bony destruction of the femoral head and neck
-    the shoulder, where cystic lesions are common and the course may be more chronic.

-    the sacro-iliac joints especially in young patients.  Subarticular erosions lead to widening of the joint space

The course is slower than in pyogenic arthritis and X-ray changes are seen at presentation. There is usually marked periarticular osteoporosis with widening of the joint space due to effusion. This is followed by bone erosions with destruction of the white subchondral growth plate progressing with time to larger areas of bony destruction and loss of the joint space. The bony destructive lesions may be quite well defined and  “punched out” in appearance. In some cases it may run an indolent course, especially when involving the shoulder joint where the lesions may be well -defined and cystic in appearance. There may be associated abscesses, especially in relation to the sacro-iliac joint. These may track to the skin surface. The later stages of healing may show bony ankylosis.
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4. BONE TUMOURS:
Bone tumours present problems and are often very difficult to diagnose. Whilst benign and innocuous lesions such as fibrous cortical defects are common, primary malignant tumours of bone are relatively rare.  Metastatic bone disease on the other hand is common. When a bone lesion is present the radiologist has to ask 3 important questions:

· Is the lesion neoplastic or infective? It can be difficult in some cases to distinguish the two.

· Is it benign or malignant?

· Is it a primary or secondary neoplasm?

Many tumours are found in fairly constant age groups. The plain X-ray is most important in establishing a diagnosis, occasionally supplemented by computed tomography, scintigraphy, angiography and magnetic resonance if these are available..

Features helpful in diagnosis:
1. Solitary or multiple- most primary bone tumours are solitary

2. Type of bone involved – may help to differentiate between flat bones and tubular bones.  If the axial skeleton or proximal ends of the long bones are involved it raises the possibility of metastases or lymphoma.

3. Site within the bone –most cartilaginous tumours are medullary, giant cell tumour is subarticular and eccentric.

4. X-ray features –cartilaginous tumours are mainly lucent with small foci of calcification; osteoblastic tumours are commonly bone producing.

5. Margins of the lesion – a wide zone of transition between apparent tumour and normal bone suggests a lesion that is rapidly growing such as an aggressive tumour or infection. A rim of sclerosis usually indicates a benign lesion.

The radiographic features vary widely from an area of lucency to one of sclerosis depending on the type of tumour. In primary malignant tumours there is often a periosteal reaction and a soft tissue mass. A soft tissue mass is unusual in secondary tumours except for renal secondaries and myeloma

BENIGN BONE TUMOURS:
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These have well defined clear margins with intact cortex and no periosteal reaction. They may expand the bone & not uncommonly present as a pathological fracture. Some of the commoner ones are:

· Fibrous cortical defect (non ossifying fibroma) – this is common in children and arises in the cortex near the ends of long bones, extending into the medulla, usually in the distal femur or tibia. It is commonly seen on trauma films as an incidental finding and it is important not to mistake it for important pathology. It appears as a lucency with a thin white line around it.

· Enchondroma -  a cartilaginous tumour commonly seen the hands or feet  It shows as a lucency within the medulla with scalloped margins. It causes thinning of the cortex and bone expansion. It may contain flecks of calcification, a characteristic feature of cartilaginous tumours. It commonly presents as a pathological fracture. They are usually single but may be multiple in the congenital condition known as Olliers syndrome.
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· Osteochondroma – commonly known as exostosis. Contains both bone and cartilage. It presents as a bony protrusion from the cortex with a broad stalk and often bulbous end. It arises in the metaphyseal region growing away from the joint. It is usually single but may be multiple in the congenital condition of diaphyseal aclasis. It may reach a very large size and the cartilaginous cap may rarely undergo malignant change. If large they press on adjacent structures such as nerves and blood vessels.

· Osteoma: 

This arises from compact bone and occurs most commonly in the skull and sinuses. It presents as a round sharply defined very dense mass. If in a sinus it may interfere with drainage resulting in a mucocele.
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· Osteiod osteoma    this is a small tumour usually affecting young adults. It is very small in size and produces pain which is often worst at night. It consists of a very small lucent area (nidus) under the cortex surrounded by an area of increased density due to reactive sclerosis. There may be an associated periosteal reaction, unusual for a benign tumour. Tomograms are often needed to show the nidus. 
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· Giant cell tumour: this occurs in young people usually in their twenties. It occurs only after the epiphyses have fused and occurs at the end of long bones often extending up to the articular cortex. It appears as a lytic lesion with rather ill defined margins and there may be bony expansion. Although benign without metastases it is locally aggressive.

· Bone cysts: are not strictly tumours. Simple bone cysts are fairly common in younger patients occurring at the end of long bones. They may contain thin septa and often present as a pathological fracture.
 Aneurysmal bone cysts are seen in the 10-30 year group and most occur before the epiphyses close especially in the lower limbs. They also occur in the posterior elements of the spine. They are seen either in the unfused metaphysis or the epiphysis after fusion. They show as a well defined lucency with thin intact cortex. There is marked expansion with thin internal septae.
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· Chondromyxoidfibroma; Osteoblastoma are other benign rare tumours.

MALIGNANT BONE TUMOURS:

Primary bone tumours are rare & require experience for interpretation. They are destructive with a wide zone of transition between normal & abnormal bone. They are usually associated with a periosteal reaction.

· Osteogenic sarcoma – is the commonest primary malignant bone tumour.  It is a bone forming tumour affecting the metaphysis in children and young adults with a variety of appearances on X-ray. It may present as a lytic lesion or be sclerotic with periosteal reaction. It erodes through the cortex resulting in a soft tissue mass. Clinically it presents with a localised swelling or pain, particularly around the knee.  On X-ray there may be:

· Irregular destructive lesion involving the medulla

· Cortical destruction

· Soft tissue mass displacing the tissue planes

· New bone formation

· Periosteal reaction. Elevation of the periosteum is associated with new bone formation, the so-called “Codmans triangle”.
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Lung metastases develop early and may be bone producing causing very dense nodular opacities in the lungs.

· Chondrosarcoma: this is a slow growing malignant tumour arising from cartilage. Being of cartilaginous origin it may contain areas of calcification within the tumour. It commonly develops in the diaphysis or metaphysis of a long bone as a lucent lesion, which may expand the bone. There may be cortical destruction & a soft tissue mass.

It may also arise from the pelvis, scapula or peripheral site in the femur or humerus. Here it produces a soft tissue mass which may have arisen from the cartilage cap of an exostosis(osteochondroma). There are multiple calcific densities, ill defined margins and later destruction of underlying bone.
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· :Ewings sarcoma.  Occurs between the ages or 5-15 years. It occurs in the diaphysis of long bones, the legs more commonly than the arms. It is a highly malignant tumour showing as an ill defined permeative destructive lesion with a marked periosteal reaction. Characteristically this is layered producing the  “onion peel” appearance. The appearances mimic infection from which it must be distinguished.

Metastatic bone tumours are much commoner than primary bone tumours and are usually multiple. Any primary tumour can metastasise to bone but in women the most important carcinoma is breast, from which secondary bone deposits occur in about two thirds of cases. In men, approximately 80% of cases of prostatic carcinoma and a quarter of tumours of the lung and kidney may be expected to produce bone metastases. A metastasis may be the presenting feature of the disease. The spine, pelvis and ribs are the most common sites together with the proximal ends of the humeri and femori, less often the skull. These areas correspond to sites of persistent haematopoiesis in the adult, malignant spread usually occurring by a haematogenous route. Metastases below the knee and elbow are rare.

[image: image89.png]


Scintigraphy shows changes several weeks earlier than plain films. The characteristic appearance is multiple areas of increased uptake scattered throughout the skeleton. (multiple hot spots).
Plain film features:

· The majority of metastases are osteolytic presenting as an ill defined lucency.  Typically they arise in the medulla and progress in all directions, destroying the cortex, usually without the development of periosteal reaction.

· The margins are ill defined

· Pathological fracture is common and a collapsed vertebra may be a presenting feature.  Typically the pedicles are affected.  The disc is not involved which distinguishes it from infection.

· There is usually no soft tissue  mass (exceptions are myeloma & renal tumours)

· Dense lesions (osteoblastic metastases) may occur especially if from primary prostrate or breast. They show as ill defined areas of sclerosis with loss of trabecular detail

·  They are typically multiple although solitary lesions may occur. If solitary think of renal or lung primaries.
CT scanning is useful in diagnosing a bony destructive lesion when plain film changes are uncertain.
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Multiple Myeloma:  is a primary malignant tumour of bone marrow involving the plasma cells.  It causes infiltration of the bone marrow by plasma cells, which appear as well defined lucencies in the spine, skull, pelvis and proximal long bones, the areas of persistent marrow in adults. It is a disease of older people, rarely occurring under the age of 40 years. 

Signs on plain films:

· Generalised osteoporosis in the spine may be the only presenting feature. 

· Vertebral body compression fractures. – similar to that which occurs in senile osteoporosis

· Scattered or multiple well defined lucencies in the bone marrow which may produce scalloping of the inner cortex.

· Bone expansion may occur along with a soft tissue mass. This distinguishes it from metastases which are not associated with a soft tissue mass unless from a kidney.

· Classical appearance is seen on a lateral skull X-ray of multiple rounded “punched out” lucencies  of varying sizes which look like rain drops. This appearance is diagnostic.

· Absent pedicle in a vertebral body

· Peripheral opacity on a chest X-ray due to a rib deposit.

Pathological fractures may occur. Due to the excessive bone destruction there is elevation of the serum calcium and renal failure may result from deposition of abnormal proteins in the renal tubules.  There may be Bence-Jones protein in the urine.
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Lymphoma:  will occasionally affect bone, especially the spine or pelvis. It usually produces ill-defined lytic destructive lesions unless due to Hodgkins disease which my present as sclerosis in a vertebral body. It is indistinguishable from metastatic disease on X-ray 
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Continued in part 2
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Secondary epiphyses around the elbow
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Exostosis on the distal L femur medially. There are other small exostoses around the knees with abnormal modelling in the metaphyseal regions. This was a case of diaphyseal aclasis.
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AP film of the hips in an 18 month old child. The R hip appears normal. The upper femoral epiphysis is in the normal position & within the acetabulum. On the L side the upper femoral epiphysis is smaller & displaced upwards & laterally. This was a case of congenital dislocation of the L hip
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AP view of the skull. There is a density on the L side which was due to a fracture, in this case showing as a density rather than a lucency. 





A lateral view of the knee taken with a horizontal beam. There is a fluid level anteriorly below the patella, in the suprapatellar pouch. This was due to a lipohaemoarthrosis related to a fracture.





Lateral view of the elbow showing elevation of the fat pads anteriorly & posteriorly (arrows). This indicates the presence of a joint effusion or haemarthrosis. Following trauma it suggests a fracture
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Salter Harris type 1. The epiphysis may remain in the normal position or be a little displaced. Signs are subtle & it helps to X-ray the opposite side





Salter Harris type 2. Fracture of the metaphysis with or without displacement of the epiphysis.
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Salter Harris type 3 showing fracture of the epiphysis only.





Appearances of a normal epiphysis
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Salter Harris type 1. There is widening of the radial epiphysis. The adjacent metaphyseal margin is a little ill defined which is a clue to the presence of abnormality. It can be confirmed by X-raying the opposite wrist
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Lateral film of the wrist showing a Salter Harris type 2 fracture. There is a fracture of the distal radial metaphysis. The epiphysis is displaced posteriorly with widening of the epiphyseal plate anteriorly.





Salter Harris type 2.  Lateral film of the wrist showing widening of the radial epiphyseal plate & a small detached fragment of bone from the metaphysis (arrow).
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There is a vertical fracture through the epiphysis & a little widening of the epiphyseal plate laterally.
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Salter Harris type 4 showing a fracture involving both the metaphysis & epiphysis. The fracture of the metaphysis is often small & difficult to see.





AP view of the ankle showing a Salter Harris type 4 fracture. The metaphyseal fracture is small & shows as a detached displaced fragment.
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This is very difficult to recognise as the changes are subtle. An isotope bone scan would show increased uptake & is helpful.
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AP film of the scaphoid showing a fracture line through the waist of the scaphoid.
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AP view showing normal arcs of the carpus. These should not be disrupted.
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Normal appearance of the carpus in the lateral view.
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In this patient the AP view of the wrist shows disruption of the arcs 1 and 2 indicating the presence of a carpal dislocation.
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Torus fracture
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This lateral X-ray of the wrist shows displacement of the lunate bone which is no longer articulating with the capitate but lying anteriorly & tilted forwards. This is dislocation of the lunate.





This lateral view of the wrist shows the lunate to be in normal position but no longer articulating with the capitate. All the carpal bones except the lunate are dislocated. This patient has a perilunar dislocation. 





Capitate








Lunate











Lunate





Pelvic anatomy





A -  iliopubic line, representing the anterior column of the acetabulum


B -  ilioischial line, representing the posterior column of the acetabulum


C - teardrop, representing the medial wall of the acetabulum


D - anterior acetabular rim, seen with difficulty on the AP film since it is superimposed over the posterior acetabular rim


E - posterior acetabular rim 


F - symphysis pubis


    


-   - Sacrum including sacral foramina
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An oblique film of the L acetabulum showing a fracture through the ileopubic line, &the medial wall of the acetabulum.
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An elderly patient presenting after a fall with pain in the L hip. A film of the pelvis shows a fracture through the ileopubic line. If this were not spotted & the patient continued to weight bear central dislocation of the hip may result.





A rather obvious fracture of the femoral neck with upward displacement of the shaft. The fracture line is visible.





Disruption of the lines on the L side due to posterior hip dislocation.
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A fluid level within the knee joint due to a lipohaemoarthrosis. The fluid level is due to the different densities, the blood has sunk to the bottom & fat is lying on top.  This indicates the presence of a fracture even if none is visible.
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A burst (stellate fracture) of the patella. Usually a patellar fracture is longitudinal or transverse. It is important that the AP film is penetrated enough to see the patella through the distal femur. The congenital variant bipartite patella involves the upper outer part, the edges are not sharp & there is no associated effusion
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Normal appearance of the shoulder





Anterior dislocation.





Posterior dislocation showing as overlap





Posterior dislocation as standoff & a depression
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Posterior dislocation showing the appearance of a light bulb. The arm is fixed in internal rotation
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A film showing multiple fractures of the pelvis. These are:


1. Right sacroiliac joint fracture/dislocation  2. Right iliac wing fracture in the region of the superior acetabulum  3. Right acetabular fracture involving the posterior rim and medial wall  4. Segmental right inferior pubic ramus fracture  5. Left inferior and superior pubic ramus fracture  6. Left ischial fracture  7. Left superior pubic ramus fracture.  8. The right hemipelvis is superiorly displaced by approximately 2 cm.
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The affect of internal rotation on the appearance of the humeral head on the AP shoulder view
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Normal Y view appearance of the humeral head which should sit  in the Y centrally





Appearances in posterior dislocation. The  humeral head is displaced posteriorly
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Normal appearances. The humeral head is sitting in the glenoid with even width of joint space having the appearance of a walking stick





This is a posterior dislocation. The humeral head is more rounded in appearance, more like a light bulb than a walking stick & shows stand off. With asymmetrical widening of the joint space. There is also a white line visible which is called a trough line. This is due to a depressed fracture caused by impingement of the glenoid at the time of dislocation.
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Normal
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Pseudo-dislocation of the L shoulder following trauma. The humeral head is displaced downwards





Y-view in the same patient. The humeral head is displaced downwards but maintains its central position in relation to the Y
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In dislocation of the head of radius the line passes above the capitellum.
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Normal appearance on the L. The anterior fat pad shows as a  vertical lucent line lying closely related to the distal humerus. The posterior fat pad is not visible.


In the drawing on the R the posterior fat pad is now visible as it is displaced out of the hollow by a joint effusion. The anterior fat pad is pushed away from the humerus & looks like the sail of a ship.








The anterior fat pad is visible, displaced away from the humerus indicating the presence of a joint effusion.
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Common sites for avulsion finger injuries.
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Avulsion fracture at the base of the distal phalanx with the fracture line through the  articular surface joint. The PA view shows no evidence of fracture.





Small avulsion fracture at the base of the middle phalanx dorsally seen only on the lateral view
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A displaced avulsion fracture on the ulnar aspect at the base of the proximal phalanx of the thumb. This is often a serious injury as the avulsed fragment may be trapped & need open reduction.
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Stress fracture of the proximal tibia showing as sclerosis & a small periosteal reaction. This is in the healing phase





Stress fractures of the distal tibia & fibula showing as thin sclerotic lines in the healing phase.
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This was a 34 year old man who presented with spontaneous onset of pain in the R hip & inability to walk. There was no history of trauma. This X-ray shows a fracture through the R femoral neck. There is also a destructive lesion with a lucency around the fracture line. This was due to a metastatic deposit.
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There is a density lying anterior to the femur without any obvious bony injury. There was a history of trauma several weeks previously. The patient presented with a mass on the anterior aspect of the thigh. This was due to an area of ossification in the soft tissues related to the previous trauma.





Normal lateral wrist for comparison





Normal lines in relation to the hip. These help to diagnose dislocations.





The humeral head on the AP film should look like a walking stick. As the arm is internally rotated it becomes rounder in appearance & is said to simulate a light bulb.





Trough line





Normal axial appearances





Axial view appearance in posterior dislocation
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Lines joining the upper surfaces of the middle & posterior part of the calcaneum  form an angle of between 20-40 o.  When there is a compression fracture this is reduced, sometimes it may disappear.
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Normal anatomy of the metatarsals. The 1st2nd & 3rd articulate with the cuneiforms. The 4th & 5th  with the cuboid.
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Fracture of the body of the os calcis showing as decrease in Boehlers angle & increased densities in the calcaneus.
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Normal anterior humeral line. It passes through the epiphysis





In supracondylar fracture the line may pass anteriorly





A line through the shaft of the radius should pass through the central capitellum
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Bowing of a long bone without a cortical break.








Comminuted fracture





Segmental fracture
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Greenstick fracture. One cortex remains intact.





In this AP view of the foot the lateral 4 metatarsals are displaced laterally. The medial border of the 2nd metatarsal should line up with the medial border of the middle cuneiform.  There is increased distance between the 1st & 2nd metatarsals. This is a Lisfranc type of dislocation. The tarsal bones are disrupted & there is also a significant tarsal injury.





This 2 year old child presented with pain in the L shoulder & fever of 2-3 weeks duration. This AP film shows a destructive lesion the metaphysis which was due to acute osteomyelitis
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There is a permeative destructive lesion in the distal tibia. There is also a small periosteal reaction medially (white arrow). There was a 3 weeks history of fever, pain & swelling. This was a case of acute staphylococcal osteomyelitis.
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Two cases of chronic osteomyelitis. Both show increased bone density, widening & irregularity of the cortex and a central density which is a sequestrum (dark arrows). The case on the R has also a cloacum (white arrow)– a hole in the cortex through which pus drains & sequestra extruded. 
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A 12 months old baby with sickle cell disease presented with oedema & pain of both legs. There was also fever. The X-ray shows extensive changes throughout both femora, tibia & fibulae. There are permeative destructive lesions with pathological fractures of the distal femora & tibiae. This was a case of extensive acute osteomyelitis with pathological fractures.
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Marked loss of joint space in the R shoulder in a patient with shoulder pain of  4 weeks duration
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The same patient 3 weeks later showing destruction of bone on both sides of the joint. This was a case of septic arthritis with a rather more indolent course than usual.
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This is a patient with sickle cell disease who developed pain in the R hip with fever & was unable to weight bear.


This X-ray shows very marked demineralisation in the R hip with loss of  bony detail. The appearances were due to acute infection.





Epiphysis











Growth plate (epiphyseal plate)





Metaphysis








Diaphysis
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Lateral film of the thoraco-lumbar region showing a localised kyphosis at L1/L2, loss of the disc space & bony destruction of the opposing surfaces of L1 & L2. This was a patient with spinal tuberculosis





Lateral film of the thoraco-lumbar junction. Detail is obscured by the overlying diaphragm. The vertebrae above it are too dark to be visualised. This is a difficult area radiologically but the upper body of T12 can be seen to be destroyed. Another case of tuberculosis.





AP film in the same patient. Bulging of both lateral paraspinal lines is clearly seen (white arrows). This is an important finding & in this case was due to a large paraspinal abscess. The body of T10 (dark arrow) is compressed & barely visible while a change in size of the pedicles indicates a gibbus deformity as the pedicles below T10 are magnified as the spine turns away from the film. The pedicles are the two eye-like structures laterally 
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Lateral view showing destruction of the disc at L1/L2 with some destruction of the lower body of L1 & a small gibbus deformity. Another case of spinal tuberculosis.





AP film of the same patient. There is loss of clarity of the upper border of L2 & lower margin of L1 which appear fuzzy (dark arrows).  There is in addition a very large paravertebral abscess as shown by the bulging paraspinal lines (white arrows)
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Another patient with pyogenic infection in the L hip. There is considerable demineralisation & some loss of joint space.





If untreated this appearance may result. There are bilateral pyogenic arthritis of both hips in a child, of longer duration on the R where the R femoral head & neck are completely destroyed with dislocation of the hip.
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Tuberculous osteomyelitis of the distal L radial metaphysis in  a child. Note the lack of osteoporosis compared with pyogenic infection & the well -defined appearance of the lesion which has a punched out appearance





�





Early stage with widening of the joint space & periarticular osteoporosis





Later changes show loss of joint space & punched out articular erosions. There is extensive osteoporosis





There is further bony destruction with widening of the acetabular cavity & upward displacement of the femoral head.
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A well defined lytic lesion in the first metatarsal with thinning of the cortex & bone expansion due to enchondroma
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A patient with diaphyseal aclasis. There is an exostosis on the L femoral metaphysis medially. It characteristically points away from the joint. The R irregular density is due to a very large osteochondroma on the distal R femur. There is extensive irregular calcification of its’ cartilaginous cap. The patient presented with a large palpable mass on this side. 
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Dense ivory osteoma involving the L frontal bone & protruding into the orbit. The patient presented with proptosis.
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Giant cell tumour involving the distal femur. Note how the lesion reaches the articular surface & has rather ill defined margins.
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A well defined lucency with expansion but there is a fracture (arrow) associated with it with a break in the cortex laterally. There is bowing of the fibula indicating that it is of fairly long standing. It was a simple bone cyst





A large cystic lesion in the proximal fibular metaphysis with considerable expansion of the bone. There are internal strands of bone (septae). The epiphyses are unfused. This was an aneurysmal bone cyst.
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A 20 year old man presented with pain around the knee. The films show a very sclerotic lesion involving the tibial metaphysis mainly. There is a small periosteal reaction medially which is hardly visible on this reproduction. This was an osteogenic sarcoma.
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A 12 year old patient with pain in the knee. This AP film shows an irregular lucency in the metaphyseal/diaphyseal region with surrounding sclerosis. There is an associated soft tissue mass which can just be seen on the fibular aspect (arrow).
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Chondrosarcoma in the distal femur. There is an ill defined destructive lesion with central calcification & a large soft tissue mass.
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Isotope bone scan showing areas of increased uptake in the R ribs.
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Lateral film of the lumbar spine. One vertebral body has collapsed & shows a permeative destructive process within it. The disc spaces are maintained. This was due to a metastasis. 





AP film of the lumbar spine in a different patient presenting with back pain. The oval shaped eye-like structures lying laterally in the vertebral bodies are the pedicles(black arrows). These should be similar on the two sides. The pedicle on the L side at L1 is not visible & appears to be destroyed (white arrow). This is a common place for a metastasis which was the cause in this patient.
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AP film of the pelvis showing multiple lucencies. The bones are however denser than normal. This was a case of carcinoma of the prostate. Sometimes both lytic & sclerotic metatases may occur in the same patient as in this case.
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AP film of the lumbar spine showing a solitary dense vertebral body (L4). There is loss of trabecular detail & the pedicles are obscured. This may occur with sclerotic metastasis, which is the commonest cause. Other things to consider are lymphoma and Pagets disease. This was a patient with carcinoma of the prostate & this was due to metastases.





Lateral skull showing multiple small well defined lucent lesions in a patient with multiple myeloma.
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A destructive lesion in the proximal tibia in a young patient with Burkitt’s lymphoma





Collapse of vertebral bodies due to lymphoma. The disc spaces are not affected.





An ill defined permeative destructive lesion in the L side of the pelvis due to lymphoma. There is cortical destruction.
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A peripheral opacity in the R mid zone. This was due to a soft tissue mass caused by a myelomatous deposit in a rib.





There is a destructive lesion in the lateral rib (arrow)  related to the soft tissue mass.
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Osteomyelitis of the humerus with a pathological fracture. There is extensive periosteal reaction along the shaft.
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