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IMAGING OF THE HEAD, NECK AND SPINE 

Imaging Techniques:

1. Plain X-rays

2. Computed Tomography

3. Magnetic Resonance Imaging

4. Arteriography

5. Myelography

6. Ultrasound . 

A)  HEAD (SKULL AND BRAIN)

SKULL X-RAYS

Since the advent of computed tomography and magnetic resonance the need for plain X-rays of the skull has almost disappeared. However, apart from ultrasound, which is of limited value in examining the head, plain X-rays are often the only imaging method available in some countries. Plain films are of limited value in suspected intracranial pathology, especially in the absence of neurological signs. 

The standard views are:

· Lateral

· AP or PA – usually taken PA unless following trauma.

In some instances the PA view will be substituted by the half axial or Townes view or the latter may be taken as a third view. This is taken with a 30 degree caudal tilt of the tube to project the occipital and petrous bones free of the overlying facial bones.

 Indications  for skull X-rays

· Trauma:

              Severe

              Minor trauma if history of loss of consciousness

              Bleeding from the ear or cerebro-spinal fluid leakage indicates a fracture of the base of skull. This will not be seen on skull X-ray due to overlapping structures at the base of the skull but if a lateral film is taken with the patient lying supine other signs may be seen such as fluid in the sphenoid sinus or air in the cranial cavity.

· Local bulge, if fixed and not mobile.

· Indentation ?bony defect

· Suspected skull metastases  or myeloma  - lateral view only. Additional views are unhelpful.

· Persistent headache – seldom helpful unless there are clinical signs such as a neurological abnormality, signs of raised intracranial pressure, or visual abnormality.

· Congenital abnormality

· Suspected osteomyelitis of the skull, spread  from infected sinus

· Earache – skull views are seldom helpful.  Special views need to be taken for the mastoids & these are difficult to interpret & often unhelpful even in suspected acute mastoiditis

Other views are sometimes taken. These are:

· views for optic foramina (suspected optic nerve glioma)

· mastoid views ( mastoiditis, chronic middle ear disease)

· petrous bone ( internal auditory canals in suspected 8th cranial nerve tumour

· coned views for pituitary fossa ( pituitary fossa tumour, raised intracranial pressure)

· view of the base of skull – submento-vertical
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NORMAL APPEARANCES

The skull X-ray is complex. The skull vault is easier to assess than the skull base, which is dense with many superimposed structures. In the skull vault the 2 tables of bone should be seen intact separated by a darker line of marrow.
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Little detail can be seen in the skull base unless special views are taken
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The pituitary fossa is a rounded depression in the middle of the skull base lying above the sphenoid sinus. It is bounded by the bony anterior & posterior clinoids. Lining the pituitary fossa is a thin white line called the lamina dura.
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In the PA skull film taken with 10 degree caudal tilt the petrous ridges are projected through the mid orbits. With a 20 degree tilt they are projected over the inferior orbital margin. The latter projection is needed to assess the orbits.
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Vascular markings occur due to arteries and veins. The arterial markings are in fairly constant positions and branch becoming smaller in diameter peripherally. They are not as dark as fracture lines & smoother in outline. Veins drain into venous lakes. The vascular markings vary considerably from patient to patient.

The greater wing of the sphenoid should be seen projected through the orbit on the PA 20 film.
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FINDINGS TO LOOK FOR ON SKULL X-RAY

1.  Calcification/density
This may be a normal finding or be pathological. Calcification is commonly seen in the central falx. It is a normal finding in the pineal which is a midline structure & often used as a marker for midline shift if calcified. The basal ganglia may calcify in elderly people & show as clusters of irregular calcification on either side of the midline.

Abnormal calcification may take many forms. There may be increased density in the skull vault itself or calcification within the brain. Calcification within the brain may be:

· Linear -  usually vascular such as arterio-venous malformation, Sturge-Weber syndrome. It is occasionally seen in glioma.

· Multiple small densities – may be seen in cysticercosis, tuberous sclerosis, congenital toxoplasmosis and congenital cytomegalic virus. The acquired form, associated with HIV does not calcify.

· Smooth and dense -  meningioma

· Speckled, irregular -  brain tumours such as glioma or craniopharyngioma

· Rounded irregular – tuberculoma

· Periventricular – may occur in congenital cytomegalic virus and tuberous sclerosis. 

These are difficult to interpret and if calcification is seen within the brain on plain films a CT scan is indicated.
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Increased density in the skull itself may be a normal finding as in hyperostosis frontalis interna. This causes increased density in the frontal regions in older patients and is common in elderly females. It has no significance.

Abnormal hyperostosis may affect any part of the skull. 

· Fibrous dysplasia – a congenital abnormality commonly affecting the facial bones or base of skull. It causes increased bony density with widening of the bone

· Pagets disease commonly affects the skull vault and base. It causes increased density, which is usually patchy in the vault. There is thickening of the bone with widening of the skull table

· Meningioma – may affect the adjacent bone producing dense hyperostosis

· Osteoma -  a benign well defined bony tumour commonly arising from the frontal sinus

· Sclerotic metastases may rarely be seen in the skull vault

· Renal osteodystrophy – may produce density in the skull as well as the spine but is generalised in the skull

· Chronic haemolytic anaemia  - produces a generalised hair-on end appearance in the calvarium which is thickened

· Chronic middle ear disease commonly produces sclerosis in the mastoid regions

· Osteomyelitis – if chronic produces sclerosis, often around an infected sinus.

Low density opacities are commonly produced by bunches of hair and these can be confusing.
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2. Bony erosion/ skull defects
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Firstly it is important to make sure that the defect is really an area of bone erosion. Certain areas of the skull appear darker than others on plain films  and it is important not to mistake them for an abnormality.

Also, patients who had previous surgery may have very dark well -defined holes in the bone due to burr holes.

· Vault – there may be a solitary lytic area of bone erosion or there may be multiple lucencies
· Multiple Myeloma – usually shows as multiple well defined punched out lesions

· Histiocytosis – large irregular defect in a children resembling a country on a map (“Geographical skull”)

· Eosinophilic granuloma – well defined lucency, may be multiple

· Metastasis – irregular area of bony erosion. May be solitary or multiple

· Tumour of the scalp  may erode the underlying bone

· Hyperparathyroidism – causes ill defined tiny areas of bone resorption – “pepper pot skull”

· Osteomyelitis  - often has a smooth dense edge

Multiple lytic defects are usually due to metastases or myeloma. Infection rarely.

Solitary well- defined lesion is usually a benign tumour 

Solitary with smooth dense edges is usually a slow growing tumour or infection

Irregular ill defined edges is usually malignancy, or more rarely infection

· Pituitary Fossa – erosion of the dorsum sella occurs with a local tumour or raised intracranial pressure. It shows firstly as loss of the white line of the lamina dura lining the floor of the fossa. 
· Base of skull  - tumour, primary or secondary, eosinophilic granuloma

· Sinuses -  tumour, mucocele          

· Optic canal -  glioma of the optic nerve

· Petrous bone – cholesteatoma, tumour

· Acoustic (auditory canal) tumour of the 8th nerve.

· Congenital – well- defined bony defects may be due to a dermoid, epidermoid (well -defined lesion in the skull vault with bone expansion) or encephalocele (central defect).
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3. Abnormal sutures – fusion or widening

At birth there may be accessory sutures present, the commonest being persistence of the metopic suture which runs vertically up the centre of the frontal bone. It usually disappears by 9 months. Sutures in babies have a smoother margin and are wider than those in older children. The outer suture margin becomes serrated and sutures fuse normally between the ages of 20-30 years. The normal suture width should not exceed 3 mm by the age of 3 months although it can be as wide as 1 cm in the neonate.

· Craniostenosis occurs with premature fusion of the sutures.

The posterior fontanelle normally closes at 2-3 months of age & the anterior fontanelle between 18- 24 months.

The skull sutures should all be firmly closed by age 30yrs.

In Craniostenosis some sutures fuse early, while the brain is still growing, which results in an abnormal shape to the skull. There are different names attached to the abnormality according to the shape of the skull caused by fusion of a specific suture.

Fusion of the sagittal suture causes the skull to be narrow and boat- shaped, longer than wide. This is called doliochocephaly or scaphocephaly

Premature fusion of the coronals gives the skull a broader than long shape with a flat occiput. This is called brachycephaly or oxycephaly

Asymmetrical growth due to unilateral fusion of the lambdoid or coronal sutures is called plagiocephaly.

Generalised premature fusion causes microcephaly – a generally small skull.

Premature fusion may cause compression of cranial nerves or mental deficiency, especially microcephaly where the children are

invariably mentally retarded.

On plain films there is loss of definition of the suture margins and the suture lines are difficult to see but often the diagnosis is difficult to make on plain films and computed tomography is used.

· Widening of the sutures -  this may be due to:

· Suture diastasis, which may be seen up to the age of 10 years. It may take just a few days to appear. This is seen in hydrocephalus and a space- occupying lesion within the skull, which may be a tumour or haematoma.

· Infiltration of the sutures by metastases from neuroblastom or leukaemia and lymphoma

· Defective ossification in bone dysplasia, renal osteodystrophy & rickets.

· Fracture through the suture line
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4. Changes in the pituitary fossa (sella turcica).

The pituitary fossa may vary in shape and size normally. It may show bony bridging or calcification of the petro-clinoid ligaments. This is without significance.

Abnormal features:

· Loss of the lamina dura

· Erosion of the clinoids

· Enlargement of the pituitary fossa

· Abnormal shape to the sella – J-shape

· Double floor to the sella
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Loss of the lamina dura occurs in raised intracranial pressure in adults. The white line outlining the floor of the fossa disappears beginning posteriorly. This is followed by erosion of the posterior clinoids, which initially become pointed & then slowly disappear from above downwards.
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Enlargement of the pituitary fossa occurs in local tumours of the pituitary gland, also cranio-pharyngiomas. It is generally expanded and ballooned. The floor is eroded, depressed and may extend into the sphenoid sinus. This may be asymmetrical resulting in a double floor to the fossa.  The posterior clinoids become thin and eroded as the tumour increases in size.

J-shaped sella may rarely be a normal variant in children. Other causes are optic nerve glioma and chronic hydrocephalus.
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5. Increased convolutional markings in the vault (copper beaten skull)

Increased convolutional markings may be seen in children.. They are a normal appearance in most cases, especially in children aged 4-8 years at the time of rapid brain growth. Occasionally it is seen in raised intracranial pressure in older children but is a difficult sign to assess. The appearance is due to convolutional markings on the inner skull table.

[image: image28.jpg]


.

6. Fractures
Fractures are seen as black lines but if the fracture is depressed with overlapping fragments it will appear as a white line. They can usually be differentiated from vessels by the fact that vessels branch smoothly, taper peripherally, and are in known anatomical sites. They are less dark than fractures as one skull table is intact whereas in fractures both skull tables are broken. They can be differentiated from sutures as the latter have irregular outer margins and are in specific sites. Sometimes a suture will be widened after skull trauma and this has the same significance as a fracture.

Fractures of the occipital bone will only show clearly on a Townes view and this should be requested if trauma was to the back of the head.
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Basal skull fractures will seldom be seen on plain films due to overlapping bony structures. A lateral skull film following trauma should be taken with a horizontal beam while the patient lies supine. If there is a fracture involving an air sinus or mastoid air cells, air may leak into the cranial cavity producing a fluid level with the cerebro-spinal fluid. Alternatively cerebro-spinal fluid may leak out into a sinus producing a fluid level in the sphenoid or frontal sinus.

Fractures of the nasal sinuses may allow air to pass into the orbits, especially on nose blowing. This causes orbital emphysema with a dark area in the upper orbit just below the supraorbital ridge.
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COMPUTED TOMOGRAPHY AND MAGNETIC RESONANCE IMAGING

Computed tomography & magnetic resonance imaging has largely taken over from plain films when available. Computed tomography is done using axial slices at 5-10mm intervals. Coronal sections are used for imaging the pituitary fossa and paranasal sinuses.  Intravenous contrast is given in certain cases, especially when metastases are suspected and in brain tumours.

The main indications for CT scanning are:

· Suspected tumour

· Complications of head injury

· Suspected intracranial metastases

· Staging prior to surgery in lung cancer

· Suspected subarachnoid haemorrhage

· Stroke to exclude haemorrhage.

· Proptosis & orbital masses

Magnetic resonance can image the brain in coronal, axial or sagittal planes. Different sequences are used to demonstrate and characterise lesions.

This has now taken over from computed tomography in several areas      

· imaging of the posterior fossa

· imaging of the pituitary

· detection of berry aneurysm (but not subarachnoid haemorrhage itself)

· multiple sclerosis -  plaques easily demonstrated

· epilepsy

· acoustic neuroma

· in general shows better brain detail than computed tomography and if readily available would be used in preference except for trauma & suspected intracranial haemorrhage

Sequences are chosen for each patient but in general, images are obtained in coronal an sagittal planes, in T1 and T2 sequences.  They may need to be repeated following injection of Gadolinium

[image: image34.jpg]


[image: image35.jpg]



[image: image36.jpg]



1.  TUMOURS:

Glioma is the commonest primary tumour and on computed tomography shows as a dark area (low attenuation) usually in the 

white matter.  It causes mass effect and is usually heterogenous. There is surrounding oedema showing as a darker area around it. The tumour enhances (appears brighter) to some extent after intravenous contrast. This tumour may contain calcifications which appear very bright on scanning (similar attenuation to the skull vault).

On magnetic resonance it appears dark on T1 and bright on T2..

Metastases: may be single or multiple. If single it is not possible to differentiate from a primary lesion. They commonly present in cases of carcinoma of the breast or bronchus. They show ring enhancement and are often much smaller than the size of the abnormality suggests because of surrounding oedema. They may also appear haemorrhagic or cystic.
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Meningiomas  are benign well defined tumours occurring in characteristic sites related to the meninges. Frequent sites are the falx, parasagittal region and the wing of sphenoid. On computed tomography they appear as homogenous high attenuation lesions with rounded margins. Calcification is present in 16-20%. There is marked enhancement after contrast and no surrounding oedema. Magnetic resonance imaging shows similar appearances with marked enhancement after gadolinium. MRI is not as good as computed tomography because it does not detect small calcifications.
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Pituitary tumour : small pituitary tumours will not show changes on plain films and these are best shown by magnetic resonance imaging which is better than computed tomography for examining the pituitary fossa.  Microadenomas of the pituitary cause hyperprolactinaemia and are usually less than 1 cm in size. High resolution computed tomography or magnetic resonance is necessary to demonstrate these. However, hyperprolactinaemia is a non-specific sign and there are other causes such as drugs. Imaging is not usually indicated with a serum prolactin measuring less than 1000units.

[image: image40.png]


Craniopharyngiomas occur in childhood or adolescence. Calcification occurs in 80% and some can be diagnosed purely from the  plain film findings of midline calcification above the pituitary fossa. 15% grow into the pituitary fossa causing enlargement. They are related to the floor of the 3rd ventricle making surgical removal difficult. On computed tomography they are cystic or partially cystic with enhancement in the solid parts after contrast.
Cerebellar tumour: the majority occur in children. Medulloblastoma is the commonest followed by ependymoma. Medulloblastoma on computed tomography shows as a hyperdense central mass growing into the 4th ventricle causing hydrocephalus. It shows intense enhancement after contrast. Magnetic resonance imaging is better for imaging the posterior fossa than computed tomography.

Primary Lymphoma usually appears as a hyperdense lesion on computed tomography showing homogenous enhancement after contrast with little surrounding oedema. It usually occurs deep within the brain in the basal ganglia or paraventricular region

2.  VASCULAR LESIONS
a) Intracerebral haemorrhage.
This may be:

· traumatic

· spontaneous:     
                          hypertension in elderly                        
                          rupture of angioma

                          rupture of berry aneurysm

                          acute leukaemia, anticoagulants

                          metastases – some may be haemorrhagic – rare

Haemorrhage is well shown on computed tomography. Intracerebral haemorrhage shows as an area of high attenuation i.e. increased whiteness, and shows clearly with a sharp demarcation from the surrounding brain. Blood may rupture into the ventricular system. Haemorrhage is not well seen on magnetic resonance imaging especially if small and computed tomography is the imaging method of choice.

b) Subarachnoid haemorrhage (SAH)

Computed tomography is the imaging method of choice. This is positive in over 80% of cases. Magnetic resonance imaging is not reliable and will not show small amounts of blood. A negative CT scan does not exclude a subarachnoid haemorrhage as very small leaks may not show. If strongly suspected a lumbar puncture should be performed if the scan is negative. 

Signs on computed tomography:

· High density (blood) filling in the basal cisterns and subarachnoid space. Appears white. May be very obvious or subtle signs when the bleed is small. The blood is usually larger in amount near the site of the aneurysm and this may indicate which vessel the aneurysm is arising from. Most aneurysms arise from the circle of Willis.

· Blood may be present within the ventricles

· There may be associated intracerebral haemorrhage

· Hydrocephalus occurs in 50% of cases within 24 hours due to obstruction of flow of cerebrospinal fluid by blood

· Rarely an aneurysm or angioma may be demonstrated

· Infarction may rarely occur due to arterial spasm 
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c) Trauma

Computed tomography is the imaging method of choice for demonstrating intracranial complications secondary to trauma.

Indications for computed tomography following head injury:

1. Skull fracture 

2. Disorientation or depressed consciousness

3. Confusion lasting longer than 6-8hrs

4. Signs of fracture of base of skull – cerebrospinal fluid/blood from nose or ear.

5. Focal neurological signs

6. Seizures

7. Suspected penetrating injury

8. Uncertain diagnosis

In children, if there is a history of loss of consciousness, neurological signs or symptoms or an inadequate history, imaging is indicated.

 Findings:

Intracerebral haematoma. In the acute stage this appears as a white area due to increased attenuation. There are often multiple small haemorrhages. Later the lesion becomes darker and at 2 weeks will appear darker than the surrounding brain.
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Extradural (Epidural ) haematoma:  this shows as a peripheral biconvex shaped lesion of high attenuation in the acute phase. The inner margin is convex .
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Subdural haematoma – this shows as a peripheral high attenuation lesion (white) in the acute phase. It is concavo-convex in appearances with a concave inner margin. It spreads over the surface of the hemisphere.  Chronic subdurals are dark in appearance and resemble cerebro-spinal fluid. Subdural haemorrhages of 2-3 weeks duration are isodense and difficult to distinguish. Both extradurals and subdurals cause mass effect with midline shift and both may be associated with underlying brain contusion or oedema

Contusion – this causes areas of mixed attenuation due to oedema and haemorrhage. There is often mass effect with compression of the ventricle or midline shift. There may be a contra-coup injury i.e. abnormality on the opposite side of the brain than the trauma.

Skull fracture may be identified by “windowing” which is examining the images at different attenuation levels.

Pneumocephalus (air in the cranial cavity) may be present. Air shows as black on computed tomography and collects anteriorly in the supine position.  

Fluid level  may be seen in a sinus if there is a fracture communicating with the cranial cavity.

Foreign body may be seen if it is a penetrating injury e.g.gunshot 

Scalp swelling will direct you to the site of injury
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Skull trauma is often associated with injury to the cervical spine. Magnetic resonance imaging does not show acute haemorrhage and is not used for acute trauma.

Diffuse Brain Damage:

May lead to prolonged unconsciousness after head injury. There are several forms:

· multiple petechial haemorrhages – usually only seen at post-mortem examination. It is rapidly fatal

· diffuse axonal injury – secondary to a shearing injury. There is usually little change on computed tomography. It leads to brain death

· brain swelling – recoverable.  On computed tomography the ventricles are compressed and appear slit like. The basal cisterns are occluded and the sulci compressed and obliterated.

-       hypoxic brain damage – may lead to areas of infarction i.e. low density areas on computed tomography.

d) Cerebral infarction
Infarction of the brain is caused by interruption of the blood supply or oxygen to part of the brain. It commonly presents as a stroke and may be caused by: 

· Thrombosis

· Embolus

· Hypoxia

A transient ischaemic attack (TIA) presents as a focal neurological deficit persisting only for a short time, usually 24 hours or less. With a stroke the deficit persists. A lacunar infarct is a very small area of infarction, a result of occlusion of a small intracerebral artery.

On computed tomography a brain infarct shows as an area of decreased attenuation (i.e. darker than the surrounding brain) within the territory of a major artery, usually the middle or posterior cerebral artery. Another common site is in the basal ganglia and internal capsule. Infarcts usually only become visible after 24 hours on computed tomography and if the scan is done too early it will appear normal. The changes may be very subtle with just a little alteration in attenuation gradually becoming more obvious with time. There is loss of the grey-white matter differentiation initially, followed by the appearance of a darker area corresponding to the territory of the occluded vessel. An infarct is often accompanied by oedema, which may be marked if the infarct is massive, with midline shift, mimicking a tumour on CT. With time the infarct changes in density. At around 3 weeks it is isodense with the surrounding brain and difficult to recognise. A scan done at this time may be normal. Later it becomes darker and may remain visible for many years as an area of low attenuation becoming darker with time. Old infarcts may have a cystic appearance. With time there is also shrinkage of the affected part resulting in dilatation of the adjacent ventricle and widening of the adjacent sulci. 
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Brain infarcts show well on magnetic resonance imaging appearing bright on T2 images. Magnetic resonance imaging is preferable to computed tomography if available.

Transient ischaemic attacks (TIAs) are the result of small emboli reaching the blood vessels in the brain. These often arise on atheromatous plaques at the origin of the internal carotid artery, or they may be due to a thrombus in the L atrium or ventricle. Computed tomography is negative as the lesions are too small to be demonstrated. Carotid doppler ultrasound may be helpful in these patients by showing arterial narrowing and plaque formation. Magnetic resonance is also more sensitive for detecting very small areas of brain infarction.

3. INFECTION:

a) Abscess. These may occur within the brain itself or outside the brain substance in the subdural space. The infection may be:

· pyogenic

· tuberculous

· fungal

· parasitic

A pyogenic abscess is the commonest and often occurs secondary to chronic sinus or middle ear infection. It can occur anywhere in the brain or subdural space especially in the frontal or temporal lobes.

Computed tomography shows an area of low attenuation showing ring enhancement after contrast. There is also mass effect. A subdural abscess (subdural empyema) shows as an area of decreased attenuation adjacent to the skull vault or falx. There is marked enhancement of the margins after contrast.
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Tuberculomas are usually multiple, show decreased density and ring enhancement but with little oedema and no mass effect.

Parasitic infection is usually Toxoplasmosis .  There are two forms of the disease. The congenital form is not associated with abscess formation but causes extensive brain damage and bilateral choroidoretinits. It is commoner in Europe where it is usually transmitted from cats. Computed tomography shows gross ventricular dilatation and extensive calcification in the basal ganglia of the subcortical region. The adult infection is usually associated with AIDS and presents as small brain abscesses. On computed tomography these show as multiple small ring enhancing lesions with surrounding oedema and mass effect.
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b) Pyogenic meningitis.  This usually shows no change on computed tomography and imaging is not indicated in the uncomplicated case. If the infection is severe thrombosis of a major vessel may occur resulting in ischaemia which shows as an area of decreased attenuation. Occasionally a subdural empyema will develop. In a very severe case, pus may obliterate the basal cisterns, this looks like blood on computed tomography appearing white. Hydrocephalus is a common sequel.  

c)   Tuberculous meningitis. This causes obliteration of the basal cisterns with marked enhancement following CM. Hydrocephalus is common.

d) Viral infections usually cause no change on computed tomography except for herpes simplex virus which may cause low density areas in the temporal lobes, which are often bilateral.

5. HYDROCEPHALUS:  dilatation of the ventricular system.

This may be focal, secondary to previous infarction or trauma, or generalised.

Generalised hydrocephalus may be obstructive (high pressure) or non obstructive (low pressure) due to brain atrophy.

Non – obstructive hydrocephalus

Brain atrophy has many causes but is often idiopathic and forms part of the normal ageing process. The ventricles of a 50 year old person are considerably larger than those of a child. Loss of cortex leads to secondary dilatation of the ventricles and there is no obstructive element. It may be seen in:

· Previous trauma  - boxers are an example of this. 

· Multiple brain infarcts resulting in shrinkage of the brain

· Alzheimers disease and other degenerative brain diseases

· Congenital degenerative brain disorders

· Alcohol and drug abuse.

On computed tomography there is enlargement of the ventricles, basal cisterns, cerebral and cerebellar sulci which show dark. In Alzheimer’ disease although a diffuse process the temporal lobes are often most severely affected with relative sparing of the cerebellum. It is often not possible to diagnose the cause from the CT appearances alone.

Obstructive hydrocephalus

 This may be secondary to obstruction proximal to the outlets of the 4th ventricle (non-communicating) or due to obstruction of CSF flow in the subarachnoid space (communicating). Causes include:

· Congenital – often associated with spina bifida and meningocele or the Arnold Chiari malformation.

· Meningitis – pus blocks the ventricular system or exit foramina or interferes with CSF flow over the surface of the brain

· Intraventricular mass or pressure from an outside tumour mass 

· Subarachnoid haemorrhage – blood blocks the ventricular system

On computed tomography there is ventricular dilatation above the level of obstruction. The sulci remain normal or become compressed as the intracranial pressure increases. This differentiates it from non obstructive hydrocephalus.
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The brain in Infants

Infants have natural defects in the skull called fontanelles through which the brain may be imaged by ultrasound. This in many cases may obviate the necessity for a CT scan. Bone will not transmit sound waves and cannot be used to image the brain in detail once the fontanelles have closed. There is a thin area of bone in the temporal bone through which ultrasound may be used to measure the velocity in the middle cerebral artery. This is being used in children with sickle cell disease to detect the ones most at risk of developing a stroke.

Ultrasound is the first choice of imaging in babies.  In neonates ventricular and subependymal haemorrhages are easy to detect with ultrasound. These lead to ventricular dilatation, which is easy to detect. Hydrocephalus can be diagnosed and its progression monitored comparing the ventricular width on follow up scans.
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ANGIOGRAPHY:
Brain angiography is still performed in specialised units where there is a neurosurgeon available. The main use of cerebral angiography is to localise an aneurysm prior to surgery, or to show the feeding vessels in an AV malformation. This is nowadays performed via the femoral artery with selective catheterisation of the ICA or VA.

It may also be used in the assessment of ICA stenosis when ultrasound is doubtful. An arch aortogram may be performed if stenosis at the origin of one of the vessels arising from the arch is suspected. 
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MRA – magnetic resonance angiography is now taking over from conventional angiography.  It is used to detect berry aneurysms and to confirm the ultrasound findings in the carotid vessels prior to surgery.

CT ANGIOGRAPHY – is now possible with the advent of spiral CT. Reconstructed images can be obtained in the sagittal plane and a picture very similar to an angiogram produced.

B) PARANASAL SINUSES

Although the frontal sinuses are seen well on skull X-rays the maxillary antra cannot be assessed accurately without special views to show them more clearly. 

Sinuses:

These are not fully developed in childhood and plain films are seldom helpful below the age of 3 years. The frontal sinuses may not develop at all or be rudimentary.

The standard projection is an  occipito-mental view (OM) or Waters view This is adequate in many cases but a second view may be needed to show the frontal sinuses. This is the occipito-frontal or OF view. Usually the OM view is taken with the patients mouth open. This projects the sphenoid sinus through the open mouth however disease of this sinus alone is unusual.

A lateral view used to be a standard projection but seldom adds any useful information and is not taken routinely. It is needed to assess the posterior wall of the maxillary antrum

Indications for plain films:

· Suspected tumour
· Mucocele
· Trauma
· Sinusitis – this is a clinical diagnosis and plain films are generally not necessary unless surgery is planned. In which case computed tomography is preferred to map out the anatomy of the drainage ostia.
.

The commonest abnormalities seen on plain films are:

· mucosal thickening -  due to infection or allergy

· opaque antrum -  infection, tumour, blood secondary to fracture, overlying soft tissue swelling; 

· polyp -  allergy

· fluid level -  acute infection
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C) ORBITS
Plain films are useful for assessment of radio-opaque foreign bodies and for showing bony destruction due to tumour but the examination of choice for orbital lesions is computed tomography.

Ultrasound can be used for intra orbital lesions such as foreign bodies and tumour masses. Intra-ocular lesions can also be assessed such as detached retina. Expertise and a small high frequency probe are essential.

Plain films occasionally show an abnormality:

· bare orbit- metastases from neuroblastoma, or neurofibroma may destroy the sphenoid wing   

· enlargement of the orbit -  tumour

· enlarged optic foramen -  optic nerve glioma, neurofibroma

· local bone defect -  adjacent neoplasm; mucocele
              



   


                                                                                

· hyperostosis -  fibrous dysplasia; Pagets; osteomyelitis; meningioma; osteoma 
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Continued in part 2
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Frontal bone. Frontal sinus small & film too dark to see





Floor of the anterior cranial fossa. Should only see it as a single line if the head is  positioned correctly





Orbit





Sphenoid sinus





Maxillary antra





Hard palate





Teeth
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Mastoids





Dense base of skull
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Coronal suture





Parietal bone








Lambdoid suture








Pituitary fossa
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Anatomy lateral skull
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Anterior clinoid process








Sphenoid sinus








Posterior clinoid s 








Clivus





Lamina dura





Anatomy skull on PA with 10 caudal tilt or standard AP view





Frontal bone








Frontal sinus





Superior orbital margin





Petrous bones
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Inferior orbital margin





Maxillary antrum





Ascending ramus mandible





Nasal cavity








Mandible











Central calcification in the falx. A normal finding





Maxilla





�





Townes projection which is needed to show the occipital  bone clearly.





Lambdoid suture








Occipital bone














Petrous ridge








Foramen magnum
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Normal tapering branching arteries
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Greater wing of sphenoid seen through the orbit





Frontal sinus








Maxillary antrum
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Multiple small densities within the brain due to congenital toxoplasmosis. Acquired toxoplasmosis does not calcify
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Extensive calcification seen in the frontal region in a patient with visual disturbance due to a brain tumour.
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Increased density in the base of skull involving mainly the floor of the anterior cranial fossa but the floor of the pituitary & sphenoid sinus is also involved This was due to fibrous dysplasia. Pagets disease can look similar





Hair-on end appearance in chronic haemolytic anaemia
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Considerable hyperostosis involving the R side of the skull in this 20 year patient with skull asymmetry. There is thickening of the bone also with a rounded bony protruberance. It is involving mainly the base of skull and this was another case of fibrous dysplasia.
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Bone erosion underlying a large mass in the scalp which was a malignant tumour
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A large lytic lesion in the frontal region with several small er ones posteriorly due to metastases.
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Lateral skull film showing multiple lytic lesions with a large one in the occipital region. This was a 60 year old patient with multiple myeloma





PA view of the same patient showing the large defect in the L occipital bone





Areas which may be mistaken for abnormality
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A bony defect in the L  petrous bone on this Townes view. It was due to a cholesteatoma.
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Widening of the sagittal suture in a 7 year child with a brain tumour.
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Normal sella





Sella with early erosion of the lamina dura





The whole of the lamina dura has been eroded





Erosion of lamina dura with erosion of the posterior clinoids





J-shaped sella
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Normal pituitary fossa





Pituitary fossa showing complete loss of the white lamina dura & erosion of the posterior clinoids.  The patient had raised intracranial pressure due to a tumour in the R frontal lobe





Pituitary fossa showing loss of the lamina dura and erosion of the posterior clinoids which are not visible. Only the anterior clinoids can be seen clearly. This was a patient with a brain tumour & raised intracranial pressure.
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Appearances with a pituitary tumour. Enlargement of the fossa which may be asymmetrical. Also some erosion of the posterior clinoids





�





�





�





�





This is the appearances of the pituitary fossa in a 62 year old female patient presenting with blindness. The pituitary fossa is of abnormal shape, similar to the J-shaped sella and this patient had a tumour of the optic chiasma.
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Increased convolutional markings in a 12 year old boy who had a tumour in the posterior fossa compressing the 4th ventricle causing raised intracranial pressure.
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Linear skull fracture showing as a black line in the tempero-parietal region.





This is not an abnormality but is one of the areas which may appear dark on X-ray & should not be mistaken for a skull defect.





A small child with an extensive skull fracture. There is a linear dark component in the parietal bone but depression over the vertex shows as a density (arrow).





Sphenoid sinus





Absent lamina dura





Calcification of petro-clinoid ligament





Bridging





Linear fracture through the R occipital bone seen on this Townes view. This was not visible on the other views.
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A lateral skull X-ray taken decubitus with horizontal ray. There is a fluid level just below the frontal bone due to air + cerebro-spinal fluid. There are dark streaks of air in the basal cisterns & the cerebral sulci. This patient had a fracture through the frontal bone involving the frontal sinus with leakage of air into the cranial cavity. There is a danger of meningitis in these patients.





There is air in the L orbit shown by the dark appearance below the supra-orbital margin. There was a fracture through the medial wall of the L orbit involving the ethmoid air cells. Note the loss of definition of the medial orbital wall on this side compared to the R side.
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Computed tomogram of the brain (axial scan). The bone is white & CSF black.





Magnetic resonance axial brain scan T1. The CSF appears black. The white & grey matter can be differentiated by differing shades of grey.





Coronal magnetic resonance scan. T1. The posterior horns of the lateral ventricles are shown together with the 4th ventricle & cerebellum.





Sagittal magnetic resonance scan T2. The CSF appears white and the bone dark. This section  passes through one cerebral hemisphere and cerebellum
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CT scan showing a large dark mass in the L frontal region. This was taken after contrast which shows a little enhancement only (arrow). There is compression of the anterior horn of the lateral ventricle on the L side which is not visible. This was a large glioma.
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CT in a patient with a known carcinoma of the bronchus. This was taken after intravenous contrast. It shows a ring enhancing lesion in the L posterior parietal region. It is surrounded by a dark area which is cerebral oedema. There is characteristically considerable oedema in relation to cerebral metastases.





�





Magnetic resonance axial scan showing a small L frontal meningioma. T1 sequence.
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Medulloblastoma in a 12 year old child showing marked enhancement after contrast (white arrow). It is midline & compressing the 4th ventricle. The temporal horns of the lateral ventricles are dilated (black arrow)
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CT scan in the region of the basal cisterns showing the CSF to be white rather than dark (white arrow). This is because the cisterns are filled with blood which appears as an area of  high attenuation. The bilateral dark lesions(black arrows) in the temporal lobes are dilated temporal horns of the lateral ventricles due to development of hydrocephalus already.





White areas in both lateral ventricles due to intraventricular haemorrhage. This is most likely due to a ruptured berry aneurysm with subarachnoid haemorrhage.
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Computed tomography following head injury. There are high attenuation (white ) areas in the R frontal region due to intracerebral haemorrhage (white arrow). This was a contre coup injury. There is also a narrow area of high attenuation on the R side beneath the skull due to a small subdural haematoma (dark arrow).
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Large  lesion in the R occipital region with a convex inner margin due to an extradural haematoma. This is a typical appearance and is a surgical emergency.
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There is a high density lesion beneath the inner table of the skull vault in the R parietal region which has a concave inner margin. This is a subdural haematoma. There is midline shift to the R and obliteration of the  lateral ventricle on the R side.





�





�





CT scan. There is intracranial air showing as  multiple small black lesions. There is also an intracerebral haemorrhage on the L side  posteriorly with soft tissue swelling.





The same patients’ CT scan imaged on a bony window showing a depressed fracture in the region of the L sided haemorrhage.
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CT scan of the top of the brain near the vertex showing 2 ring enhancing lesions on the R. These were small brain abscesses due to Streptococcus  milleri. There is oedema shown by the dark area outside the ring enhancing lesions (arrow) with obliteration of the sulci on this side.





This was a young 24 year old patient who presented with cerebral symptoms. A CT scan showed multiple small ring enhancing lesions in the brain. These cuts show 2 of the lesions which are typical for Toxoplasmosis. There is mass effect with displacement of adjacent structures. Blood tests taken after the results of the scan confirmed HIV infection.
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CT scan showing considerable dilatation of the ventricles. The sulci are not widened indicating that this has an obstructive cause. The patient had previous meningitis developing hydrocephalus as a complication. The bright dots are calcifications and are not abnormal The anterior one lies in the falx. The 2 lying in the ventricles are calcification in the choroid plexus.
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Coronal ultrasound brain scan of a 10 month old baby following meningitis. The ventricles are considerably dilated due to secondary hydrocephalus











Lateral ventricles








3rd ventricle








Temporal horns of lateral ventricle





4th ventricle
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This view of the sinuses is a little undertilted as the petrous  ridges are projected over the lower border of the maxillary antra obscuring pathology there.





         Frontal sinus








Greater wing of sphenoid seen through the orbit








             Nasal cavity








           Petrous ridge



































Ethmoids











Maxillary antrum





CT scan showing dilatation of the ventricles but also widening of the sulci. This appearance is caused by brain atrophy





CT scan showing a large dark area in the territory of the R middle cerebral artery. This was due to a cerebral infarct.
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A tilted view of the maxillary antra showing fluid levels. This was due to acute infection. The fluid was pus. The presence of a fluid level within a sinus indicates acute sinusitis.





None of the sinuses are aerated and are difficult to define. There is just a little air visible in the L maxillary antrum with a short fluid level. All the sinuses are filled with pus in acute pan sinusitis. Pan sinusitis is a not uncommon presentation in AIDS
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There is a rounded low density opacity in the inferior aspect of the L maxillary antrum. This is a polyp. These commonly are found in this position but may occur anywhere in the sinuses.. They are common in allergic rhinitis.
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Normal for comparison





This OM view shows a completely opaque L maxillary antrum. In addition however the superior bony margin (floor of the orbit) is not visible. The close up view on the R shows that it is destroyed by an irregular lytic lesion with a soft tissue bulge. This was a carcinoma of the antrum. When there is a solitary opaque antrum always may sure that the bones are intact.





Destructive lesion floor of orbit
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Occipito-frontal view of the orbits and frontal sinuses shows a well defined lobulated dense mass in the region of the L frontal sinus and upper orbit. This was due to an ivory osteoma. The frontal sinuses are a common site for this benign tumour which may present with proptosis





This patient presented with proptosis. There is a large soft tissue mass overlying the upper orbit. The upper orbital margin is not visible and appears to have been eroded. The L frontal sinus is opaque and the soft tissue mass appears to arise from it. The L maxillary antrum is opaque with a small fluid level and the R maxillary antrum shows mucosal thickening. This is a patient with pan sinusitis and a mucocele of the L frontal sinus which is invading the L orbit.
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This is a R carotid angiogram outlining the anterior and middle cerebral arteries. There is displacement of the anterior cerebral artery across the midline to the L due to a tumour in the R frontal lobe. This would now be demonstrated by CT scanning rather than angiography.





Lateral film of carotid angiogram.





Soft tissue mass arising from L frontal sinus (mucocele)





L maxillary antrum.








Short fluid level in L antrum





Mucosal thickening in the R maxillary antrum
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