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Spinal Cord Injuries

S

reports in medical literature on management of
spinal injuries started increasing. Pressure sores
with sepsis and renal failure were recognized as
the main causes of mortality.

pinal Cord Injury (SCI) is truly a devastating
injury with profound consequences to the
individual, his family and society. WHO recognizes
it as a major musculoskeletal condition that
presents a serious disease burden1. After a skull
fracture the severity of disability is estimated at
43%. Following SCI, it is 72%! The adage
‘Prevention is better than cure’ is true to most
medical conditions but understood only after
disease strikes and SCI is probably the cruelest of
them all! Although remarkable progress has been
made in recent decades in understanding
pathophysiological processes following SCI, a cure
remains elusive. On the other hand, the costs
involved in its management are enormous. Good
rehabilitation can help reintegrate the individual
in society limiting the disability. The concept of
rehabilitation (practical management) in SCI is due
to the pioneering work of Donald Munro
(1889-1973) in the USA, Ludwig Guttmann
(1899-1980) in United Kingdom and Sir Geoffrey
Bedbrook in Australia2.

Donald Munro, a neurosurgeon is regarded
as the father of treatment of paraplegia. He believed
that treatment of the fractured spine was not
paramount, surgery unnecessary and emphasized
meticulous bladder care and skin protection. He
taught that the best treatment of bed sores is
prevention.
The Second World War (1939-44) led to an
increase in spinal injuries and dedicated centers
were set up on either side of the Atlantic. Most of
them were moulded on lines of Munro’s
philosophy. The National Spinal Injuries Centre
was set up at Stoke Mandeville, United Kingdom
in 1944 and Ludwig Guttmann, a neurosurgeon,
was its first director. He is widely regarded as the
father of the modern treatment of spinal injuries.
He laid the foundations of the current concepts of
management of spinal injuries. He emphasized
early transfer to a spinal injury unit2.

Perhaps the only gain from war is in the field
of medicine. Until the First World War (1914-18)
spinal injury was uncommon and its management
anecdotal – an ailment not to be treated. Overwhelming
number of spinal injuries during the war led to
development of dedicated facilities in USA,
Germany and France. The helplessness of surgical
and pharmacological treatment was replaced by
recognizing the potential of teamwork, nursing and
physiotherapy. Although mortality remained high,

In India, there was no facility dedicated to
spinal injuries before independence. The concept
of rehabilitation took time to grow amongst the
medical fraternity. The first organized programme
was started in CMC Hospital, Vellore by Dr. Mary
Varghese (1966) who herself was a paraplegic.
Armed Forces opened a centre at Kirkee, Pune in
1968 and Dr. A.S.Chahal played a major role in
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Definitions

establishing standardized protocols in spinal injury
management in the Indian context. Indian Spinal
Injuries Centre, New Delhi was set up by Major
HPS Ahluwalia in 1983. A well known Everest hero
he was injured in the Indo-Pak war and developed
quadriplegia. Over the years the centre has become
a model institute for service delivery, human
resource development and research programmes
related to spinal injuries3.

What is Spinal Column?
Also known as vertebral column, this is the
bony support that extends from the head to pelvis.
It is made up of 33 bony rings (vertebrae) stacked
on top of each other and provides stability to
support body weight, flexibility of movement and
protects the spinal cord suspended within it. Each
vertebra is separated from its neighbour by a firm
yet compressible material akin to automobile shock
absorbers (Figure 1).

Figure 1: Spinal Column
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What is Spinal Cord?

one pairs of nerves are given off from the spinal
cord that supplies the upper and lower limbs, chest
and abdomen (Figures 2 & 3).

This is the extension of brain that extends
up to the low midback. It resembles a cable. Twenty

Figure 2: The spinal cord and spinal nerves
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Figure 3: Dislocation of cervical vertebra C4/C5
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What is Spinal Injury?

not be associated with spinal cord injury. However,
in the field it is prudent to assume a spinal cord
injury and immobilize the spine till an expert in
hospital rules it out (Figure 4).

Injury to the spinal column or spinal cord.
Spinal cord injury causes paralysis, i.e., inability to
move or feel. Spinal column injury may or may

Figure 4: MR image showing injury to spinal cord
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What are the Causes of Spinal Cord Injury
(SCI)?
1.

Fall from height: trees, construction
sites.

2.

Road Traffic Accident (RTA); especially
involving two wheelers.

3.

Sporting injuries: diving, kabaddi.

4.

Assault: Gun shot injury, stab.

5.

Non-traumatic causes: Tubercular
spondylitis.

few. Preventive measures and rehabilitation
progress hand in hand. Rehabilitation helps the
individual realize his potential (Look not at what
you have lost but look at what you still have) and
leave hospital as an economically productive and
self sufficient citizen. This involves a coordinated
and integrated multidisciplinary approach. This
endeavor is possible only in specialized centers, i.e.,
spinal units, dedicated to the service of such
individuals. Early transfer to a spinal unit provides
the best chance of early return to society.
Members in a Spinal Unit Team

What is Tetraplegia and Paraplegia?
This defines the extent of paralysis. Higher
the level of injury, greater is the paralysis and loss
of body functions. Spinal cord injury at the level
of the neck leads to tetraplegia (quadriplegia), i.e.,
paralysis of all four limbs. The chest and abdomen
are also affected with difficulty in breathing and
coughing. Injury below the neck leads to paraplegia
(paralysis of the lower half of the body).

What is Complete and Incomplete Injury?
The degree of damage to the spinal cord
determines the completeness of injury. If the spinal
cord is partially damaged some signals from the
brain can cross the injured area to reach muscles
and skin. This is an incomplete injury and further
recovery may be expected with time. Total loss of
function below the level of injury is complete spinal
cord injury. No functional recovery is expected.
This has profound prognostic value and helps in
setting realistic rehabilitation goals.

Doctors

Paramedics

Emergency Physician

Nurses

Orthopaedic Surgeon/
Neurosurgeon

Ward boys/Aya
Physiotherapist

Anaesthetist

Occupational Therapist

Urologist

Orthotist

Plastic Surgeon

Psychologist

Internist

Peer Counselor

Respiratory Physician

Dietician

General Surgeon

Pharmacist

Psychiatrist

Magnitude of the Problem
With a population of over 1 billion, the
prevalence of disability is between 1.85% and
2.19%. Of these, 75% persons with disabilities live
in rural areas. Unfortunately there is no
information available on the prevalence of spinal
cord injured individuals or its incidence. However,
with a multiplying population, rapid ungoverned
urbanization and industrialization the numbers of
this severely crippling disability can be assumed to
be rising. Road Traffic Accidents (RTA) is an
unfortunate phenomenon of modernization
approaching almost epidemic proportions. The
WHO Global Burden of Disease Study predicts

What is a Spinal Unit?
Spinal cord injury poses a difficult
management dilemma. At present there is no cure
for the injured spinal cord and efforts should be
aimed at preventing secondary complications like
pressure sores, bladder disturbances, respiratory
insufficiency and deep vein thrombosis to name a
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that trauma by road traffic injury will become the
third ranked most disabling condition by 2020. It
underlines the ‘failure of successes’. As per report
of the International Conference (Spinal Injuries
Management, New Delhi, 1995), the incidence of
spinal injury was estimated at 15 new cases per
million per year in India. This translates into 15,000
new cases per year and with a backlog of ten years,
the prevalence exceeds 0.15 million)3. As per WHO
estimates, the incidence of this disease is on the
rise in developing countries like Brazil, China,
Pakistan and India. The burden of disease is equal
to industrialized world1.

most likely would be the Primary Health Centre.
There are no special units or beds allotted to spinal
injury even at district level centers. Most of the
states do not have any paraplegic unit in general or
speciality hospitals run by government. A spinal
injured patient would most likely be admitted to a
general hospital in the orthopaedic or neurosurgery
department, probably operated upon the spinal
column and sent home after 14 to 21 days.
Prevention of secondary complications requires
coordinated and dedicated efforts of almost
everyone caring for such an individual and this
cannot be expected in a busy set up where every
resource, human and institutional, is already
overburdened. There are no national protocols for
many diseases and spinal cord injury, too, is
managed on ad hoc basis3 (Figure 5).

The understanding of SCI and infrastructure
for its management can best be described as almost
non-existent. The first contact of spinal injured

Figure 5: X-ray after surgery showing reduction and fixation of cervical spine with plate and screws
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SCI generally occurs in young adults between 20 and 40 years of age4 with a preponderance of
males (Graph 1).

Graph 1: Age and sex distribution of SCI cases

The maximum relative value of life of an individual is between 20 and 40 years of age and this is
the very period during which the incidence of SCI is highest. The loss to the individual and his family
is incalculable but society too, loses something.
Causes of traumatic SCI are shown in Graph 2.

Graph 2: Mode of spinal cord injury
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Correlating impairment due to spinal cord
injury with disability helps in understanding the
impact of the injury on the individual. The scale
most commonly used is the Functional
Independence Measure (FIM). This helps assess
limitation in activities of daily living and also
monitor progress during rehabilitation. FIM
evaluates six areas of daily activities with 18
parameters. Each parameter is assigned a score of
1 to 7 that describes the ‘burden of care’ – 1 has
most dependence and 7 the least.

The severity of spinal cord injury is evaluated
based on the level of injury and the neurological
category.
Neurological level: The American Spinal Injury
Association (ASIA) protocol defines neurological
level as the lowest segment of the spinal cord with
normal sensory and motor function on both sides
of the body (Graph 3).

7 Complete independence
(timely, safely)
L
E
V
E

Graph 3: Level of injury

L

Neurological Category: This is assessed by the
American Spinal Injury Association (ASIA)
impairment scale.
A.

Complete: No motor or sensory function
is preserved in the sacral segments
S4–S5.

B.

Incomplete: Sensory but no motor
function preserved below the neurologic
level and includes the sacral segments
S4-S5.

C.

Incomplete: Motor function is preserved
below the neurologic level, and more
than half the key muscles below the
neurologic level have a muscle grade less
than 3.

D.

Incomplete: Motor function is preserved
below the neurologic level, and at least
half of key muscles below the neurologic
level have a muscle grade of 3 or more.

E.

Normal: Motor and sensory functions are
normal.

S

NO HELPER

6 Modified independence (devices)
Modified dependence

HELPER

5 Supervisor (subject =100%)
4 Minimal assist ( subject =76%+)
3 Moderate assist ( subject = 50%+)
Complete dependence
2 Maximal assist ( subject =25%+)
1 Total assist (subject = or less
than 25%)

Self Care
Eating
Grooming
Bathing
Dressing – upper body
Dressing – lower body
Toileting
Sphincter control
Bladder management
Bowel management
Transfer
Bed, Chair, Wheelchair
Toilet
Tub, shower
Locomotion
Walk, Wheelchair
Stairs
Motor Subtotal score
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Communication
Comprehension
Expression
Social Cognition
Social interaction
Problem solving
Memory
Cognitive subtotal score

Costs Involved in the Management of SCI

evaluation, clinical and radiological, to rule out
hidden injuries. Not all spinal column injuries are
associated with injury to the spinal cord.
Immobilization of the spine at the site of accident
and during transfer has proven to reduce the
incidence of neurological complications.

SCI is a very costly ailment. The expenses
incurred can be divided into direct and indirect
costs (Table 1). Direct costs involve the actual
management of the injury in the acute phase and
subsequent follow up visits. The bulk of this occurs
in the first year after injury wherein hospitalization
expenses account for the major chunk. Costs also
depend on the level of injury; higher the level,
longer the hospitalization, greater the cost. Indirect
costs involve loss of future wages and productivity.
Younger the age of injury, higher is the indirect
costs.

Acute care begins with attention to
fundamentals of trauma care, i.e., cardiopulmonary
resuscitation.

Table 1: Break Up of Direct Costs in Managing SCI
1.

Emergency medical services

2.

Acute care

3.

Surgery with implants

4.

ICU stay, ventilator support

5.

Rehabilitation

6.

Mobility aids, wheelchair

7.

Domestic and environmental modifications

8.

Attendant

9.

Equipment for self care, e.g., CIC, gloves

A.

Airway maintenance with cervical spine
control.

B.

Breathing.

C.

Circulation.

D.

Disability.

E.

Exposure.

This sequence of assessment must always be
adhered to without any exception. If a spinal cord
injury is suspected, immediate orthopaedic or
neurosurgical consultation must be sought.
Indicators of possible spinal cord injury are:
1.

Slow heart rate < 60 beats per minute.

Management

2.

Hypotension.

A multidisciplinary team approach offers the
best chance of a successful outcome following SCI.
Medical therapy and rehabilitation are initiated the
moment the patient is admitted to hospital. Both
go on hand-in-hand. About 50% of the patients
have associated injuries to the head, chest, abdomen
or appendicular skeleton. Loss of sensations below
the level of injury necessitates a very thorough

3.

Abdominal breathing.

4.

Inability to move limbs with loss of
sensations.

In an unconscious victim, spinal cord injury
must always be suspected and appropriate
immobilization of spine maintained till it is ruled
out by a specialist (Figures 6 & 7).
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Figure 6: MR image following surgery: compression of cord removed, cord injury unchanged
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Figure 7: Fracture of L3 vertebra stabilized with pedicle screw-rod frame

Rehabilitation

Table 2: List of Complications

Advances in the management of spinal cord
injured patients have come not from new surgical
techniques and tools or drugs but from a holistic
approach to the patient. Historically SCI resulted
in paralysis, immobility, isolation and mortality. It
still results in paralysis but mobility, integration
with society and prevention of secondary
complications has mitigated its crippling nature. It
has been stated “collaboration, not isolation is the
key to the success of rehabilitation”. Rehabilitation
should begin as soon as possible after injury
(Figures 8 & 9). The objective is to avoid secondary
complications (Table 2). The key to prevention is
knowledge and education.

Early

Late

1.

Spinal shock

Spasticity

2.

Pressure sores

Pain

3.

Deep vein thrombosis (DVT)

Contractures

4.

Autonomic Dysfunction (AD)

Osteoporosis

(a) Autonomic Dysreflexia

Heterotopic

(b) Orthostatic hypotension

ossification

(c) Impaired thermoregulation

+ early

(d) Bladder and bowel disturbances
(e) Altered genital function
5.

Pulmonary disturbances

The cost of complications in terms of human
suffering and financial burden is inversely related
to the quality of care provided.
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Figure 8: Rehabilitation; tilt table exercise to reduce orthostatic hypotension

Figure 9: Rehabilitation; learning postural balance
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Why do Complications Occur?

body awareness with insensitivity to touch, pain
and temperature. Autonomic disturbances alter the
hemodynamics compromising vital functions. Lack
of knowledge further compounds the picture.

SCI results in paralysis. This is the most
obvious symptom as it leads to immobility. Loss of
sensations below the level of injury lead to reduced

Pressure Sores

Pressure sore is a source of infection and
septicemia. An open wound has dead tissue and
leads to loss of blood and protein. This necessitates
surgery to clean the wound and close it. Surgery is
followed by a rest period of 4 to 6 weeks till the
skin cover matures. This delays rehabilitation,
increases hospitalization stay and multiplies the
cost. Donald Munro had stated in 1929 “Prevention
is the best management of bed sores”. The

This is one of the most common
complications. It occurs due to prolonged pressure
on soft tissues between bone and the hard external
surface (bed). This leads to reduced blood flow to
skin and tissue breakdown. Wet sheets due to urine
or feces macerate the skin softening it further. Shear
between the sheet and skin during shifting or
transfer too can cause skin ulceration.
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Bladder Disturbances

following measures help reduce this complication.
1.

Education of attendants and patient.

2.

Two hourly turning in bed.

3.

Dry bed sheets.

4.

Avoiding shear.

5.

Special mattresses available do not
eliminate the risk. They only reduce the
probability.

Urinary tract infection is the other common
complication to strike SCI repeatedly. This is
because of the separation of the urinary tract
function from conscious control of the brain. Two
types of problems occur:
(i)

Incontinence – inability to hold urine.

(ii) Retention–inability to empty completely.
Bladder dysfunction is of two types: spastic
and flaccid (Table 3).

Table 3: Bladder Dysfunction Following SCI
Spastic (automatic)

Flaccid

Vertebral column level

Lesion above L1

Lesion at/below L1

Bladder pressure

High

Low

Detrusor (bladder wall muscle)

Spastic

Flaccid (Atonic)

Bladder capacity

Low

High

Risks

Back pressure changes

Stasis

Both scenarios have
consequences. The risks are:

unfavorable

Regulation of fluid intake vis-à-vis output and
regular monitoring of urine culture can help reduce
the incidence of renal complications. Annual
bladder evaluations are recommended.

1.

Incontinence.

2.

Infection.

3.

Stone formation; renal, ureteric, bladder.

Bowel Function

4.

Renal failure.

5.

Sexual dysfunction.

6.

Autonomic Dysreflexia.

7.

Altered body image/low self esteem.

Normal bowel function depends on the
interaction of four mechanisms:
1. Autorhythmicity of bowel wall.
2. Intrinsic system
a. Submucosal plexus of Meissner
b. Myenteric plexus of Auerbach
i) Peristalsis
ii) Secretion of fluids
iii) Blood flow
c. Gastrocolic reflex
3. Autonomic system
a. Sympathetic – dampening effect
b. Parasympathetic – excitatory effect

Indwelling catheter is used during the acute
phase. This provides continuous drainage.
However, a foreign body reaction occurs and the
risks of infection are high. As soon as the patient is
stable (around two weeks) clean intermittent
catheterization (CIC) should begin. This helps
empty the bladder consistently and avoids
problems with foreign body retention. An ideal
program should aim at CIC every 4 to 6 hours.
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4.

Somatic system – under voluntary
control
a.

External anal sphincter

b.

Puborectalis musculature

should experiment to reduce and finally get rid of
medication support. The social handicap created
by bladder and bowel dysfunction is overriding.
Good training allows freedom from anxiety and
embarrassment and greater independence in life.

After SCI the autonomic and somatic systems
are disrupted. The patient develops ileus that lasts
for 24 hours but may extend up to a week. The
intrinsic system function recovers within a week.
The problems encountered with respect to bowels
are:
1.

Impaction.

2.

Constipation.

3.

Incontinence.

Autonomic Dysreflexia
This is a medical emergency and needs
urgent physician support. It occurs in SCI above
T6 level only. The symptoms are throbbing
headache and profuse sweating above level of
lesion. Accelerated hypertension unless checked
can lead to life threatening complications. A painful
stimulus below the level of the lesion releases
chemicals that cause vasoconstriction. The most
common stimulus is a distended bladder. The other
irritants known are impacted feces, ingrown toe
nails and pressure sores. Management involves its
awareness and early recognition. The head-end
should be tilted up, all constrictive clothing
loosened and offending cause identified (distended
bladder/blocked catheter or impacted feces) and
treated.

Bowel training should commence early. It is
necessary for the patient to be able to sit upright.
Retraining requires patience. It takes time to
develop reflex activity. The patient should try and
empty the bowel at the same time everyday as per
convenience of the attendants. Generally morning
hours are busy and evenings may be ideal. Regular
dietary habits and adequate fluid intake are
mandatory. Exercises during the day time help.
Medications are available to assist.
1.

Stool softeners.

2.

Bulk forming agents.

3.

Colonic stimulants.

4.

Rectal stimulants.

Pulmonary Complications
Pulmonary complications are a major cause
of morbidity and mortality in the acute phase.
Higher the lesion, greater are the risks. Following
SCI, paralysis of the muscles causes inability to
expel forcefully (Table 4). This may lead to
atelectasis, pneumonia and ventilatory failure.
Some individuals may require ventilatory assistance
in the acute phase. Tracheostomy is performed if
support is required for a longer duration.
Rehabilitation efforts initiated early help improve
ventilatory function.

The aims of bowel training are:
1.

Evacuation once a day or every other day.

2.

No medication.

3.

No accidents between scheduled time.

Once a good pattern is achieved the patient
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Table 4: Muscles of Respiration
Muscle

Nerve supply

Comment

Diaphragm

C4

Most critical muscle for inspiration

Intercostals

T1-T12

Inspiration

Abdominals (external oblique, internal
oblique, rectus abdominis)

T5-T12

Forced expiration, i.e., coughing

Accessory muscles (sternocleidomastoid,
rhomboids, levator scapulae)

Help in inspiration

Deep Vein Thrombosis (DVT)

Conservative Versus Surgical
Management

The incidence of this complication is
reported to be anywhere from 47% to 100% in
lower limbs following SCI. This almost universal
prevalence is secondary to stasis following paralysis
of the limbs, hypercoagulability of blood and vessel
wall injury following trauma. Classical clinical
features (Table 5) are seen in only one-fifth of
patients. A very high index of suspicion is,
therefore, necessary to avoid this preventable
complication. Blood clots from the lower limbs
may dislodge and get trapped in the lungs leading
to pulmonary embolism, a very serious and life
threatening complication of DVT. It can lead to
sudden cardio-respiratory failure and death.
Therefore, measures to prevent DVT are extremely
important. Early physiotherapy (ROM exercises),
drugs and physical modalities help in prevention.

Historically, non-operative treatment was the
standard. However, recent advances in radiological
techniques have led to a better understanding of
injury patterns. The crucial issues to consider are
stability of the injured spinal column and
neurological status. Instability may result in neural
tissue damage, progressive deformity and chronic
pain. Advances in anaethesiology, critical care,
surgical techniques and instrumentations have
encouraged aggressive yet safer methods of spinal
fixation. Surgical fixation, where indicated, gives
superior control of deformity, allows early
mobilization, rehabilitation and reduces hospital
stay. However, a consensus on the role of surgery
and its timing remains elusive. Its role in improving
neurological outcome is controversial. The only
absolute indication for surgery is progressive
neurological deficit. An algorithm for management
after spinal injury is shown in Chart 1.

Table 5: Clinical Features of DVT
1.

Asymmetric swelling of extremities, especially
calves

2.

Local warmth

3.

Mild fever
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Chart 1: Algorithm for spinal injury management

Physical Therapy
1.

spirometry, deep breathing techniques,
assisted cough and respiratory treatment
are practiced.

Range of motion (ROM) exercises of all
four limbs is begun soon after
evaluation. This helps prevent
contractures and DVT. It should be done
daily. Initially the physiotherapist
provides therapy but later a family
member has to take over under the
guidance of the therapist. Contractures
are a potential cause of pain and interfere
in rehabilitation.

2.

Light weight exercises of normally
innervated muscles are begun in
addition, to prevent disuse atrophy.

3.

Chest physiotherapy is an important
aspect of early rehabilitation. Incentive

4.

When the patient can be mobilized out
of bed tilt table exercises begun. This
helps reduce orthostatic hypotension.
Tilting begins from 15 degrees and
gradually increased to reach at least 80
degrees.

5.

Sitting balance exercises.

6.

Wheelchair mobilization techniques.

7.

Transfer training from all types of
surfaces: bed, wheelchair, floor.

8.

Techniques of weight transfer to avoid
pressure sores (Figures 10 & 11).

Figure 10: Rehabilitation; learning wheel chair skills
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Figure 11: Rehabilitation; participating in sports
may not always be possible due to human
variability. Motivated patients with good family and
social support sometimes exceed the expected
functional outcome.

During the course of rehabilitation, a
functional goal (long term) is set by the team
depending upon the motor level and ASIA category.
Examples of C6 level and T10-12 level are shown
in Tables 6 and 7 respectively. An ideal outcome

Table 6: Projected Functional Outcome at 1 year after injury- Level C6
Activities of Daily Living

Feeding

Independent with aid

Grooming

Assistance

Upper limb dressing

Independent

Lower limb dressing

Dependent

Bathing

Assistance

Bed mobility

Assistance

Weight shifting

Independent

Transfers

Assistance

Wheelchair propulsion

Independent
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Table 7: Projected Functional Outcome at 1 year after injury – Level T10-12
Activities of Daily Living

Independent

Bowel and bladder care

Independent

Transfers

Independent

Ambulation

Home ambulatory with aids

Spinal Cord Injury and Social Attitudes

cumbersome and chronic process that begins soon
after injury and lasts a lifetime. An active healthy
individual in a few seconds becomes immobile. A
healthy mind is shackled to a paralysed body and
limbs. This abrupt change takes time to understand
and accept. Suddenly the world shrinks and the
sole concern revolves around survival and self care.
The individual gets cut off from his habitual
surroundings and is confined to a hospital bed.
Isolation, segregation, helplessness, confusion,
depression are few of the thoughts going on in the
mind. It is here that the strong social fabric of the
family has a very important role (Figure 12).

Apart from the physical disability, a SCI
patient has the added burden of psychological,
social and vocational problems. After SCI, the first
and most common defense adopted is denial.
Awareness of the long term consequences of such
an injury take time to be acknowledged and
accepted even by educated patients and their
families. Optimistic expectations for recovery early
on cannot be committed due to spinal shock. Level
of education and awareness about SCI is too little
and the patient and his family are unable to fathom
the impact of injury. Rehabilitation is complex,

Figure 12: Peer counseling; learnign by sharing
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Future

Growth Factors

Evidence from recent research holds
promise. The long standing belief that spinal cord
cannot regenerate has been proven wrong.
Regeneration of spinal cord has been successful in
animals in the laboratory.

All cells require factors to grow. So do
neurons. The first such factor discovered was NGF
by Levi-Montalcini (Nobel Prize in Medicine).
Numerous factors have since been isolated that
facilitate neural regeneration of adult rat spinal cord
cells.

Stem Cell Therapy

Gene Therapy

Embryonic cells transplanted to the injured
cord have led to motor improvement in rats.
Olfactory ensheating glial (OEG) cells are
specialized cells that grow throughout life. OEG
cells transplanted to the injured spinal cord have
consistently shown regeneration of motor tracts in
adult rats.

Cells have been genetically modified to
secrete neurotrophic growth factors. Such cells
transplanted to the injury site have shown
promising neural tissue regeneration.

Challenges
Research is progressing at a frantic pace.
However, concerns exist. What is the best therapy?
Can combinations be tested? When is the best time
to try them? How long after injury would they be
helpful? Would multiple sessions be required?
How safe are the therapies? Until such time that
the questions are answered, emphasis should be
on rehabilitation. Prolonged disuse of paralysed
muscles and peripheral neural receptors may lead
to irreparable atrophy of circuits. Successful
regeneration of neural tissues in future may not
therefore, necessarily translate into functional
recovery.

Vaccination
Vaccination of animals by spinal cord proteins
is believed to stimulate antibodies against growth
inhibitors. Almost half of the inoculated mice
regenerated about 75% of spinal cord cells.

Immunotherapy
Injury leads to repair. Immunologic
modulated demyelination followed by Schwann
cell transplantation has shown promising recovery
in rats.
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