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5. METABOLIC / SYSTEMIC DISEASE:

Rickets & Osteomalacia:

Vitamin D deficiency leads to rickets in children and osteomalacia in adults.. There are many causes of rickets and osteomalacia ranging from malabsorption to renal failure.  

Rickets due to vitamin D deficiency is commonest in small children and affects the growing ends of the bone. The radiographic changes are due to failure of osteoid to calcify. Consequently the most obvious changes are at the metaphysis where the most rapid growth is occurring. The radiographic features include:

· Widening of the growth plate – due to lack of calcification of osteoid

· Indistinct metaphyseal margin

· Loss of the white line adjacent to the metaphyseal margin (the zone of provisional calcification). The earliest sign

· Fraying and splaying of the metaphyses which often show a cupped appearance – due to weight bearing on the unossified bone

· Thin bony spur extending from the corner of the metaphysis

· Indistinct cortex due to uncalcified subperiosteal osteoid

· Cupping of the anterior ends of the ribs

· [image: image1.jpg]


Bowing and deformities of the bones develop later -characteristically bowing of the legs, triradiate pelvis, scoliosis, biconcave vertebral bodies, indrawing of the lower part of the chest wall (Harrisons sulcus). These occur due to weight bearing on softened bones.
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Rickets may be confused with Blounts disease, which is a developmental abnormality involving the upper tibial metaphysis with a large “beak” medially and genu varus deformity. Early walking may be contributory.
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Osteomalacia occurs in the mature skeleton.  Bone pain is common and there is generalised reduction in bone density. The radiological hallmark are narrow lucent bands at cortical margins due to a break in the cortex (incomplete fracture). These are initially ill defined but with time develop a sclerotic margin.  They are called pseudofractures or “Looser’s zone”. They are usually bilateral, symmetrical and are common in the pubic rami and proximal femora. Changes also occur in the spine, the vertebral bodies becoming biconcave in appearance – “codfish” vertebrae. Due to bone softening other bone deformities may occur such as a triradiate pelvis.
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Vitamin C Deficiency:  SCURVY.
This is rare under 6 months of age usually affecting children aged 6months – 2 years. It does occur in adults but is rare. The characteristic radiographic signs are:

· Decreased density in the epiphysis with a very thin cortex (Wimberger sign)

· Dense zone of provisional calcification – dense white line due to excessive calcification of osteoid as production of new osteoid decreases

· Metaphyseal lucency - lucent zone beneath the white line

· Metaphyseal corner fractures through weakened metaphysis resulting in cupping of metaphysis (Pelkan spur).
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Periosteal reaction due to subperiosteal haemorrhages. These show radiologically only when they begin to calcify in the healing phase.

· Osteoporosis – this is usually the only sign in adults.
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Osteoporosis:  is due to a decrease in bone mass. There is a diminished quantity of bone unlike osteomalacia in which there is a normal quantity of bone but an excess of uncalcified osteoid. 

There are many causes, the commonest being the menopause in women.  It leads to an increased incidence of fracture, particularly in the femoral neck, spine (compression fractures) and other fractures following minor trauma. Changes on X-ray are non specific but include the following:

· Decreased bone density.

· Cortical thinning

· Accentuation of trabecular lines due to resorption of secondary trabeculae

· Compression fractures of the vertebral bodies.

Decrease in bone density alone is difficult to assess on plain films as this can be simulated by overexposure. 

Hyperparathyroidism :  another cause of bony demineralisation but in this case due to bone resorption. It may be primary or secondary to renal failure. The characteristic features on plain films are:

· Bony resorption. This shows as subperiosteal erosions in the phalanges; resorption of the outer ends of clavicles, resorption of distal phalanges with pointed tufts and resorption of lamina dura (floating teeth).

· Bone cysts (brown tumours)

· Renal calculi  and vascular calcification

· Generalised loss of bone density

· “Pepper pot” skull vault due to small areas of bone resorption. Before this becomes obvious there is loss of normal bone detail, the skull vault having a fuzzy appearance.

Renal osteodystrophy  occurs secondary to chronic renal failure which may follow glomerular disease or chronic pyelonephritis.  It consists of three abnormalities:

1. osteomalacia or rickets

2. secondary hyperparathyroidism

3. osteosclerosis

One of the characteristic appearances occurs in the spine where alternating dark and light bands may be seen. This is due to sclerosis adjacent to the end plates. This simulates the appearance of the stripes on a rugby shirt and has been named the “rugger jersey” spine.

In children there may be destruction of bone in the femoral neck resulting in a “rotting fence-post” appearance which is  associated with a slipped upper femoral epiphysis.
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HAEMOPOIETIC DISEASES

Sickle cell disease:  
A common disease in Ghana it causes many radiological appearances in various parts of the body but the fundamental skeletal abnormalities consist of hyperplasia of marrow and areas of bone necrosis due to infarction. All variants of the disease produce essentially similar radiological abnormalities.

· Marrow hyperplasia. – widening of the medullary cavities with decrease in bone density. There are coarse trabeculae with cortical thinning and bone expansion. The changes are most marked in the axial skeleton. 

· Skull. Get widening of the diploe with prominence in the frontal region (bossing). May get “hair on end” appearance but this is seen in only a small percentage of cases.

· Spine -  osteoporosis  with prominent trabeculae and biconcave vertebral bodies.

· Vascular occlusion occurs due to sickling and causes necrosis of  bone (bone infarcts)

· Dactylitis (hand-foot syndrome) in children aged 6 –24 months. There is soft tissue swelling with patchy lucency and sclerosis of the shaft with periosteal reaction. It is seen in the metacarpals or phalanges . The appearances are identical to infection.  In many cases the X-ray appears normal at presentation as it takes 1-2 weeks for radiological changes to occur.

· Long bones -  infarction of bone which may affect the diaphysis or the epiphysis. The femoral head is a common site. Bone infarcts present as areas of sclerosis but if a large area of the shaft is involved the appearances are identical to those seen in acute osteomyelitis. Necrosis affecting an epiphysis shows fissures, fragmentation, flattening and sclerosis. May get a “bone within a bone “appearance in the long bones and widespread increase in bone density.

· Spine -  causes square shaped compression infarcts of the end-plates in the vertebral bodies. These result in the characteristic H-shaped vertebral bodies, which are pathognomonic for sickle cell disease.

· Infection – occurs in many cases which is commonly due to salmonella. It is difficult to differentiate from infarction
Extraskeletal manifestations may be seen. 

· gallstones

· splenic infarcts
· renal papillary necrosis
· acute chest syndrome 
· heart failure secondary to anaemia
These are covered in other chapters.
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 Acute Leukaemia:
This occurs more commonly in children and produces characteristic signs on plain films

1. Metaphyseal translucencies – occur in 90% of cases in children. Usually in the knees, wrists and ankles

2. Metaphyseal cortical erosions –on the medial side of the proximal ends of the humeral and tibial shafts.

3. Osteolytic lesions- usually diffusely scattered. Commonest in shafts of long bones.

4. Periosteal reactions –associated with underlying bone lesions

Metastatic neuroblastoma produces almost identical appearances.

5. DISEASES OF THE JOINTS  (excluding infection)

There are 2 main groups of joint disease

1. Degenerative:    osteoarthritis, spondylosis, 

2. Inflammatory:   rheumatoid arthritis (RA), psoriasis, ankylosing spondylitis, Reiters disease, juvenile arthritis, enteropathic (associated with inflammatory bowel disease)

In addition there are less common diseases :

· Connective tissue disorders: systemic lupus, scleroderma, polyarteritis nodosa

· Crystal arthropathy : gout & pseudogout

· Neuropathic: diabetes, leprosy, syringomyelia

· Blood disorders: haemophilia, haemachromatosis

Degenerative joint disease is due to mechanical wearing down and is usually a process of ageing.  It is commoner in weight bearing joints. It may be accelerated or caused by :

· previous fracture with malunion and abnormal stress on the joint, or through the articular surface

· infection

· ischaemic necrosis

· ligamentous damage with instability of the joint

· secondary to RA and other synovial joint diseases
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Radiographic features:

1. Distribution:

· asymmetric

· large weight bearing joints: hips & knees

· lumbar spine; cervical spine

· distal interphalangeal joints

2. Joint space narrowing which is asymmetrical and most marked on the weight bearing part of the joint

3. Osteophyte formation – bone spurs projecting from the joint margin.

4. Periarticular sclerosis -  most marked adjacent to the joint space loss

5. Periarticular cyst formation

6. Loose bodies due to detached osteophytes.
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In the spine degenerative disease occurs at numerous sites.  The term osteoarthritis is reserved for the apophyseal (facet) joints.  Degenerative disc disease is called spondylosis and leads to narrowing of the disc space often associated with osteophytes or bony spurs which develop at the margins of the bodies adjacent to the discs.
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Diffuse idiopathic skeletal hyperostosis  (DISH or Forestier’s disease) is seen in the elderly male population.  It is characterised by flowing calcification along the anterolateral aspect of at least 4 contiguous vertebral bodies.  The disc spaces are preserved.  The sacro-iliac joints are normal.  The changes are most marked in the thoracic spine.  The cause is unknown.
Synovial arthropathy or inflammatory joint disease – polyarthropathy

This may be sero- negative or sero- positive. The commonest of these is rheumatoid disease (RA) which is usually seropositive.  

Rheumatoid Arthritis: is a chronic polyarthritis due to inflammation causing bone erosion with cartilage destruction. The main features are articular erosions, loss of joint space, periarticular osteoporosis and subluxations.
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Radiographic features::

1. Fairly symmetrical distribution

2. Multiple joints involved

3. Soft tissue swelling around the joint

4. Osteoporosis is the first sign – periarticular in distribution at first, later becoming generalised.

5.  Small joints first affected: metacarpo-phalangeal, metatarso-phalangeal and the carpus. The foot is often affected before the hand 

6. Bone erosions  along the joint margins

7. Joint space narrowing which is usually symmetrical (uniform).

8. With destruction of articular surfaces subluxations develop especially in the metacarpo-phalangeal joints resulting in the characteristic ulnar deviation of the fingers seen in this disease.

9. As the disease progresses joint spaces are totally obliterated and bony ankylosis may occur

10. Changes in the cervical spine with erosion of the odontoid peg and atlanto-axial subluxation.

11. Secondary osteoarthritis
12. Bakers cysts behind the knee are common. These may rupture producing similar symptoms to a deep vein thrombosis
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Seronegative inflammatory arthropathies include:

· Reiters syndrome

· Ankylosing spondylitis

· Psoariasis

· Juvenile chronic arthritis
Radiographic features:
1. Asymmetrical distribution, usually involving few joints. Joint space narrowing, bone erosion & bone proliferation 

2. Especially likely to involve the spine –vertical bony spurs form rather than horizontal spurs (syndesmophytes). Later may get bony ankylosis  which on the AP film resembles a bamboo shoot, called “bamboo spine”

3. Sacro-iliac joints are commonly involved especially in ankylosing spondylitis. Erosions and joint space widening is followed by sclerosis and ankylosis.

4. Peripheral joints, asymmetrical, usually interphalangeal joints rather than metacarpo-phalangeal joints, associated with very little osteoporosis which is quite different from rheumatoid arthritis.
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Crystal arthropathy :  Gout & Pseudogout
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Gout : is caused by deposition of monosodium urate crystals in and around a joint. There is a raised serum uric acid level with recurrent attacks of acute very painful arthritis. There is soft tissue swelling around the joint.

 X-ray features:

· Soft tissue swelling

· Usually the first metatarso-phalangeal joint but can be any joint

· Erosions which have a “punched out” appearance, usually separate from the articular surface

· The joint space is preserved

· Normal bone density

· Tophi due to crystals deposited in the soft tissues, bone and around joints. They may contain calcification.

Pseudogout – this occurs secondary to the deposition of calcium pyrophosphate dihydrate crystals in the joint.  It characteristically produces calcification of the articular cartilage (chondrocalcinosis). The commonest joint to be affected is the knee.
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Neuropathic joint- this occurs secondary to loss of sensation due to a peripheral neuropathy which may be secondary to leprosy, diabetes or yringomyelia (upper limbs).  There are gross degenerative changes with joint disorganisation, new bone formation and subluxations

.
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Haemophilia-  changes occur in the bones and joints secondary to bleeding.  The commonest joint to be affected is the knee.  In the acute phase there is haemarthrosis which later leads to erosion of the articular surfaces with characteristic widening and squaring of the intercondylar notch

MISCELLANEOUS CONDITIONS::

1. Ischaemic necrosis:  (Aseptic necrosis; avascular necrosis; bone infarct)

The term osteonecrosis implies that a segment of bone has lost the blood supply so that the cellular elements within it die.

This has several causes, the commonest of which are:

· thrombosis

· vascular compression by oedema or joint effusion
· trauma
· diabetes
· sickle cell disease, haemoglobinopathies
· steroids
· infection

· caisson disease – divers

· idiopathic

The infarcted area is denser than normal bone because the normal bone becomes demineralised through disuse.  The bone without blood supply remains denser.  Later it remains denser as new bone is laid down on the old framework.  In joints, a subcortical necrotic zone of transradiancy occurs which results in collapse and flattening of the surface.  osteoarthritis develops later.
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Osteochondritis:

This is a disease of the epiphyses, beginning as necrosis followed by healing -  as in avascular necrosis.  Some, such as Perthes disease, are thought to be due to vascular occlusion.  Others are linked to trauma.  Specific names are given to the disease at different sites, the commonest being Perthes disease which is osteochondritis of the upper femoral epiphysis.

Perthes disease:

· Onset age 3-10 years. Commoner in boys.

· Often bilateral.

· The first sign is widening of the joint space- lateral displacement of the femoral head, probably due to effusion.

· Subcortical fissures develop which often seen best on the lateral view

· Increase in density of the epiphysis follows due to compression and calcification in dead bone.

· Later, cystic changes develop in the metaphysis.  The joint space is preserved until late.

· There is often delayed appearance of the epiphysis.

· There is persistent deformity after healing with residual flattening of the femoral head.

· osteoarthritis develops later
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There is jug 
Scheuermans disease  - Adolescent kyphosis

This is due to involvement of the ring epiphyses at the margins of the vertebral bodies.  It occurs age 13-17 years.  A kyphosis develops in the thoracic spine, the end plates become irregular and there may be radiolucent lesions (Schmorls nodes) with sclerosis . There is wedging of the anterior body and loss of disc space

Osgood Schlatters disease:

This is due to involvement of the tibial apophysis.  Imaging is not indicated as it can be diagnosed clinically.  When X-rays are taken they show fragmentation.

Blounts disease:

Occurs age 1-3 years most commonly.  Is due to involvement of the proximal tibial epiphysis leading to depression of the medial metaphysis with a bony spur.

Freibergs disease– involves a metatarsal head, usually the 2nd
Keinbocks disease– involves the lunate bone in the wrist
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OSTEOCHONDRITIS DESSICANS

This is related to trauma and occurs as a result of a shearing, rotational force which causes a chondral or osteochondral fracture.  The commonest site is in the knee where it usually involves the medial femoral epiphysis.  A small bony fragment separates surrounded by a radiolucent ring.  It is the commonest cause of a loose body within the joint in young people.

PAGETS DISEASE:

This is rare in Africa but common in Northern Europe.  The cause is unknown.  It consists of 3 phases:

· Initially there is resorption of bone due to increased osteoclastic activity  - lytic phase

· New bone is formed in an attempt at repair but this is abnormal bone resulting in bone expansion and abnormal modelling - mixed lytic and sclerotic phase

· Inactive phase  -    sclerotic phase

Common sites are the skull (where it produces a cotton wool appearance in the vault), pelvis & spine.

The bony trabeculae are coarse and thickened with increase of bone width.  In the spine it may present as a sclerotic vertebral body.  Sometimes it is not possible to differentiate it on radiological appearances alone from prostatic metastases. Characteristically there is increase in size of the affected bone.

.

OTHER IMAGING METHODS IN SKELETAL DISEASE:

1 ARTHROGRAPHY: is performed by injecting water soluble contrast together with air into a joint cavity.  Commonly the knee or shoulder. In the shoulder it is used to diagnose tear of the rotator cuff although this technique is now being replaced by ultrasound, computed tomography or magnetic resonance imaging when available.

In the knee it was previously performed to diagnose meniscal tears but has now been replaced by arthroscopy and magnetic resonance imaging. It is occasionally used in the elbow to diagnose a loose body and for abnormalities in the wrist.
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2. COMPUTED TOMOGRAPHY:
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This is particularly useful in trauma:

· spine to show displaced fragments

· tibial plateau to show depressed fragments

· calcaneal fractures prior to surgery

· fractures of the acetabulum & pelvis

It is also useful for:

· spinal stenosis

· prolapsed lumbar disc

· bone destructive lesion

· soft tissue tumours

· recurrent dislocation of the shoulder

3. MAGNETIC RESONANCE IMAGING

This has advantages over arthrography in the knee and shoulder

It shows ischaemic necrosis earlier than plain films & computed tomography

It shows osteomyelitis before plain film changes

It shows bone bruises following trauma when plain films are normal

4. ISOTOPES

This is most used for detecting metastatic disease & is more sensitive than plain X-rays although not specific.

It can also be used for detecting undisplaced fractures not seen on plain films & in the diagnosis of infection. 
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Thin bony spur





Frayed cupped metaphysis











Subperiosteal osteoid





Widened growth plate
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AP both wrists showing changes of rickets in a child before the development of the epiphyses. The metaphyses show characteristic fraying & cupping





�
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A film of a normal wrist. This is helpful for comparison





Changes of rickets which are not as marked as in the above case. Compared with the normal wrist it can be seen that there is a little cupping of the metaphyses, perhaps most marked in the ulnae.
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Although the wrists are usually X-rayed to make a diagnosis of rickets changes will be seen in any weight bearing joint. These are the knees of a patient with rickets showing some splaying of the metaphyses.
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Patient with Blounts disease. There is a bony projection on the upper tibia medially without fraying or cupping of the metaphyses. The femoral metaphysis appears normal. It looks quite different from the case of rickets above.





Lateral view of the spine in a case of osteomalacia due to Cushings disease. The bones are demineralised & show compression of the end plates with a biconcave appearance. The so-called “cod-fish” vertebrae. So-called because the disc space between the bodies resembles the shape of a fish.





Normal for comparison
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Scurvy in the healing phase showing marked periosteal reaction due to calcification of the subperiosteal haemorrhages.
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Bilateral slipped upper femoral epiphyses in a child with renal failure. The slip occurs due to bone resorption in the femoral necks with resulting weakening of the bone. It is a feature of renal rickets. Normal appearance shown for comparison on the L





A young patient with renal failure. The spine shows early changes of renal osteodystrophy with a little sclerosis in the vertebral bodies adjacent to the end plates.
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Alternating dark discs, white sclerosis, darker mid body, sclerosis, dark disc produce a striped appearance














Metaphyseal lucency








Corner fracture (Pelkan spur)

















Calcification of subperiosteal haemorrhages





Dense zone of provisional calcification





Pencil thin cortex (Wimberger sign)
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A child with sickle cell disease presenting with pain & swelling in  both feet  with inability to weight bear. The X-ray shows patchy destruction of bone in both 1st metatarsals, the appearances are those of dactylitis.
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An adult patient with sickle cell disease. There are changes of  ischaemic necrosis in the L hip which shows a large lucency in the femoral head with some flattening.
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Typical appearance of H-shaped vertebrae due to end-plate infarctions
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Lateral spine in sickle cell patient. More often than not H-shaped vertebrae are not seen but biconcave bodies as in this patient.





AP film of same patient showing biconcave appearance of the bodies
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Bone within a bone appearance in a patient with sickle cell disease.
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Generalised increase in bone density with loss of trabecular detail in a patient with sickle cell disease. There is also abnormality in the L hip which shows widening of the joint space & flattening of the femoral head due to ischaemic necrosis.
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Marked demineralisation in the R hip. There is a sclerotic spine with concavity of the upper border of L5 indicating that this is a sickle cell patient. The patient presented with fever & R hip pain with inability to weight bear. The appearances are due to infection which is a common complication in sickle cell patients & often due to Salmonella





A sickle cell patient with severe back pain. The X-ray shows loss of disc space with early formation of gibbus deformity. There is demineralisation of the 2 vertebral bodies. These appearances indicate infection.
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Asymmetrical joint space narrowing with adjacent sclerosis





Joint space narrowing with degenerative cysts & osteophytes





Asymmetrical loss of joint space, adjacent sclerosis, cyst & osteophyte (arrow)





L hip showing  a little loss of joint space superiorly & sclerosis. Normal hip on the R for comparison. These are early changes of osteoarthritis. 
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AP film of the hips in a boy who presented with R hip pain of a few weeks duration. The R upper femoral epiphysis is a little smaller than the L & there is widening of the joint space when compared to the other side.
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Osteoarthritis of the knee showing asymmetrical loss of space which is very marked in the medial compartment. There is also subarticular sclerosis on this side.





A more advanced case of osteoarthritis in the hip with loss of space & degenerative cysts in the roof of the acetabulum
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AP film of the spine showing degenerative disc changes (spondylosis). There is reduction in height of the disc spaces & lateral osteophytes at all levels
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AP film of the thoracic spine showing diffuse idiopathic skeletal hyperostosis. There are large bridging osteoophytes on the R side only. The cardiac pulsations prevent their formation on the L side.
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Ulnar deviation of the fingers due to subluxations at the metacarpo-phalangeal joints in rheumatoid arthritis
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Patient with rheumatoid arthritis. There are erosions involving the metacarpal phalangeal joints. Also changes in the R carpus with loss of joint space in the radio-carpal joint with sclerosis & subarticular cyst.





Close up of erosions in the metacarpal-phalangeal joints





Close up of R carpus showing loss of joint space in the radio-carpal joint, sclerosis & degenerative cyst. These appearances suggest secondary osteoarthritic changes in the carpus
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There is marked widening of the space between the anterior margin of the odontoid process & the anterior arch of C1. This should not exceed 3 mm. The odontoid process is pointed instead of being rounded due to erosion. This was a patient with rheumatoid arthritis
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Normal appearances of the atlanto-axial joint





Anterior arch C1





Eroded odontoid
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A 20 year old woman who presented with chronic pain & swelling in the R wrist. The X-ray shows disruption of the normal arcs with the carpal bones having a “squashed” appearance. This was due to juvenile arthritis





Normal wrist from comparison
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Lateral lumbar spine in a patient with ankylosing spondylitis. There is calcification of the anterior spinal ligament (arrow). 
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PA & Lateral view of a wrist showing disorganisation with subluxations/dislocations. There is also sclerosis due to secondary degenerative changes. This was a neuropathic joint in a patient with syringomyelia.
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AP view of the knee in a patient with haemophilia. It shows the characteristic squaring of the intercondylar notch.
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Bone infarct  showing as an area of sclerosis.





Ischaemic necrosis of the L femoral head. There is a large lucent area with some flattening of the femoral head. Secondary degenerative change is inevitable.
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A frog-leg lateral view taken with the legs abducted, shows obvious flattening of the R upper femoral epiphysis which look a little sclerotic.
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Close up shows a dark  fissure in the subchondral region. This was not visible on the AP film. This was a case of Perthes disease.
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L shoulder arthrogram showing contrast lying between the acromion and humeral head indicating a tear of the supraspinatus tendon.
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Computed tomography scan showing a fracture through the body & arch. There is a displaced fragment lying in the spinal canal. This would not have been evident on plain films.





�





Abnormality in the ribs on a radionuclide study. The patient had a swelling related to the R ribs and plain films were unhelpful. This shows obvious involvement of two ribs. On biopsy the mass was a sarcoma.





Normal





Atlanto-axial joint





Osteochondritis dessicans
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