
ABC ofMajor Trauma

RADIOLOGICAL ASSESSMENT-I
N M Perry, M D Lewars

The mainstay of radiological investigation of trauma in the resuscitation
room is the plain radiograph, which is available in all accident and

r ~ i emergency departments. Many immediate management decisions can be
made with the aid of such radiographs, which show possible causes of
cardiorespiratory compromise and detail any major bone or soft tissue
injury. The development of pneumothorax, haemothorax, or early signs of
aortic rupture may be clearly shown. Radiological investigation should not
interfere with the mechanics of resuscitation or be allowed to delay
appropriate surgery.

The experienced radiographer is an invaluable member ofthe emergency
team. He or she can advise on the effects that positioning and resuscitation
procedures may have on the images produced and give guidance as to
possible delays caused by various radiographic techniques.

Unnecessary exposure of the patient and, particularly, of members of
staff to damaging ionising radiation must be avoided. Every radiograph
should have a purpose. The quality of each image will depend on the time
and effort taken to produce it. Full radiological evaluation may be deferred
in patients with peripheral injuries that are not life threatening, particularly
if there are other patients with trauma to be assessed.

Two important-considerations in cases of major trauma are whether
recognised focal injury has had hidden consequences and whether there is
clinically occult damage that has been signalled early by radiography. For
example, a rib or sternal fracture may be clinically quite apparent, but there
may be an underlying haemopericardium; likewise a pneumothorax or
pneumomediastinum may become apparent only on radiography.

Left sided pneumothorax. The separated
white line at the upper left heart border
indicates pneumomediastinum.

Radiological survey
Normal lateral Patients with major trauma should have immediate lateral cervical spine,
cervivc9alspine an chest, and pelvic radiographs taken, usually at the end of the primaryradiograph of an
adolescent survey or during the secondary survey. The images should be assessed as
showing smooth soon as they are processed and serve as a baseline for future comparison.
alignment and
normal

srevertebral soft Every patient should be assumed to have an unstable cervical fracture
tissue shadows. until radiological and clinical proof of normality is available. The lateral

cervical spine radiograph may be supplemented by anterior, oblique, and
odontoid peg views if there is any specific history or clinical sign of cervical
injury or if there is any abnormality in the lateral radiograph.

The patient is usually supine and immobilised by a variety of intravenous
lines and airway tubes and by a stabilising cervical collar. These factors
modify the quality of the radiographs. Some areas of the film may be

4_i overexposed (dark), necessitating the use of a bright light. Major trauma
may affect different organ systems and parts of the body simultaneously.
Once an abnormality has been identified and evaluated as far as possible
attention should be turned to the possibility of an additional serious injury.
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Many accident victims have had previous trauma or disease -for
example, degenerative change in the cervical spine -which will be apparent
in the radiograph. Age related osteopenia predisposes patients to fractures,
especially vertebral wedge compression fractures. The age of fractures may
be estimated from their density, cortical thickness, and trabecular
continuity. In patients with major trauma it is safest to assume that all
fractures are new. Familiarity with the variety-of normal appearances can
develop only with experience.

Two radiographs taken from different angles are required to assess any
fractured bone: a single view rarely excludes a fracture. The bone contours
should be inspected for irregular steps. Abnormal angulation, particularly
in children, should be regarded as suspicious. With few exceptions (one
being the knee) joint surfaces should be parallel and congruent.

Supplementary "open mouth" odontoid peg
radiograph showing symmetry of the lateral
masses of Cl with regard to the peg and body
of C2. Fractures are usually represented by lucent (dark) lines, which may or

may not cross the entire bone. Occasionally, overlapping fragments may
result in a linear density (white line) rather than lucency. Sometimes the
only sign offracture may be the alteration of the internal trabecular pattern.

Injured joints usually lead to effusions, even without fracture. Effusions
General principles of radiological may be visualised as soft tissue densities in relation to the joint capsule or by
assessment displacement of fat planes. Local haemorrhage from a skeletal fracture is

also visualised as a soft tissue density with displacement or effacement of fat
* Plain films are most useful in the planes.

resuscitation room
* All patients with major trauma should

have the following radiographs taken Soft tissue injuries may be more important than fractures, even when the
-Cervical spine (lateral) two are associated. An atypical or asymmetrical soft tissue density may
-Chest
-Pelvis represent a haematoma or other fluid collection. The presence of gas in the

* Imaging must not interfere with soft tissues, visualised as dark streaks or bubbles in the tissue planes, is a
resuscitation sign ofcompound or penetrating injury involving the bowel, lungs, or neck

* Regard the cervical spine as unstable until structures.
proved normal

* Two views are needed to exclude bone
injury Finally, if there is any doubt or mismatch of clinical and radiological

* Severe injury may be indicated only by appearances ask a radiologist for advice. Recent air, rail, and boating
soft tissue abnormality disasters have shown the advantage of experienced radiologists being* If In doubt seek radiological advice... present in the accident department: they are able to provide early

authoritative interpretations of radiographs, direct the taking of further
films, perform any necessary further investigation, and redistribute
imaging services to accommodate the volume of work.

Cervical spine

Features of the lateral cervical
spine radiograph
* All seven vertebrae must be seen Any multiply injured patient must be considered to have a cervical
* Check alignment of the spinolaminar, injury. Manipulation or unguarded movement of the inadequately

marginal, and interspinous lines immobilised neck can cause cord damage, most commonly in patients with
* Observe the anteroposterior depth of the injuries below C3. A lateral radiograph shows 70%-90% of important

spinal canal cervical injuries. About 10% of patients with cord injuries have normal
* Look for localised or generalised radiographs so clinical judgment may need to override negative

prevertebral soft tissue swelling radiographic findings.
* Check the predental joint space
* Look at the facet joints for

superimposition or subluxation Important cervical injury is associated with neurological damage in 40%-
* Check each individual vertebra for 50% of cases; instability increases this risk by 10%-20%. Vital

integrity of its body, lateral mass, laminae, considerations are whether the radiological view supplied is adequate for
and spinous processes assessment and whether there is evidence of either injury or instability.
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* Ensure disc spaces are regular
* Observe any displaced bone fragments
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Patient having a All seven cervical vertebrae must be visualised in the lateral radiograph.
"swimmer's" view Injuries often occur at C6/7, with C1/2 next in frequency. The "swimmer's"
radiograph taken
to show the view of the cervicothoracic junction is helpful when the lower cervical spine
cervicothoracic has not been fully visualised (see previous article in this series on trauma of
region more the spine and spinal cord-II) but is difficult to interpret and is unsafe if
clearly. cervicothoracic injury is strongly suspected as it requires manipulation of

the patient. Anteroposterior oblique views with tube angulation of 300 will
show the lower cervical spine and also the facet joints and foraminae. The
patient need not be moved for these views.

Alignment ofthe lateral cervical spine radiograph
For each "line" work from TI to the foramen magnum. Lines should be

smooth with no angulation.

Spinous processes should be roughly equidistant and converge to a point
its in the behind the patient's neck. They should not diverge or "fan."

adult)
(child)
(hmm The spinolaminar line connects the white lines where laminae of each
issue: vertebra meet to form the spinous processes. C2 is frequently posterior to

this line by up to 3 mm in normal subjects.
(or depth of
body)

ldicates Anterior and posterior marginal lines connect the surfaces of adjacent
:etal vertical bodies and represent the sites of the longitudinal ligaments.
ation;
idicates
tal dislocation
indicates Prevertebral soft tissues-Above the level of the laryngeal inlet the

prevertebral soft tissue should have a thickness of -7 mm. There should be
no localised swelling. Below the larynx the tracheal air shadow should not
be separated from the anterior marginal line by more than the equivalent of

e cervical the anteroposterior diameter of a vertebral body: an upper limit of 22 mm is
often quoted. Again there should be no localised swelling. Tracheal
deviation in the anteroposterior view may be important providing there is
no goitre present. Presphenoidal adenoidal enlargement in children and
young adults may simulate a mass anterior to C 1/2. Neck flexion and crying

n >25% may also increase the depth of the prevertebral soft tissues substantially.
rae >10°
with fracture Vertebral canal-The anteroposterior diameter of the vertebral canal,

measured between the spinolaminar and posterior marginal lines, is of
prime importance at the site of cervical expansion of the cord-between C3
and C6. If it is < 13 mm, particularly in the presence ofbone injury, the cord

al injury is at risk or already damaged. Note any pre-existing degenerative cervical
spine changes with osteophytes in elderly patients; cord damage can occur

in fracture (if in these patients without noticeable narrowing. Likewise, spinal stenosis
may be a longstanding feature due to posterior osteophytes.

Other observations
The space between the anterior cortex of the odontoid peg and the

ire posterior cortex of the anterior arch of the atlas (the predental space) should
be -3 mm in an adult (-5 mm in a child). Greater distances imply
atlantoaxial instability.

injury Disc spaces should be roughly equal in height unless there are associated
>inJury degenerative changes. The height of any disc space should be even

sis of C2 throughout. Angulation of> 100 between apposed vertebral body end plates
implies instability of traumatic origin.

Vertebral bodies should be inspected for evidence of fracture. The height
of each vertebral body should be similar anteriorly and posteriorly. A

islocation difference in height of >2 mm between the front and back is important and
may indicate a crush fracture. Fractures of the spinous processes are usually
shown in the lateral view; fractures of the posterior arch, however, may be
apparent only in oblique projections.
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Important measuremen
cervical spine

* Predental space-<3 mm (z
- 5 mm (

* Depth of spinal canal->13
* Depth of prevertebral soft ti

Above larynx--7 mm
Below larynx-s-22 mm

vertebral
* Overriding of vertebral bod

Without fracture-25% ir
unifac
disloc;
50% ir
biface

With fracture->3-5 mm
instability

Signs of instability of th4
spine

* Complete facet override
* Facetal joint widening
* Interspinous "fanning"
* Vertebral body compressior
* Angulation between vertebi
* Vertebral override >3 5 mm

Classification of cervici

Stable injuries
* Hyperflexion-compressic
<25%)

* Spinous process fracture
* Unifacetal dislocation
* Pure Cl arch fracture
* Pillar fracture
* Lower cervical burst fractu

Unstable injuries
* Hyperflexion "teardrop" ir
* Hyperextension "teardrop
* Traumatic spondylolisthes

(hangman's fracture)
* Bilateral facet dislocation
* C2 posterior arch fracture
* Hyperextension fracture d
* Jefferson fracture of Cl
* Basal peg fracture
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A forward slip of one vertebral body on its neighbour may indicate
dislocation. Shift ofup to 25% of the anteroposterior diameter of the
body is seen with subluxation and with unilateral facet dislocation.
Displacement of>50% is a sign ofprobable bilateral facet joint dislocation.
A forward slip of one vertebral body on its neighbour of >3 5 mm in the
presence of a fracture indicates an unstable fracture dislocation.

Forward slip of C4 on C5 of >50%. No
fracture is present and the facets are
overriding, indicating a bilateral facet
dislocation.

Forward slip of C4 on C5 of <25%. No
fracture is visible. The disc space is
slightly narrowed.

Supplementary oblique
projection shows malalignment
of the facet joints, indicating a
unilateral facet dislocation.

Unstable fracture subluxation.
C4 has slipped forward on C5,
the disc space is narrowed, and
there is a fracture of the
posterior elements and a
fracture of the spinous process
of C6.

Hyperextension "teardrop" fracture of
C3 showing avulsed anteroinferior
fragment from the body of C3 and
some localised prevertebral soft tissue
swelling. This injury was unstable.

The two major mechanisms of cervical spine
injury are hyperflexion and hyperextension.
Hyperflexion is the commoner, causing 50%-80%
of cervical spine injuries. There is a tendency for
the posterior elements to be disrupted.
Hyperextension injuries conversely tend to
disrupt the anterior supports. "Teardrop"
avulsion or compression fragments ofthe anterior
aspect of a vertebral body may be the only
residual features of major disruption and ensuing
instability.

Compression fractures are generally stable. The
Jefferson burst fracture of Cl, however, is
unstable, and the lateral radiograph may well
show only soft tissue swelling. An open mouth
view is essential to judge the integrity of C1 and
the symmetry of its position either side of the
odontoid peg (see previous article on trauma of
the spine and spinal cord). C2 fractures may be
associated. Neurological damage is rare as the
canal is wide at this level. Conversely,
neurological damage caused by stable lower
cervical compression fractures is fairly common
due to posterior displacement of fragments into a
relatively narrow canal. A wedge fracture in an
elderly patient with osteopenia should be
differentiated if possible as it is unlikely to be
important.
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*

....

"Hangman's" traumatic
spondylolisthesis of C2. C2 is subluxed
forward on C3 and the posterior
elements are clearly separated. The
posterior arch of Cl is also fractured.

Pure Cl arch fracture. There is
an undisplaced fracture line
passing vertically through the
posterior arch of Cl. This injury
was stable.

Fractures of the odontoid peg are commonest
at its base. They are unstable, though
neurological damage is uncommon. There is
variable displacement, and soft tissue swelling is
often seen only in the lateral radiograph. This
must be excluded before intubation is attempted.

Dr N M Perry, FRCS, FRCR, is consultant radiologist, St
Bartholomew's Hospital, London. Dr M D Lewars, FRCS,
FRCR, is consultant radiologist, Southend General Hospital.

The ABC of Major Trauma has been edited by Mr David
Skinner, FRCS; Mr Peter Driscoll, FRCS; and Mr Richard
Earlam, FRCS.

The BMA in Edinburgh

Fiona Godlee

BMJ, London WC1H 9JR
Fiona Godlee, MRCP,
editorial registrar

BrMedJ 1990;301:809-11

In the nineteenth century many graduates of the
medical school at Edinburgh, inspired by the school's
new teaching methods, emigrated and went on to
pioneer medical education in Canada. Some of their
intellectual heirs came back to Edinburgh last month
to join their counterparts at this year's BMA scientific
meeting.
Those emigrants have proved to be, in Dr Dorothy

Ley's words, "long livers." Between 1981 and 2001 the
number ofCanadians over the age of 85 will increase by
130%. In the first session Dr Ley, past chairman of the
Canadian Medical Association's committee on the
delivery of health care to the elderly, countered the
pessimism that usually greets such forecasts and called
for the political and social will to take up the challenge
they represent.
Her own prescription was both practical and philo-

sophical. "It is healthier," she said, "to be rich and old
than poor and old," so people should prepare financially
as well as mentally for living beyond the age of
statutory retirement. Government funding should be
directed towards home and community care, especially
if Canada's small rural settlements were to be ade-
quately served. We should listen to old people, argued
Dr Ley, and allow them to remain in their own
communities if they want, "even at inconvenience to
themselves." This meant giving them the freedom to
live at risk and to take the consequences.

But the elderly also had urgent medical problems,
pointed out by W J McLennan, professor of geriatric
medicine in Edinburgh-urgent because they had
fewer physical reserves. With only enough quadriceps
power to get out of a chair, "a couple of days in bed will
finish them off." He left us pondering on whether
calling old people "chronologically disadvantaged"
instead of old, as the World Health Organisation

suggests, materially changed the way we thought about
them.

From the simple to the heroic
It seems obvious now that diarrhoea in children

should be treated by oral rehydration therapy, but in
1978 this was hailed as "one of the most important
medical advances this century. "With 4 million children
dying as a result of diarrhoea every year, this is perhaps
no exaggeration. DrWAM Cutting, senior lecturer in
child health in Edinburgh, described how William
O'Shaughnessy and Thomas Latta had laid the founda-
tion for this simple remedy. Both were Edinburgh
graduates who researched and treated cholera during
the second pandemic in the early 1830s. In 1831
O'Shaughnessy concluded that the electrolytes lost
from the blood were found in diarrhoeal fluid. Now the
WHO advocates home made solutions of salt and sugar
to be given as soon as diarrhoea starts. "Don't wait,"
runs its slogan, "Rehydrate."

It was impossible not to be struck by the gulf
between this simple remedy that can save millions of
lives and the extremes to which intensive neonatologists
go to preserve a single baby. Dr H R Gamsu of King's
College School of Medicine led us through the maze of
new technology being developed to deal with low and
"incredibly low birth weight" babies. The spectre of
long term handicap continues to haunt the specialty, he
said, but outcome is improving, from 15% with
handicap in 1980 to 9 4% in 1985.

Always feeling tired
In opening the session on the chronic tiredness

syndrome Dr Peter Nixon, consultant cardiologist at
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