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around the proximal end of the splint, the knee (especially
over the femoral and tibial condyles), heel and ankle. A
pad should be used to ensure a 5° flexion at the knee.

The long Liston splint
This splint extends from the axilla (the level ofthe deltoid
tuberosity) to 15em distal to the tip of the lateral malleolus
(Fig. 6). While applying the splint, a bandage is passed
over the serrated distal end and this prevents the splint
from slipping. A hole is made at the level of the lateral
malleolus.·This splint is of particular value in the situations
listed in Table IV.
Cotton wool padding is essential at the proximal

end (to prevent pressure on the rib cage), at the iliac crest,
greater trochanter, lateral condyle of the femur, head of
the fibula and the lateral malleolus. The latter two bony
prominences should be covered with a cotton wool ring.
Correct splinting of the fractured extremity is one of the
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TABLE IV. Indications for the long Liston splint

I. Spinal injuries at the lower dorsal. dorsolumbar and lumbar regions
2. Fracture of the neck of the femur or in intertrochanteric fractures
3. Dislocation of the hip
4. Fracture of the shaft of the femur
5. Complex injuries around the knee

most important steps in the emergency care of patients
whose fractures need splinting. This requires proper
training to ensure that the patient is comfortable and to
prevent further complications. This initial treatment is
usually delegated to the non-medical staff, so it is the
responsibility of the trained professionals to ensure that all
those concemed--be they policemen, firemen, ambulance
staff or casualty department technicians-are adequately
trained to administer this emergency care.
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Splint

Cotton wool

FIG 6. Schematic diagram of a long Liston splint. Note the hole in the splint over the lateral malleolus
to prevent pressure over this bony prominence and the serrated distal end of the

splint to prevent the bandage from slipping.

The management of traumatic paraplegia

The term 'traumatic paraplegia' includes the neurological'
sequelae of spinal injuries at all levels of the vertebral
column. While road traffic accidents are the commonest
cause of traumatic paraplegia in industrialized nations,
falls from heights or into unprotected wells generally
account for this form of injury in developing countries. In
India over two-thirds of spinal cord injuries are sustained
in rural areas. The patients are usually poor and live in
relatively inaccessible areas where transport facilities are
not readily available and medical expertise less than
optimal. There is a 9:1 male preponderance and those
afflicted are usually in their second and third decades of
life.
The possibility of injury to the spinal cord must be

considered in all cases of serious accidents especially in
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patients who lose consciousness soon after injury. The
inability to move the lower limbs in the absence of obvious
fractures or dislocations should be taken as presumptive
evidence of spinal cord injury. Absence of sensation in the
limbs is diagnostic.
Initially, measures should be taken to ensure an adequate

airway, respiration and circulation. To avoid further
trauma to the injured spinal cord, the first step is to place
a spinal board or a plank underneath the patient and to
securely strap him before lifting him. If a plank is not
available the patient should be lifted by at least four persons,
one of whom must support the head and neck while the
others support the rest of the body without bending the
spine (Fig. 1). Under no circumstance should a patient
with suspected spinal cord injury be lifted by one person.
In case of a vehicular, rail or air accident an injured

person should never be pulled out of the seat. A short spinal
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FIG 1. Lifting a patient with a suspected spinal injury

board (Fig. 2) should be placed behind the head, neck and
upper trunk and the patient strapped to it before any
attempt is made to shift him. A trained paramedic or
ambulance van attendant is the most competent person to
resuscitate and look after such a patient at the accident
site. Curious onlookers and overzealous helpers should
be firmly and tactfully told to move away from the scene;
policehelp should be sought if necessary. In major disasters
a continuous stream of V. I. Ps descend on the scene. They
only serve to distract the attention of medical and para-
medicalworkers and must be politely told to stay away in
the interest of the injured persons.
The properly splinted patient should be quickly trans-

ferred to a hospital which has facilities for investigation
andtreatment of spinal injuries. Further transfers to other
hospitals should be avoided as these increase the risk of
further damage to the spinal cord.
On arrival at the emergency department of the hospital

the patient should be carefully laid on a trolley on which
resuscitation and examination can be performed and
radiographs taken. He should be carefully examined with
particular attention to the neurological system and the
necessary first aid measures instituted. In the meantime,
a specialist team should be summoned.
Knowledge of the mode of injury, the type of strain, the

extent of skeletal injuries and neurological deficits, based
on clinical and radiological examination facilitate both
diagnosis and management. The importance of a detailed
neurological examination on arrival and every few hours
thereafter cannot be over-emphasized.

PRINCIPLES OF TREATMENT
When there is a loss of all spinal cord functions there is
usuallyno recovery. However, in patients with partial loss
ofspinalcord function recovery to varying degrees is likely.
Therefore, in patients with partial spinal cord lesions
every effort must be made to avoid further trauma to the
cord lest the partial lesion be converted into a complete
one.
Treatment must be individualized because it is influenced

by the type of strain, the nature of the skeletal injury,
neurological status, facilities available and above all the
expertiseof the treating team. There are specific indications
for surgical intervention; operative treatment for spinal
cord injuries is not a panacea. The Hippocratic dictum
primum non nocere (first do no harm) is nowhere more
relevant than in spinal cord injuries.
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FIG 2. A spinal board

The patient with a spinal cord injury is best treated by a
multi-disciplinary team which should include specialists in
Orthopaedics, Urology, Plastic Surgery, Neurosurgery,
Rehabilitation and Psychiatry. Specially trained nurses,
physiotherapists and occupational therapists are an integral
part of such a team. It is important to have a leader who is in
overall charge of the patient, looking after the day-to-day
care and liaisingwith other team members. An Orthopaedic
Surgeon or a Physical Medicine and Rehabilitation
specialist is the ideal person to fulfil this role. A patient
with a spinal cord injury should, preferably, be admitted
to a ward which deals exclusively with such patients. The
paramedical staff to patient ratio should optimally be 1:3.

Radiography
The pitfalls in interpreting radiographs of lesions at CI-C2,
C6-C7 and C7-Tl (Fig. 3) must be kept in mind and special

FIG 3. Lesion at CI-C2 which is not seen on a conventional view

FIG 4. An anterior-posterior poly tome view showing
a fracture of the C2 vertebra



views (Fig. 4) taken without delay. The radiographs must
be scrutinized not only for the level of skeletal injury but
also for displacements. A careful examination of the
interspinous space, the intervertebral space and facet
joints provides useful clues as to the mechanism of injury.
There is no substitute, however, for a careful, thorough
and repeated neurological examination for the correct
evaluation and treatment of patients with spinal cord
injuries.

Mechanisms of injury
Injury to the spine may be caused by flexion, flexion-
rotation and hyperextension strains. In automobile
accidents the added factor of momentum, and axial loading
in falls from heights must be taken into account. A correct
diagnosis of these strains is important for the proper care
of these patients in the acute phase.

CERVICAL SPINE INJURIES
Fractures without displacement on radiographs
While some of these fractures may be stable or burst
fractures of vertebral bodies, unstable. fractures such as
those following momentary dislocation may result in no
discernible displacement. These patients are best treated
with the neck kept in the neutral position with skull tongs
or a plaster collar, or a SOMI (Sterno-occipito-mandible-
immobilizer) brace (Fig. 5). The patient must be turned

FIG5. A SOMI (Sterno-occipito-mandible immobilizer) brace

in bed every two hours by conventional log rolling or by
the Madras method of rolling. In the Madras method, two
pillows as wide as the bed are arranged as a wedge at the
level of the gibbus which is identified and marked with
gentian violet by a circumferential line. Another line is
made over the middle of the upper of the two pillows. The
patient is positioned over the pillows so that the two lines,
i.e. those on the patient and the upper pillow coincide.
With the patient supine, the fracture is gradually reduced.
The advantages of this method include reduction of the

fracture or fracture-dislocation, prevention of skin and
lung complications, and that the patient can be turned by
a single person (Figs. 6 to 11). In the course of a few hours
acceptable alignment is achieved. This technique is
particularly useful for those with acute flexion spinal
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FIG6. Two wide pillows are laid on the bed

FIG7. The patient lies on the pillows with marks on his body and
the upper pillow in alignment (see text). The Foley's

catheter is strapped to the abdomen

FIG8. A side view of the pillows correcting the gibbus.
Note the ankle pads and footboard
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FIG 9. How a patient is turned by a single person.
Step I: A pillow is kept between the lower
limbs and the right leg is placed over it.

FIG 10. Step II: The patient is held in the left lateral position

FIG 11. Step III: The patient is lying on his left side.
A sand bag has been placed over the pillow on

the back to restore the lumbar curve
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injuries below the fourth dorsal vertebra. The patient is
turned every two hours by an attendant using the upper of
the two pillows as a lever, while in lateral recumbency a
large sand bag is laid over the back to restore the curvature
of the spine. Careful monitoring of the neurological status
is necessary for early detection of ascending lesions and to
permit the initiation of appropriate measures for respiratory
support.

Flexion injuries with displacement
These may be either fractures or fracture-dislocations and
need to be reduced without delay. Skull tongs are applied
for effective traction in the direction of an extended neck.
Traction should be applied at the rate of five pounds for
every vertebra proximal to the disrupted segment.
Gardner-Wells skull tongs are elegant and easy to apply
at the bedside. Serial radiographs are necessary to assess
the reduction. Once optimal reduction is achieved, a
nominal weight traction is continued for six to eight weeks
(Figs. 12a and 12b).

Fro 12a and b. Dislocation with locked facets at C5-C6 before
and after skull tong traction

Flexion injuries with locked facets
If reduction of locked facets is not successful with the skull
tong traction, immediate open reduction should be per-
formed. This may be combined with posterior fusion
using wires and bone grafts.

Hyperextension injuries of the cervical spine
These injuries are recognized by avulsion of the anterior
corner of the vertebra and opening out of the disc space
anteriorly. Injuries over the frontal region of the scalp
suggest such an injury in the absence of radiological
changes in the cervical spine. Hyperextension injuries are
often seen in elderly patients with extensive degenerative
changes in the cervical spine. Momentary displacement
and spontaneous reduction may occur in these patients.

In hyperextension injuries, traction should be applied
with the neck slightly flexed. This is achieved by applying
skull tongs more anteriorly than usual.
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DORSAL SPINE INJURIES
Normally the rib cage splints the vertebral column from
the first (dorsal) to the tenth dorsal vertebra. The spinal
canal is narrowest in the upper dorsal segment and it is at
this level that flexion-rotation or flexion-momentum
injuries are common and recovery slow. The aim of treat-
ment is postural reduction of spinal injury, prevention of
complications and concerted efforts towards rehabilitation.
The Madras method of log rolling is particularly useful in
these patients.

LUMBO-DORSAL AND LUMBAR SPINE INJURIES
The relative mobility of the junctional vertebrae (tenth
dorsal to first lumbar) make them prone to injuries. Flexion
injuries at this level can be treated either conservatively by
the Madras method of log rolling or by surgical stabilization
of the spine (Figs. 13a and b).

FIG 13a and b. Fracture-dislocation of 012 and Ll. Pre- and
postoperative radiographs. The postoperative

radiograph shows a Luque rod in place

HYPEREXTENSION INJURIES OF LUMBAR SPINE
These injuries are rare and are seen in patients with severe
spondylitis or ankylosing spondylitis. The neurological
deficit is transient or absent, and reduction is spontaneous.
These patients should be nursed in the natural position.

OTHER ASPECfS OF TREATMENT
Care of the skin, attention to cardiopulmonary function,
drainage of the urinary bladder and psycho-social coun-
selling form an integral part of the care of patients with
spinal injuries.

Care of the skin
The continued pressure on the anaesthetic skin results in
pressure sores over the sacrum, trochanters, back of the
heels, lateral malleoli and other bony prominences. These
can be prevented by turning the patient every two hours
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during the first few weeks after injury. It has been estimated
that the cost of care of a single pressure sore in the United
States is about US $ 30000. This emphasizes the importance
of prevention of pressure sores.

Urinary bladder care
During the stage of spinal shock, the urinary bladder
becomes distended due to paralysis of the detrusor muscle.
Intermittent catheterization every eight hours by a sterile
technique for up to a few weeks is optimal. Whether the
patient regains bladder control depends upon the level of
the lesion, the type of neurological damage, and the tone
of the detrusor muscle and external sphincter. The fluid
intake must be restricted to about one litre a day. Patients
who are unable to regain bladder control or who develop an
automatic neurogenic bladder, can be taught intermittent
self-catheterization using aseptic methods (Figs. 14aand b).

FIG 14a. A young paraplegic patient inserting a urethral
catheter assisted by his illiterate mother

b. The urine being drained

REHABILITATION
The rehabilitation of patients with spinal cord injuries is
difficult, long-drawn and often extremely frustrating for
the patient, the relatives and for the medical team.
Rehabilitation should commence on the first day with
enquiry into the socio-economic problems of the patient
and his family. Recalcitrant employers should be forced
to support the family if the injury occurred during work.
While medical rehabilitation through the intermediate
and chronic stages can be solved to some extent by the
medical team, the economic and vocational rehabilitation
involves the employers, insurance companies and social
security organizations. Their intransigence, apathy and
downright neglect are well known.
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