
ABC of Emergency Radiology

THE SKULL

D A Nicholson, P A Driscoll, D W Hodgkinson, W St C Forbes

Patients with a skull fracture or other serious
head injury should be admitted to hospital

Many thousands of skull radiographs are requested each year by doctors
treating patients with head injuries. Unfortunately, most are taken when
direct consultation with a radiologist is not possible. This chapter describes
an effective system by which non-radiologists can analyse skull
radiographs. To do this it is important to consider certain anatomical points
so that normal features can be recognised.

Important anatomical considerations

FIG 1-Normal lateral skull radiograph and line diagram showing typical appearances of occipital and coronal sutures. Several vascular
markings are seen, including a stellate venous lake in the parietal bone and normal soft tissue adenoids.

Adults
The shape of the skull varies among races and these variations can be

incorrectly interpreted as abnormalities-for example, natives from the
Causes of intracranial calcification Middle East classically have a short high broad vault with parietal bossing

Normal and flattening of the occiput.
Pineal gland The cranium can be divided into the vault (calvaria) and the skull base.
Choroid plexuses The calvaria is divided into inner and outer tables by the intervening
Dural (commonly faix) diploetic space, and the skull base is divided into anterior, middle, and
Vascular (carotid arteries) posterior fossae. Straight lines can be caused by vascular markings from
Basal ganglia meningeal vascular grooves, venous diploetic channels, and occasionally

Abnormal subcutaneous or periosteal vessels. These lines can be difficult to
Tumours (craniopharyngioma, distinguish from fractures.
meningioma, glioma, etc)

Arteriovenous malformation (15%) The pmeal gland, which lies at the apex of the tentonum, may become
Aneurysms (1%) calcified and up to 1 cm in diameter without any abnormality. Normal
Vault or sinus osteoma calcification can also be identified in various other structures. Hyperostosis

frontalis interna is irregular, corrugated calcification (more common in
women) of the inner table of the frontal bone, which in most patients is an
incidental finding.
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Children
There are several fundamental differences between the skulls of adults

and children. At birth the calvaria is relatively large compared with the face
and base of skull. Ectopic ossification centres are often seen along the
sutures, giving rise to intrasutural (wormian) bones. These anomalous
bones are often multiple and symmetrical and are most commonly found
along the lambdoid and sagittal sutures; although they usually do not
indicate disease, they can be associated with congenital bone abnormalities.

FIG 2-Simple linear parietal fracture in infant. Note the
sheno-occipital synchondrosis.

Brain injury can occur without skull vault
fracture and vice versa

As the skull grows from birth the bones thicken, though not uniformly.
The squamous temporal, frontal, and occipital bones remain at a lower
density and therefore appear relatively translucent (fig 1). The bones are
incompletely mineralised and separated by radiolucent sutures and
fontanelles. The great sutures (sagittal, coronal, lambdoid) persist into
adult life. At birth they can measure up to 1 cm, but by 3 years the suture
width has reduced to 2 mm. The frontal bone is divided in two by the frontal
or metopic suture, which usually fuses by the age of 3 years. Vascular
markings on the inner table are evident from 2 to 3 years onwards.

Radiological investigations should be carried out after completing the
ABCs of trauma resuscitation. This will include stabilisation of a patient's
neck until a cervical injury has been ruled out clinically and radiologically.
There are three standard skull projections. The half axial view is

contraindicated in patients with suspected cervical injury. In addition, it is
not advisable to attempt the complete series on patients who are restless or

uncooperative. Patients with serious head injuries should have computed
tomography rather than skull radiography.

Assessment of lateral skull radiograph

The lateral view (fig 1) is the most important projection.

Important management decisions Check adequacy and alignment

depend on detecting or excluding serious Start by establishing the adequacy of the radiograph, which includes the
fractures. When present fractures can help exposure (film blackening), the centring of the radiograph, and rotation.
determine possible outcome The anterior clinoid processes and posterior margins of the mandible

should be superimposed. Non-diagnostic radiographs should be repeated
provided that the patient's condition permits.
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Criteria for skull radiography after
recent head injury
* Loss of consciousness or amnesia at any

time
* Neurological symptoms and signs
* Leak of bloody cerebrospinal fluid from

nose or ear
* Suspected penetrating injury or foreign

body
* Tense fontanelle, scalp bruising, or

laceration (to bone or > 5 cm long), falls
from height (> 60 cm or on to hard surface
in under 5 years olds)

* People who live alone or in a domestic
situation that precludes proper
surveillance

* Presence of other trauma that might imply
a strong force of impact

* Presence of other conditions-for
example, stroke, epileptic seizure, mental
handicap-that might preclude proper
examination

* People with alcoholic intoxication

Types of view

Standard radiographic projections
Lateral-right or left according to side of

injury
Anteroposterior
Half-axial (Towne's)

A
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Normal size of pituitary fossa

Height 6.5-11 mm
Length 9-16mm
Breadth 9-19 mm

FIG 3-Lomplicatea aepressea vault fracture, witn
linear component extending into the parietal bone.
Soft tissue abnormality from dirt is seen behind the
fracture.

Bone margins and density
Check the sellae-From the tuberculum sella trace the cortical margin of

the pituitary fossa posteriorly to the dorsum sella. Check the radiograph for
rotation if a double floor is seen. Looking at the sella (sphenoid fossa) can
help distinguish between head injury and other causes of impaired
consciousness such as longstanding raised intracranial pressure or pressure
erosion or truncation from a midline brain tumour. The floor (lamina dura)
should have a single margin that can be traced to the dorsum sella (fig 1).
The commonest cause of erosion is raised intracranial pressure (which
needs to be present for at least four weeks), but in elderly patients you
should consider osteoporosis causing a blurred cortex. There is a wide
variation in both normal and pathological entities, but nevertheless the
shape of the sella should also be noted.

Check the calvaria and skull base forfractures-Continue from the dorsum
sella to the occipital bone, which can be difficult to see because of the
density of the overlying petrous bone. Over the vault look for defects of the
inner and outer tables. Next assess the anterior fossa floor followed by the
en-face portions of the frontal, parietal, and occipital bones.

Skull fractures can be of three types: linear, depressed, and stellate.
Linear fractures are the most common and are usually uncomplicated.
Depressed fractures can indicate that the brain substance is in direct
communication with the outside-that is, an open injury. An area of double
density, representing the overlapping bone, will be found opposite a
translucent area (fig 3). Tangential views are useful to assess the degree of
depression, but computed tomography is now routinely performed when
this is suspected. If the bone fragment is depressed more than 05 cm
surgery is needed to raise it. Stellate lesions are generally easier to detect,
with the central point usually being the site of a sharp impact. Tangential
views should be taken as some depression can coexist.

Cartilage and joints
Check the sutures-The upper limit of normal for width of suture depends

on the patient's age. Occasionally fractures occur along the line of a suture,
causing diastasis (fig 4). With raised intracranial pressure widening of
sutures is seen a few days after injury in children, but it is rare in adults.

Foramen -

magnum

Neck of S
mandible

. .. * i : \ I I 'l ,I I

FIG 4-Towne's projection showing diastasis of right lambdoid suture with an associated short linear fracture of parietal bone.
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a _Check the craniocervical region-The upper
cervical spine is commonly overlooked on the
skull radiograph but it may show valuable signs
indicating associated neck injury. In children the
adenoids form a large soft tissue mass in the
postnasal space (fig 1). In adults widening of this
area suggests haemorrhage and associated
cervical spine injury. Malalignment at the
~~~~~~~~~craniocervical junction can be highly important

m in major acute head injury but initially it may be
_ Vi*:;_masked by other changes.| _~~~~~~~~~~~~~~~~~~~~...:. .:... .....I .............~~~~~~~.....~~~~~~~~~~~~~~~~~~~~~~~~~~.... ......X

FIG 5-Softtissue abnormalities. Clotted hair causing Normal distance between Cl and C2
linear artefact posteriorly and multiple square From posteroinferior aspect of Cl to anterior
fragments of glass are seen anteriorly. aspect of the odontoid peg:

Adult <3 mm
Child <5mm

Soft tissues
Finally, examine the soft tissues for foreignF iffl -FW£XX)FDM...........in~~~~~bodies or artefacts with a bright light. Hair

preparations and plaits or beads in the hair can
cause discrepancies in overall density. Opaque
foreign bodies may be penetrating missiles or
bony fragments (fig 5). Two views at right angles
to each other are needed to ascertain their
position (intracranial or superficial). If
penetration is suspected computed tomography

.......... is indicated.

.....

FIG 6-Fracture of the frontal bone affecting the anterior
fossa floor (skull base). Subarachnoid air is seen in the
subarachnoid space, anterior (adjacent to the dorsum
sella) and posterior to the brain stem.

Check for intracranial air-Intracranial air
appears as an area of relative translucency
(blackness). An anterior aerocoele or air trapping
around the brainstem means that the dura has
been penetrated and that there is an open or
compound injury which may require active
management. In severe injuries intraventricular

--X ....air can be identified.

,wR ~ ~ ~~~~~~~~~~~~ ~~~~~~~~~~.-.........................-
... :..:.. ....:

_; _ 0 ~~~~~~~~~~~~~~~~~Checkthe sinuses for air-fluid levels-Look at the

-$ f~~~~~~~~~~~~~~~~~flpuid leovels. Ldafteranltfilmis in aucuetse head einitur aare

_... performed brow up with a horizontal x ray beam
and air-fluid levels therefore appear as straight

~~~~~~~lines (fig 7). Air-fluid levels can be caused by a
basal skull fracture, and this may be the only

FIG 7-Basal skull fracture indicated by sphenoid abnormality seen. Basal skull fractures are by
and maxillary effusions. The fracture line definition "open" and can lead to intracranial
extends into the lateral aspect of frontal bone. infection.
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Assessing other radiographs

_.m.m ,

FIG 8-Normal anteroposterior radiograph and line diagram.

Anteropostenior-The system of interpretation for the anteroposterior
radiograph is similar to that for the lateral view. In addition to all the
features examined in the lateral view look for pineal shift. If the pineal gland
is calcified (60% of adults) shift can be assessed on a plain radiograph.
Displacement greater than 2 mm suggests a space occupying lesion
(haematoma, tumour) or oedema.
Hal axial (Towne's)-This view should only be taken if cervical spine

injury has been excluded (fig 4). Follow the same system as for the lateral
radiograph but also look at the mastoid air cells when examining the bones.

Catches to avoid

Characteristics of fractures,
sutures, and vascular markings The commonest diagnostic difficulty is deciding whether a translucent

Fractures line is a fracture or a normal structure such as a suture or vascular
Straight translucent line marking. The metopic and mendosal (horizontal, accessory occipital suture)Straig translucent line sutures occasionally persist into adult life and may cause confusion.Mnre- radi nh irpnt-fra-twARe affecrt hoth
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tables
Most straight but can change direction
suddenly

Sharply demarcated
Parallel margins-no tapering
May run across grooves or sutures

Sutures
Winding, serpiginous lines
Fine sclerotic or corticated margins, not

sharply translucent
Typical anatomical site
Symmetrical

Vascular markings
Less translucent-affect inner table only
Not sharply demarcated
Meningeal grooves taper as they run

peripherally
Branching pattern and symmetry
Diploetic venous channels are wide

Causes of increased skull vault density
Generalised Multifocal Localised
Renal osteodystrophy Sclerotic metastases Foreign body
Fibrous dysplasia Paget's disease Hyperostosis frontalis interna
Fluorosis Osteoma
Acromegaly Meningioma
Drugs-for example, Hair bunch
phenytoin

Haemolytic anaemias
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Causes of skull radiolucencies

Normal
Squamous temporal bone
Pacchionian granulations
Surgery

Air
Superficial-after scalp injury
Intracranial-seen in open fractures

Outer skull table
Rodent ulcer

Inner skull table
Slow growing tumours
Chronic subdural haematoma

Diffuse lesions
Metastases
Multiple myeloma
Paget's disease
Hyperparathyroidism

Academic Departmnent of
Surgery,
Royal Marsden Hospital,
London SW3 6JJ
Ismail Jatoi, clinicalfellow
Michael Baum, professor of
surgery

Correspondence to:
Professor Baum.
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Areas of reduced density are more common than sclerotic areas. There is
a wide variation in the normal ossification of the calvaria, making
differentiation of abnormalities difficult. Clinical history and examination
are important in excluding many of the possible diagnoses.

Summary

Diagnostic quality
Bones

Sella-size, erosion, shape
Cranium and base-fractures

Cartilage andjoints
Sutures
Craniocervical region-C1/C2 fracture or
subluxation, posterior nasal soft tissue

Soft tissues
Artefacts and foreign bodies
Intracranial air-anterior aerocoele, brain
stem intraventricular
Sinus air-fluid levels-sphenoid, frontal,
maxilla

D A Nicholson is consultant radiologist, P A Driscoll is senior lecturer in emergency medicine,
D W Hodgkinson is senior registrar in accident and emergency, and W St C Forbes is
consultant radiologist, Hope Hospital, Salford.
The line drawings were prepared by Mary Harrison, medical illustrator.
The ABC of Emergency Radiology has been edited by David Nicholson and Peter Driscoll

American and European recommendations for screening
mammography in younger women: a cultural divide?

Ismail Jatoi, Michael Baum

The American Cancer Society advocates mammo-
raphy screening for all women from age 40, whereas
in Europe it is not recommended for women below
the age of 50. Randomised prospective studies have
failed to show a significant benefit from screening
women aged under 50 and five potentially harmful
effects of screening should be considered: lead time,
overdiagnosis, radiation exposure, false positive
results, and cost. Younger women must be properly
informed about the potential for harm as well as for
benefit before screening.

Two consensus conferences were held in February
1993 to assess the value of screening mammography for
women below the age of 50. Meeting in Paris, the
European Society of Mastology recommended that
screening mammography be reserved for women above
the age of 50,' while at a workshop in New York the
American Cancer Society reaffirmed its longstanding
policy of screening women starting at age 40. Both
societies reviewed the same data but arrived at dif-
ferent conclusions. How can this be explained? Putting
aside any uncharitable suggestions conceming profit
motives and a return on the capital costs of mammo-
graphic equipment, and assuming that the data are
understood equally well we must conclude that the
responses are fuelled by cultural differences on either
side of the Atlantic.
The American author Lynn Payer writes about these

differences in her book Medicine and Culture: "In the
face of rising death rates from breast cancer Americans
call for more aggressive screening, in spite of the fact
that there is not much evidence that screening women
under the age of 50 will prolong survival."2 Indeed,
American culture seems to dictate that some sort of
medical intervention is better than nothing, and

Americans are reluctant to accept the conclusions of
clinical trials which fail to support a commonsense
view. Europeans are more willing to accept these trials
at face value and in the case of screening mammo-
graphy evidence so far shows no significant benefit for
screening women under the age of 50. But although
evidence of benefit is lacking the greater concem is
whether screening younger women does more harm
than good.

Biases of clinical studies
Various techniques have been used to study the

efficacy of mammographic screening: case-control
studies, retrospective analyses, and prospective series.
Most studies have used length of survival as the end
point for comparison. However, the success of screen-
ing mammography should not be measured by its
ability to extend survival from the point of diagnosis
but by its ability to reduce mortality.
Any trials that examine screening mammography

will have lead time bias, which is the interval between
the diagnosis of cancer on mammography and the time
when the cancer become apparent clinically. Lead time
bias makes comparisons of survival between screened
and unscreened populations meaningless. This is
illustrated by comparing the retrospective study of
Stacey-Clear et al with the Canadian prospective breast
screening trials." Both studies showed a good five year
survival for screen detected cancers among women
under 50, but at the seven year follow up the Canadian
study showed a non significant excess mortality in the
screened population. This could be explained only by
assuming a lead time bias ofup to four years.
These trials often have other types of bias as well.

Screening mammography tends to detect slower grow-
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