
REVIEW

Management of neuropathic pain following spinal cord injury:
now and in the future
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Objective: To provide an overview of our current understanding of the problem of neuropathic pain
following spinal cord injury (SCI) and to suggest possible therapeutic options in the near future.
Methods: Original research articles, reviews and book chapters on the subject of pain and SCI.
Results: Neuropathic pain following SCI has presented a challenge not only for traditional concepts of
how pain occurs but also for more recent conceptualizations. We have made substantial progress in
identifying the common types of pain that occur following SCI, determining the prevalence and
characteristics of pain, investigating some of the pathophysiological changes in the nervous system that
may contribute to the presence of neuropathic SCI pain and examining the effectiveness of some
treatments. However major challenges remain. We still need to reach consensus on an SCI pain
taxonomy; our understanding of mechanisms and the relative contribution of changes in the periphery,
spinal cord and brain is incompletely understood; there are few studies that indicate effective treatment
options, particularly for neuropathic SCI pain; and treatment of the biological and psychological
contributors to pain is often fragmented.
Conclusion: Recent studies suggest the potential usefulness of new treatment approaches such as
selective pharmacological agents, application of novel neurostimulation techniques and the use of
cognitive approaches to modify the pain experience. Our increasing understanding of the problem
combined with the promise of these new approaches offers hope for improved management of
neuropathic pain following SCI in the near future.
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The problem of pain following SCI

Pain has increasingly been recognized as an important

contributor to suffering, poorer rehabilitation outcomes

and reduced quality of life for people with a spinal cord

injury (SCI). There are at least three facts that indicate the

important impact of pain on the person with SCI. First, pain

following SCI is common. Although there is some variability,

studies investigating the prevalence of pain in people with

SCI indicate that around 65–85% of those with a spinal

injury will experience pain and around one-third of these

will have severe pain.1

Second, pain following SCI is consistently rated as one of

the most difficult problems to manage.2 There are a large

number of studies that clearly demonstrate the strong

relationship between pain and poorer physical, psycholo-

gical and social functioning.3–6 Pain may adversely affect

sleep and participation in activities of daily living and

may contribute to functional disability beyond that asso-

ciated with the loss of mobility.7–9 Pain also directly

contributes to disability by reducing the person’s capacity

to participate in rehabilitation and return to work.9–12 These

effects on functioning flow through to more global indica-

tors of health such as reduced quality of life13–15 and life

satisfaction.16

Third, the long-term prognosis for pain resolution follow-

ing SCI is often poor. Many people report that pain following

their SCI continues or even worsens over time3 and it has

been documented that those reporting neuropathic pain in

the subacute period (3–6 months) after injury are likely to

continue experiencing pain at 3–5 years following their

injury.1

Pain therefore presents a major challenge to those with an

SCI and subsequently to those involved in their care. This

paper will review how our understanding of pain following
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SCI has advanced in recent years, some of the mechanisms

that are believed to underlie pain following SCI and current

treatment approaches. Rather than trying to deal with all

types of pain following SCI, the main focus of this review

will be the features, mechanisms and management of

neuropathic SCI pain. Lastly, it will look forward to possible

future developments and potential treatment approaches in

the future.

Looking back

Descartes and telephone lines

Before looking at our current understanding and approach to

the management of pain following SCI, it is interesting to

look back and see how far we have come. Going back to the

seventeenth century, our concept of pain was very much in

line with the views of the French philosopher, mathemati-

cian and scientist, René Descartes. Descartes put forward a

conceptual framework for pain that hypothesized that pain

was transmitted from the periphery along specific pain fibres

and up the spinal cord to arrive in the brain and activate a

pain region that was associated with pain perception.

Whether correctly interpreted or not, this conceptual

framework had a wide impact that included our conceptua-

lization of pain following SCI. On the basis of this concept of

passive transmission of sensation along telephone wires,

some people believed that people with an SCI could not be

experiencing real pain as clearly if they had no sensation,

indicating that the wires were cut, how could they then

experience pain?

We now know that this misconception of the nervous

system as a passive transmitter of sensory information is

false. Sadly, if you transect the spinal cord surgically, many

people develop new pain in the area below the transection

within 6–12 months. As we now know and shall explore

further later, recent findings frommechanistic studies clearly

indicate that rather than being an inert passive conductor of

signals, the nervous system is highly plastic and constantly

modifies and reorganizes depending on the nature of sensory

inputs. However, it is these attempts to adapt to the level of

sensory input that may contribute to the development of

pain following an SCI.

The gate theory

Despite the prominence of Descartes’ views, it was clear that

his proposed conceptualization of pain had problems. In

1965, two pain researchers, Ronald Melzack and Patrick Wall

put forward a concept that was to have a major impact on

our understanding of pain.17 This concept, which was

termed the gate theory, proposed that pain was influenced

by the interaction of sensory input in large and small fibres

in the dorsal horn of the spinal cord. It is hard to

overestimate the impact of this proposed concept on the

field of pain. Although not entirely new or correct in its

details, it nevertheless provided a clear new conceptual

framework for our thinking about pain.

Despite this forward movement in our understanding of

pain, it still left several problems unresolved. One of these

problems was pain following SCI. In an invited plenary

address to the Sixth World Congress of Pain in 1990 to mark

25 years following the publication of the gate theory,

Melzack stated, ‘There is a set of observations on pain in

paraplegics that just does not fit the theory.’18 This put out

the challenge to find a new conceptualization of pain that

allowed not only for modification of peripheral inputs but

also ongoing pain despite the apparent complete loss of

peripheral inputs. This issue has been a dominant one in

trying to understand the mechanisms underlying pain

following SCI. As we shall see later, there are fascinating

insights from basic research that are starting to provide

answers to this difficult question.

Pain terminology

Another important historical issue in the field of pain

following SCI was that of pain terminology. Many observant

clinicians over the last century clearly described the pain

that occurred following SCI. For example, an account by

Feiling that was published in the Proceedings of the Royal

Society of Medicine in 1937 very accurately describes the

segmental hyperaesthesia that is often observed acutely in

people with incomplete cervical cord injuries.19

Over time, many clinicians in original articles or book

chapters described the different types of pain that were

associated with SCI. However, the end result was that by the

end of the last century there were nearly as many terms as

publications, with very little agreement about which termi-

nology to use. Although it may seem like a relatively

unimportant semantic issue, it impeded the ability of

clinicians to communicate clearly what sort of pain they

were talking about as well as hindering the design and

application of findings of clinical trials and the interpreta-

tion and translation of a growing number of basic studies

investigating pain mechanisms.

Where are we now?

Fortunately our understanding of pain following SCI has

progressed since the days of Descartes. Basic science has

identified numerous changes that occur in the nervous

system following SCI that may contribute to the develop-

ment of pain. Although not perfect, we have moved forward

in agreeing on pain terminology that has led to enhanced

communication among clinicians and researchers and efforts

continue to refine this further. And although far from

satisfactory, we now have a number of treatments that

provide a proportion of people with some benefit. I will

examine each of these issues in turn but let me start by

looking at the current situation with regard to pain

terminology and classification.

Classification of pain following SCI

As mentioned previously, many different SCI pain classifica-

tion systems can be found in the literature causing confusion

among researchers and clinicians. Some years ago, recogniz-

ing the importance of the problem of pain following SCI, the
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International Association of the Study of Pain (IASP)

established a Spinal Cord Injury Pain Task Force. One of

the aims of the Task Force was to put forward a taxonomy or

classification of SCI pain that would hopefully act as a

starting point in working towards consensus in this area

(Table 1).20 Although adopted fairly widely, this taxonomy

still has limitations and there are ongoing efforts that

involve representatives from not only the IASP but also the

International Spinal Cord Society and the American Spinal

Injury Association to develop a classification system that

builds on existing taxonomies and satisfies the needs of

clinicians and clinical and basic researchers.21,22

Although the terminology differs, current taxonomies

broadly identify at least four major types of pain following

SCI. These are musculoskeletal and visceral pains and two

types of neuropathic pain that appear to be specific to SCI. The

first type of neuropathic pain occurs in a dermatomal or

segmental distribution at the level of injury and is therefore

often referred to as at-level neuropathic pain. The second type

of neuropathic pain occurs in a more diffuse distribution

below the level of neurological injury and is therefore referred

to as below-level neuropathic pain. Some taxonomies have

attempted to take this further and identify subtypes linked to

specific pathology. Although helpful and desirable, particu-

larly in a research setting, in practice this is often difficult and

cumbersome and at present difficult to validate.

Mechanisms of neuropathic pain following SCI

Early studies in the 1950s provided clues as to the possible

underlying contributing pathophysiological factors involved

in neuropathic SCI pain and suggested that the site of the

problem may be in the spinal cord close to the site of

damage. 23,24 Further studies since then have confirmed this

although there is also emerging evidence to suggest that

neuropathic pain may arise from more ‘downstream’

changes in damaged nerve roots as well as ‘upstream’

changes in the brain.

Periphery

The degree to which peripheral changes influence neuro-

pathic SCI pain remains uncertain, particularly in those with

clinically complete injuries. Peripheral generators including

damage to nerve roots at the level of injury may give rise to

pain, particularly in those who have incomplete injuries.

People with clinically complete injuries may have residual

sensory transmission through the cord that is not detectable

using standard physical examination techniques (sometimes

referred to as a ‘sensory discomplete’ lesion).25 In this

subgroup of electrophysiologically incomplete lesions, pain

may be influenced by transmission of nociceptive impulses

arising in the periphery through these residual pathways.

Spinal cord

As mentioned above, some of the earliest investigations into

SCI pain noted that in some people blockade of the spinal

cord using spinal administration of a local anaesthetic

immediately above the level of injury resulted in relief of

pain.23,24 From these observations, it was proposed that

neuropathic SCI pain may be due to the presence of an

‘irritated focus’ or ‘neural pain generator’ that was close to

the rostral end of the SCI. This was supported by the finding

that dorsal horn neurons immediately above the level of SCI

demonstrated abnormal spontaneous neuronal activity.26

More recently, animal and human studies have confirmed

that there are changes in the properties of nerve cells close to

the site of SCI. These changes include increased responsive-

ness to peripheral stimulation, an increase in the level of

background activity and prolonged firing following a

stimulus.27–29 Further studies have demonstrated a number

of changes in neurotransmitters and receptors that may lead

to an increase in excitation or a reduction in inhibition and

result in the change in firing properties of these spinal

neurons. These include changes in N-methyl-D-aspartate

(NMDA), non-NMDA and metabotropic glutamate receptors,

sodium channels, and g-aminobutyric acid (GABA)ergic,

opioid, serotonergic and noradrenergic function. In addi-

tion, SCI results in glial activation and increased cytokine

and prostaglandin release as well as structural reorganization

of inputs in the dorsal horn of the spinal cord (for reviews of

contributing physiological spinal mechanisms see Hains and

Waxman30 and Yezierski31).

Brain mechanisms

Despite the evidence supporting the concept of an ‘irritated

focus’ in the spinal cord close to the site of damage,

neuropathic pain may continue despite removal of a section

of the spinal cord above the level of injury as demonstrated

by Melzack and Loeser.32 This raises the question as to

whether changes in brain structures may also contribute to

the development of pain. A number of studies in animals

and humans have demonstrated brain changes associated

with the presence of neuropathic pain following SCI

although the precise link between these changes and the

development of pain remains a matter of debate. The brain

changes described include alterations in thalamic neuronal

Table 1 Proposed IASP classification of pain following SCI

Broad type Broad system Specific structures/pathology

(Tier 1) (Tier 2) (Tier 3)

Nociceptive Musculoskeletal Bone, joint, muscle trauma
or inflammation
Mechanical instability
Muscle spasm
Secondary overuse syndromes

Visceral Renal calculus, bowel, sphincter
dysfunction, etc.
Dysreflexic headache

Neuropathic Above level Compressive mononeuropathies
Complex regional pain syndromes

At level Nerve root compression (including
cauda equina)
Syringomyelia
Spinal cord trauma/ischemia

Below level Spinal cord trauma/ischemia
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firing,33 expression of sodium channels,34 biochemical

changes35 and changes in thalamic perfusion or activity.36

Recent work by our own group has focused on the

investigation of brain changes associated with neuropathic

pain following SCI. One group of studies has focused on

electrical changes that may contribute to the development of

pain. It has been suggested that neuropathic pain may be

because of abnormal brain rhythms that reflect altered firing

of thalamic and cortical circuits. This was further supported

by our own findings in basic studies of abnormal rhythmic

activity in thalamic neurons following SCI.37 To investigate

this further in clinical studies, we used electroencephalo-

graphy (EEG) to determine whether there was an alteration

in the brain wave activity of people who have SCI and pain.

We found that although people with SCI had alterations in

activity, people with pain and SCI had significant changes

with ‘slowing’ of the EEG activity and a reduction in the

frequency in the a- and y- band.38 This is consistent with the

concept of a thalamocortical dysrhythmia that is associated

with disinhibition and generation of pain in abnormally

functioning brain circuits.

Another set of studies that we have performed has focused

on possible plastic or reorganizational changes in the brain

that may contribute to the development of pain. In a

landmark study, Flor et al.39 demonstrated that neuropathic

pain following amputation was associated with a shift in

cortical representation of the lip towards the denervated

hand region and the degree of shift correlated with pain

intensity. Given the parallels between neuropathic pain

following amputation and SCI, we followed up on this

finding by using functional magnetic resonance imaging to

determine whether there is a shift in cortical representation

of the body region neighbouring the site of deafferentation

in complete paraplegic subjects with neuropathic pain.40

Indeed, this was the case. When the lip, thumb and little

finger were stimulated mechanically, there was a significant

shift in the region of brain activation following stimulation

of the little finger but not the lip or the thumb. Thus, the

region of brain activated following stimulation of the little

finger had shifted towards the region that would normally be

activated following stimulation of the lower part of the body.

Although there was a small shift in subjects with SCI but

without pain, there was statistically significant shift in

subjects with SCI and pain that also correlated with pain

intensity. Although it is difficult to attribute causality, it

clearly demonstrates a link between plastic changes in the

brain and the presence of neuropathic pain following SCI.

Management of neuropathic pain following SCI

General principles

Given the physiological changes described above, the

treatment of neuropathic SCI pain has attempted to address

the abnormalities occurring at peripheral, spinal and brain

levels in the hope that this will abolish or at least

significantly reduce the pain. This article will not attempt

to exhaustively list all current pharmacological interven-

tions and fairly recent reviews of pharmacological treatment

can be found elsewhere.41,42 Instead, it will endeavour to

provide a broad overview of pharmacological and non-

pharmacological treatments based on our current under-

standing of mechanisms.

Surgical approaches

Surgical approaches usually relieve pain by reversing struc-

tural problems. For example, surgery may be used to address

nerve root or peripheral nerve compression, tethering of

nerve roots and syrinx formation. Orthopaedic and neuro-

surgical procedures that stabilize the spine immediately after

trauma and decompress impinged nerve roots can be very

effective at eliminating the pains of instability or nerve root

compression.43 If it is not possible to address a structural

problem, surgical approaches attempt to deal with the pain

by destroying or disconnecting the site of abnormal

neuronal activity.

Several uncontrolled studies have been performed to

examine efficacy of surgical approaches but have produced

variable results. Dorsal root entry zone (DREZ) lesioning is a

procedure that aims to destroy hyperactive nerve cells in the

dorsal horn close to the level of injury. The procedure may

provide relief of neuropathic pain but the reported efficacy

of DREZ lesions varies. Most studies indicate that 50–85%

will obtain good (450%) relief of their pain43–45 with

suggested better results in those with at-level neuropathic

pain.44 Others have suggested that DREZ lesioning guided by

intramedullary recordings of spontaneous and C-fibre

evoked electrical hyperactivity may be effective in relieving

both at- and below-level neuropathic pain.46,47

Cordotomy or cordomyelotomy has been used to a limited

extent and some reports suggest effectiveness in a subgroup

of patients.48,49 Pagni and Canavero49 described three

paraplegic patients treated with cordomyelotomy for the

treatment of neuropathic SCI pain. Two of these had

excellent results after more than 10 years. The use of

cordectomy as a pain-relieving measure is controversial.

Despite reports of alleviation of neuropathic pain in some

patients following transection of the spinal cord at a higher

level,50 a number of reports suggest that even with complete

anatomical section of the spinal cord there is either poor or

no relief of below-level neuropathic pain.23,32,48

Pharmacological options

As described previously, pain may be very broadly attribu-

table to increased neuronal excitability. This increased

excitability may be due to either an enhancement of

excitatory mechanisms or a loss or reduction in inhibition.

Agents such as local anaesthetics and NMDA antagonists aim

to reduce the abnormal excitability associated with aberrant

sodium channel or NMDA receptor function. Drugs such as

opioids, antiepileptics and antidepressant medications often

act by increasing inhibitory mechanisms although many

antiepileptics and tricyclic antidepressants are broadspec-

trum agents with wide modes of action that may both

increase inhibition and decrease excitation. Unfortunately,

despite the large number of drugs available, adequate pain

control is often difficult to achieve. Most studies indicate
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that the best available medications will only provide around

one-third of people with a 50% reduction in their pain.

Local anaesthetics may be helpful and parenteral admin-

istration of the sodium channel blocker lidocaine has been

shown to be effective in the treatment of neuropathic pain

following SCI.51–54 However, parenteral administration is

generally not practical as an ongoing treatment and

unfortunately no orally available sodium channel blocker

appears to be consistently effective. Mexiletine, an oral

congener of lidocaine, was found to be no better than

placebo in a controlled trial.55 The NMDA receptor is

another target for increased excitability and parenteral

administration of the NMDA receptor antagonist ketamine

was demonstrated to be more effective than placebo in

reducing below-level neuropathic SCI pain.56 However, as

with lidocaine, long-term administration remains a problem

and there are no oral alternatives that have been demon-

strated to be beneficial.

Although opioids are sometimes regarded as relatively

ineffective for the treatment of neuropathic pain, there is

reasonably strong evidence to indicate the ability of opioids

to produce a significant reduction in neuropathic SCI pain.

Two randomized controlled trials involving intravenous

morphine57 and alfentanil56 have been conducted that

demonstrated a significant reduction in neuropathic pain

following SCI. However these responses using parenteral

agents are short term and parenteral opioid administration is

not suitable for long-term management. The evidence for

use of specific oral or transdermal opioids in the treatment of

neuropathic SCI pain is very limited and side effects such as

constipation as well as tolerance and dependence are major

problems.

Antiepileptic drugs are widely used in the treatment of

neuropathic SCI pain. Both valproate and carbamazepine

have been used for some time. Although subject numbers

were small, the only published controlled trial using

valproate failed to demonstrate any significant difference

from placebo.58 The evidence to support the use of carbama-

zepine is also very limited. More recently, gabapentin has

entered into widespread clinical use with anecdotal evidence

to support its use. However, specific evidence for effectiveness

in the treatment of neuropathic SCI pain is relatively slim

and confined to small studies59–61 with a recent randomized

controlled trial failing to find any significant benefit from

gabapentin.62 Pregabalin is a newer anticonvulsant that has

the same mode of action as gabapentin. Evidence from one

fairly large trial and one smaller trial provide specific support

for its effectiveness in the treatment of neuropathic pain

following SCI.63,64 Several of the newer antiepileptics includ-

ing lamotrigine and topiramate have been used and trialled

in neuropathic SCI pain but evidence is weak with a negative

outcome for lamotrigine (except for a subgroup with

incomplete injuries)65 and a positive outcome for topiramate

but in a small study.66

Like antiepileptics, tricyclic antidepressants are widely

used in the management of neuropathic pain conditions

but with little direct evidence for effectiveness in the

treatment of neuropathic SCI pain. One controlled study

with amitriptyline treating a group of people with both

musculoskeletal and neuropathic SCI pain found no sig-

nificant benefit over placebo.67 Another randomized con-

trolled study found a significant benefit in those with

neuropathic SCI pain but only in a subgroup with higher

scores for depression.62 The serotonin reuptake inhibitor and

5-HT receptor antagonist, trazodone, has been shown in one

randomized controlled trial to be no better than placebo.68

There is anecdotal evidence to support the use of mixed

serotonin and noradrenaline reuptake inhibitors such as

venlafaxine and duloxetine but, as yet, there are no

controlled trials.

If oral administration fails to provide adequate analgesia,

spinal drug administration may be considered. Evidence of

efficacy is confined to case series and limited controlled

trials. The approach is invasive and should not be considered

until more conservative measures have been thoroughly

trialled. Combined intrathecal administration of morphine

and clonidine was found to produce a short-term reduction

in pain in a group of people with neuropathic SCI pain.69

Intrathecal baclofen is effective in managing spasticity and

spasm-related pain secondary to SCI. However, the effect of

baclofen on neuropathic SCI pain is less clear with conflict-

ing results in controlled trials.70 Spinal anaesthesia with

subarachnoid lidocaine may also provide analgesia in SCI

neuropathic pain. However, the effect of spinal anaesthesia is

of course only temporary, limiting its clinical usefulness.

Neurostimulation

Neurostimulation techniques such as transcutaneous elec-

trical nerve stimulation (TENS) and acupuncture may be

effective for some people with neuropathic pain.71 However

positive evidence of efficacy is limited, particularly with

below-level neuropathic pain.72,73 Other neurostimulation

techniques are very invasive with limited evidence of

efficacy. Spinal cord stimulation may provide relief although

a greater effect is obtained in those with at-level neuropathic

pain and incomplete lesions.74 Deep brain stimulation is

highly invasive and does not seem to provide long-term pain

relief in SCI pain.75 Transcranial and epidural motor cortex

stimulation have been tested in a few SCI pain patients with

varying results.76 A recent study using transcranial direct

current stimulation demonstrated a short-term but signifi-

cant reduction in pain following a 5-day treatment trial and

suggests the possibility of an alternative effective non-

invasive approach.77

Psychological and environmental management

A variety of approaches are available for managing psycho-

logical and environmental contributors to pain and distress.

Pharmacological strategies such as anxiolytic and antide-

pressant therapy and non-pharmacological strategies such as

cognitive behavioural therapy may be used.78,79 The effec-

tiveness of a cognitive behavioural approach in the manage-

ment of neuropathic SCI pain has been examined with

significant improvements in mood although not pain.79

Other approaches such as relaxation and desensitization

techniques may also be of benefit.

An interesting avenue that has emerged recently is the use

of movement imagery to modify neuropathic SCI pain. In
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one study that used a visual illusion of walking, a significant

reduction in neuropathic pain was noted in people following

cauda equina injury.80 However, these positive results need

to be balanced against a study of our own in which imagined

ankle movements following complete SCI resulted in an

increase in pain and unpleasant phantom sensations.81 The

reason for the difference in findings is still uncertain but may

be because of differences in the level and completeness of

injury, with the positive responders having incomplete

cauda equina injuries. Nevertheless, the use of cognitive

strategies such as movement imagery presents an interesting

possible alternative approach and may be helpful in a certain

subgroup of patients.

Looking ahead

What does the future hold for the treatment of pain

following SCI and particularly neuropathic SCI pain where

we currently have so few options? The mechanisms de-

scribed above suggest the possibility of various approaches

that may be beneficial. As described, we have now identified

specific physiological changes that may be amenable to

treatment with more selective and effective agents. One of

the problems with current pharmacotherapy is that agents

are either ineffective or have unacceptable side effects.

However, a number of pharmacological targets have been

identified recently that present possible sites for effective

intervention using novel therapeutic agents with an im-

proved side effect profile. For example, the discovery of the

importance of sodium channels in the development of

neuropathic pain, including neuropathic SCI pain, suggests

that sodium channel blocking agents may be effective. The

use of agents such as mexiletine has been disappointing with

limited evidence of effectiveness. However, the discovery of

the upregulation of specific sodium channel subtypes and

the concerted effort that is now being focused on the

development of specific subtype blockers offers the hope of

therapeutic effect without the side effects associated with

non-selective agents. These or other agents with high

efficacy and high selectivity offer hope for the development

of drugs that are both effective and well tolerated.

Neurostimulation provides another possible non-pharma-

cological approach to the treatment of neuropathic SCI pain.

Peripheral stimulation techniques such as TENS and acu-

puncture have enjoyed only moderate success in reducing

pain and central stimulation techniques such as deep brain

stimulation and epidural motor cortex stimulation are

highly invasive with relatively poor long-term outcomes.

However, the promising results of the trial by Fregni et al.77

using low-amplitude, direct current stimulation suggest the

potential benefit of stimulation of the cortex using a non-

invasive approach. Further studies evaluating long-term

outcomes will be very valuable in determining whether this

presents an effective and sustained approach to the relief of

neuropathic SCI pain. It also provides further support for the

use of other non-invasive neurostimulation techniques such

as transcutaneous magnetic stimulation, another potential

approach that is yet to be fully explored.

Lastly, we are only just beginning to uncover the power of

the mind and its ability to modulate pain. It has long been

known that people with neuropathic pain following SCI

often report substantial relief of pain with distraction or

focusing on an absorbing task. As described above, it appears

that SCI pain is associated with central changes including

alterations in neuronal firing in brain structures and

neuroplastic changes. Recent studies clearly demonstrate

that neuropathic pain can be modified using cognitive

approaches such as movement imagery, visual illusions or

sensory discrimination training. These techniques may act

by modifying central processes involved in pain perception.

We still have little information regarding the mechanisms,

the specific types of pain that may respond to these

interventions and the specific components of these tasks

that produce an effect. However, there is a tantalizing

suggestion that approaches such as movement imagery,

visual illusions or biofeedback using EEG or real time fMRI

may be powerful tools that can be further developed and

refined to attain a significant reduction in pain.
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