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Medical History

Missed injuries of the spinal cord

G RAVICHANDRAN, J R SILVER

Abstract

Damage to the spinal cord had not been recognised in-
itially in 15 patients out of a consecutive series of 353
admitted over a decade to the National Spinal Injuries
Centre with paralysis due to trauma to the cord. In some
patients the missed diagnosis led to mismanagement and
a greater neurological deficit. Missed injuries of the
spinal cord are seen in patients with multiple injuries
and head injuries and in those without any paralysis.
Various radiological errors contribute to the failure to
recognise the vertebral injury. In addition to causing
severe disability to the victim these missed and mis-
managed injuries of the spinal cord cost the National
Health Service large sums in compensation. A careful
evaluation of the history of each accident, with greater
awareness of the potential of certain types of accidents
to cause spinal cord injury, should reduce the incidence
of missed injuries of the spinal cord.

Trauma to the vertebral column injuring the spinal cord and
causing paralysis is one of the worst disasters that can ever befall
an individual. From 13 to 27 per million residents of the United
Kingdom are likely to suffer from serious paralysis each year as a
result of injury of the spinal cord.'-3 If we include cases of
sudden death after accident in which necropsy shows spinal cord
injury the incidence is about 50 per million a year.4 Nearly 40%
of all cases result from motor car or motorcycle accidents.'-8
The morbidity associated with injury of the spinal cord9

can be reduced by prompt recognition of the injury to the cord,

preferably at the site of the accident. Increased awareness of such
injuries by ambulance personnel has led to improved handling
and transport of the victim. A few patients with injury of the
spinal cord, however, remain undiagnosed even after arrival at
accident and emergency departments. Ohry'O reports two cases
of missed fractures from traumatic injury of the spinal cord
from Israel in a series of patients in whom the cause of the para-
lysis remained uncertain for several years. The present study
was undertaken to determine the various causes that contribute
to the failure to recognise injury of the spinal cord and their
consequences in the hope of reducing such instances in the
future.

Materials and methods

Medical records were reviewed of all patients admitted to one of
the acute male wards in the National Spinal Injuries Centre over the
decade ending in March 1981. Relevant radiographs and medicolegal
documents were also studied. Twenty patients were excluded from
this study because their paralysis was not related to trauma. Of 353
patients included for this study, the injury of the spinal cord was not
recognised initially in 15 patients.

Results

Eleven of the 15 patients with missed injuries had injuries to the
cervical spine. The remaining four were paraplegics as a result of
injury to the dorsal spine. Table I shows the extent of the delay in
recognising the injury of the spinal cord in the 15 patients, and how the
correct diagnosis was made in each case. The final outcome is shown in
table II.

In most cases the initial diagnosis was either head injury or neck
injury; the extent of the initial neurological deficit was estimated
from the records of the referring hospitals. In most cases the records
gave limited details ofthe neurological examination. At least lOpatients
(two paraplegics, eight tetraplegics) with missed injuries of the spinal
cord deteriorated neurologically as a result of the initial management.

953

MEDICAL PRACTICE

National Spinal Injuries Centre, Stoke Mandeville Hospital, Ayles-
bury, Bucks HP21 8AL

G RAVICHANDRAN, BSC, FRCSED, senior registrar in spinal injuries
J R SILVER, FRCP, consultant in spinal injuries

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.284.6320.953 on 27 M

arch 1982. D
ow

nloaded from
 

http://www.bmj.com/


954

Table III shows the various causes that contributed to the failure in
recognising the injury of the spinal cord in each case.
The 15 patients reported here were from a consecutive series of

353 patients with acute traumatic injury of the spinal cord admitted
to one male ward under the care of one consultant in spinal injuries.
This gives an overall incidence of 4-3% for missed injuries of the
spinal cord. Failure to recognise the injury ofthe spinal cord was nearly
three times more common among tetraplegic patients than among the
paraplegics. A further study was undertaken to establish the prevalence
of this condition among patients in other wards of this unit. Towards

TABLE I-Extent of delay in recognising injury of the spinal cord

Time lapse before
Case No cord injury diagnosed How correct diagnosis made

1 10 days Subsequent neurological opinion
2 1 day Repeat radiograph
3 1 day Re-examination
4 5 days Subsequent neurosurgical opinion
5 3 weeks Deterioration of neurological state
6 12 hours Deterioration of neurological state
7 2 days Second neurosurgical opinion
8 1 day From overpenetrated radiograph of chest
9 3 days Subsequent neurological examination
10 3 days Second neurosurgical opinion
11 12 hours Subsequent neurological examination and

radiographs
12 3 days Subsequent neurological opinion
13 6 days Deterioration of neurological state
14 1 day Deterioration of neurological state
15 2 days Clinical examination by general practitioner

TABLE II-Final outcome of failure to recognise injury of spinal cord initially

Neurological
Neurological Influence of state

Initial state when initial subsequent to
neurological correct management management

Case state due diagnosis on cord at spinal
No Primary diagnosis to SCI made function injuries centre

1 Cardiac arrest Tetraparesis Tetraplegia Adverse Improved
2 Paraparesis Paraparesis Paraplegia Adverse Improved
3 Respiratory distress Tetraplegia Tetraplegia Unknown Unchanged
4 Head injury Unknown Tetraplegia Adverse Improved
5 Drunk Hemiparesis Tetraparesis Adverse Improved
6 Neck injury Tetraparesis Tetraplegia Adverse Improved
7 Head injury Tetraparesis Tetraplegia Adverse Improved
8 Head injury,

multiple
fractures Unknown Paraplegia Unknown Unchanged

9 Head injury,
multiple
fractures Paraplegia Paraplegia Unknown Unchanged

10 Drunkheadinjury Hemiplegia Tetraplegia Adverse Improved
11 Drunk, drowning Tetraparesis Tetraplegia Unknown Unchanged
12 Haemothorax,

head injury Paraparesis Paraplegia Adverse Unchanged
13 Neck injury C7 root damage Tetraplegia Adverse Improved
14 Pain in neck Retention Tetraparesis Adverse Improved

paresthesia
15 Neck injury ?Tetraplegia Tetraplegia Adverse Unchanged

See text.
SCI = Injury of spinal cord.

TABLE IlI-Causes of missing the injury of the spinal cord

Absent/
Case Radiological* minimal multiple
No causes Head injury paralysis injurses Other causes

1 1, 2, 4, 5 ? - ? -
2 4,5 - - - -
3 1,2,4,5 - - + -
4 4 + - + -
5 1, ?4, ?5 - + - Drunk
6 4,5 - + - -
7 1, 2, 4, 5 + - - In a stolen car chased

by police
8 2 Minor ? + Police chasing motor

cyclist
9 4 + ? + -

10 1, 2, 5, 6 + - - Drunk
11 3 + - - Drunk and drowning
12 1,4,5 + - + -
13 1, 2, 4,5, ?6 - + - Cervical spondylosis
14 1, 2, 4, 5 - + - Smell of alcohol on

breath
15 2, 4 - - - Progressive

demyelination

*Radiological causes: 1=poor quality radiograph, 2 = inadequate radiograph, 3=
failure to x-ray the part, 4 = failure to interpret, 5 = failure to understand the mech-
anism of injury, 6 = injuries difficult to show radiologically.
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TABLE IV-Increase in the incidence of missed injuries of the spinal cord

Year 1971 72 73 74 75 76 77 78 79 80

No of missed
injuries of
the spinal
cord 1 1 1 2 1 0 0 3 2 3

the end of the decade studied, 64 patients (41 men, 23 women) with
acute traumatic injury of the spinal cord were in the three acute wards
of this centre. In five of the 64 patients (four men, one woman;
two paraplegics, three tetraplegics) the injury of the spinal cord was
missed initially. There appears to have been a notable increase in the
incidence of missed injuries of the spinal cord recently (table IV).

Discussion

Cord damage may be missed on clinical examination as a
result of six possible contributory factors-namely: the circum-
stances surrounding the accident; the absence of any serious
neurological deficit initially; head injury; multiple injuries;
radiographic or radiodiagnostic errors; and failure to appreciate
the mechanism of injury.

(1) Ambience. A history of being chased by the police on a
suspected charge of theft (two cases), a strong smell of alcohol on
the breath (four cases), and a previous diagnosis of a progressive
neurological disorder appear to have influenced the medical
officer's judgment of the neurological state of the patient. We
know of at least three instances (including two cases not included
in this series) in which patients with paralysis were sent home.
One of these had a progressive neurological disorder and another
ankylosing spondylitis, and the third was thought to be hysteri-
cal. Two of these were not correctly diagnosed even by the
general practitioners, who made home visits at the insistence of
the relatives.

(2) Minimal or no neurological deficit at the time of first
admission was associated with failure to diagnose injury of the
spinal cord in four patients. They all had injuries to the cervical
spine and became worse as a result of the initial management.
Severe pain in the neck and symptoms of root irritation were the
presenting complaints in each case. At least two of the patients
had priapism, and all of them developed retention of urine.

In the accident and emergency departments every conscious
patient should be examined for paralysis or paradoxical respira-
tion and any symptoms of root irritation should be adequately
assessed. A clinical sign of varying degree of torticollis without
stemomastoid spasm that has followed a neck injury should
always alert the doctor to the possibility of a major apophyseal
joint injury.11 A more detailed neurological assessment, with
appreciation of the mechanism of the injury, could have preven-
ted the major neurological deficits that followed the initial
management in these patients.

(3) Six of the 15 patients had severe head injury on initial
admission and could not give details of the accident (table III).
Two others had transient head injury not directly contributing
to the failure to diagnose injury of the spinal cord. Spinal cord
paralysis due to a spinal cord lesion may be missed in deeply
unconscious patients, but routine radiographs of the entire
spine in all cases of serious head injury with detailed and repeated
neurological assessment could have prevented at least some of the
morbidity suffered by the patients in the group. In two of the
patients, even though paralysis originating from the spinal cord
was suspected on first medical examination, the absence of a
radiologically demonstrable fracture in the spine led to a change
in the diagnosis to head injury. Both these patients became worse
as a result. Radiological signs are only a guide, and their absence
should not mean that clinical signs are ignored.

(4) In addition to injury of the spinal cord multiple skeletal
and soft-tissue injuries were noted in five patients (table III).
These included multiple rib fractures with haemothoraces and

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.284.6320.953 on 27 M

arch 1982. D
ow

nloaded from
 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 284 27 MARCH 1982

pneumothoraces (four cases), major fractures of extremities
(three cases), fractured skull (one case), and profound shock
(five cases). In addition to these injuries one patient developed
acute gastric dilatation and severe haematemesis one week after
the accident.

In these severely ill patients the medical teams made dedica-
ted efforts to resuscitate; and the injury of the spinal cord was
overlooked initially. The pressures on the medical teams during
any major resuscitation are well known.12 It is somewhat dis-
comfiting to note, however, that in at least four cases the para-
lysis was first reported by the relatives of the victim before the
medical team appreciated it.

(5) Isolated reports on the difficulties of recognising certain
injuries of the cervical spine have appeared in the past. In
our study missed injuries of the spine were associated with
fractures of the cervical spine in 11 patients and the dorsal
spine in four. In at least eight of these the poor quality of the
radiographs made proper recognition of the bony architecture
extremely difficult. The lateral projections of most patients
with tetraplegia failed to show details of the cervicodorsal
junction.
The anteroposterior radiographs of the cervical spine usually

show the bony abnormalities after injury. Fractures of the body,
isolated malalignment of the spinous process in the sagittal plane,
undue widening or crowding of the spinous process, and, in
certain instances, fractures of the neural arch or lateral mass can
be recognised by a careful scrutiny of the anteroposterior radio-
graphs. When any one or more radiological abnormalities are
suspected further views to confirm the extent of the bony injury
are imperative. These include sustained and carefully supervised
pulled lateral views,'3-'6 supine oblique views, tomograms, and
swimmer's views. Pulling the arms to obtain a better lateral view
of the cervicodorsal junction should not be delegated to the radio-
grapher. Once a bony injury is suspected from routine radio-
graphs, the patient's neck should be immobilised with sandbags
on either side of the head and all further radiographic procedures
must be supervised by senior medical officers of the relevant
disciplines. This should minimise further injury to the cord
during radiography.
When studying lateral radiographs of the cervical spines of

these patients the doctor must judge the alignments of: (a) the
anterior margins of the body of the vertebrae, (b) the posterior
margins of the body of the vertebrae, (c) the apophyseal joints,
and (d) the laminar line (an interrupted line formed by joining
the site of confluence of the laminae of each vertebra)."7

In elderly patients with cervical spondylosis (cases 10 and 13)
radiographic demonstrations of the fractures may be difficult.
Any undue widening of a disc space, separation of osteophytes,
avulsion of the anteroinferior margins of the body, or fracture
of the spinous process should alert the medical officer to the
possibility of a major ligamentus disruption. Rarely, unexplained
widening of the prevertebral soft tissue may be the only radio-
logical sign of an injury to the cervical spine.'8 There are
instances where no bony injury may be demonstrable even after
the most meticulous radiological assessment.' 9 The accident and
emergency officers should be guided by the clinical signs and
symptoms in these cases.

(6) Most injuries were the result of considerable violence.
Studies20 have shown that the human body can withstand a
deceleration of 300 metres per second per second (30 G) without
injury. If a vehicle travelling at a speed of 50 km/h (31 mph)
comes to rest within 5 cm after a collision the deceleration of a
driver weighing about 70 kg (154 lb) will be about 1900 m/s/s
(195 G, 136 kN). This is beyond the impact tolerance of the
human body, and severe and uncontrolled deformation of various
unprotected parts of the body results (cases 1, 3, 4, 7, 15). The
parts of the body chiefly at risk in motorcycle accidents are the
head and legs.2' Eighty per cent of all fatalities are the result
of head and neck injuries in motorcycle accidents.22 Diving into
shallow water, when the head hits the bottom, leads to severe
deceleration that not only produces signs of head injury but also
fractures of the cervical spine (case 11).
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Failure to appreciate the forces concerned in each accident
contributed to inadequate investigation and examination of the
victims and led to erroneous conclusions. A considerable
proportion of drivers and occupants in automobile accidents
suffer injuries of the cervical spine. The victims of car, motor-
cycle, or diving accidents who give a history of varying degrees
of loss of consciousness should perhaps be admitted and ob-
served.
When paralysis follows the initial management, or when the

paresis observed by the victim or the relatives is ignored by
the medical staff, litigation against the hospital is likely. In at
least five instances the failure to recognise the vertebral injury
and subsequent management of the patient have contributed
to rapid deterioration of the neurological state. None of them
regained all the neurological functions that they had had on
admission. In one of these patients, even though the radio-
grapher and the medical officer of the accident and emergency
department recognised the bony injury and alerted a more senior
doctor, no treatment was started because the patient had no
major neurological deficit (figure). His records show a well-

Lateral cervical spine radiograph of a man admitted after a

trampoline accident without any apparent neurological deficit. The
inferior facet of C5 (square) is not articulating with superior
facet of C6 (triangle), which has dislocated posteriorly. The
posteroinferior angle of body of C5 (arrow) is not in alignment
with posterosuperior angle of C6. This patient developed
tetraplegia in hospital with incomplete neurological recovery
even after reduction of dislocation.

documented progressive deterioration of the spinal cord func-
tions until the next morning, when the dislocated spine was

reduced. In this case claims for damages were settled by the
appropriate area health authority for over ,C100 000.
Missed injuries of the spinal cord seldom occur as a result of

an isolated cause (table III). The pitfalls in diagnosing injury of
the spinal cord have been delineated. If failures to diagnose the
injury are to be avoided a careful evaluation of the history is
essential. All requests for radiographs should be made after due
consideration of the expected forces produced by each accident.
Anyone complaining of severe pain in the region of his spine after
an injury and who has even minor signs and symptoms of either
root irritation or cord damage should be treated as potentially
having an injury of the spinal cord, irrespective of the radio-
logical findings. The patient should be immobilised in bed and
carefully observed for any deterioration in neurological state.
At the first sign of any deterioration urgent help from more senior
members of the medical team should be summoned. We believe
that these measures will greatly reduce the incidence of missed
injuries of the spinal cord.
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Lesson of the Week

Plasmodium falciparum malaria in Nigerians who live in
Britain

E WALKER, CATRIONA BRODIE

Plasmodium falciparum malaria affected a Nigerian who was
studying in Glasgow and returned home for a short holiday.
Malaria caused by P falciparum is life-threatening and is not
often seen in Glasgow; malaria caused by the more benign
P vivax is ten times more common.' In London, however, such a
case would not be unusual.' Many residents of Glasgow have
relatives whom they visit in India and Pakistan, where P vivax
predominates. In London much of the malaria originates in
west-central Africa, where P falciparum is widespread.

After making a survey among travellers to the Indian sub-
continent,' attitudes to malaria prophylaxis were studied among
Nigerians resident in Britain. It emerged that this group does
not take the precautions that are normally recommended to
travellers overseas.4

Case report

A 27-year-old Nigerian student first came to Scotland in
1978. She had had malaria as a child but had had no attacks
after the age of 14 years. She returned home for holidays totalling
six months over three years, and most recently for three weeks in
December 1981. She had taken no antimalarial prophylaxis.

University Department of Infectious Diseases, Ruchill Hospital,
Glasgow G20 9NB

E WALKER, MRCP, MRCGP, lecturer in infectious diseases
CATRIONA BRODIE, medical student

Immunity against malaria declines when con-
stant reinfection stops: re-exposure may then
result in serious illness

Five days after returning to Scotland from her latest holiday she
developed headache, anorexia, and fever with shivering. These
symptoms persisted for four days and she then had hallucinations
and repeated vomiting, which caused her admission to hospital.
On examination she had a temperature of 39 5°C and was
drowsy. The tip of the spleen could be felt and the edge of her
liver was palpable and tender. Blood films showed ring tropho-
zoites of P falciparum in about 5 0% of her red blood cells. Her
haemoglobin concentration fell below 10 g/dl, but after treatment
with chloroquine she recovered steadily.

General attitude to prophylaxis

Fifty-three Nigerians were interviewed in the Nigerian Air-
ways offices in London. All had been resident in Britain for at
least two years, and 45 had had malaria before coming to
Britain. They were asked about their most recent trip to Nigeria
in the past five years: 36 had taken no antimalarial tablets;
16 had taken tablets, but irregularly, or had discontinued them
immediately on returning to Britain. Only one person had taken
tablets regularly, including the month after return.
The usual reason given for not taking any tablets was that they

preferred to treat attacks when they occurred, and this was linked
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