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Phantom-limb pain is a common sequela of amputation,
occurring in up to 80% of people who undergo the
procedure. It must be differentiated from non-painful
phantom phenomena, residual-limb pain, and non-painful
residual-limb phenomena. Central changes seem to be a
major determinant of phantom-limb pain; however,
peripheral and psychological factors may contribute to it.
A comprehensive model of phantom-limb pain is
presented that assigns major roles to pain occurring
before the amputation and to central as well as peripheral
changes related to it. So far, few mechanism-based
treatments for phantom-limb pain have been proposed.
Most published reports are based on anecdotal evidence.
Interventions targeting central changes seem promising.
The prevention of phantom-limb pain by peripheral
analgesia has not yielded consistent results. Additional
measures that reverse or prevent the formation of central
memory processes might be more effective.

Lancet Neurology 2002: 1: 182–89

The amputation of a limb is commonly followed by the
sensation that the deafferented body part is still present.
These non-painful phantom sensations may include a
specific position, shape, or movement of the phantom,
feelings of warmth or cold, itching, tingling, or electric
sensations, and other paraesthesias.1 Pain in the body part
that is no longer present occurs in 50–80% of all amputees.2

The term phantom-limb pain was coined for this sensation
by Mitchell in 1872.3 Ambroise Paré had postulated in 1552
that peripheral factors as well as a central pain memory
might be causing phantom-limb pain and was the first to
describe the phenomenon.4 Pain may be related to a certain
position or movement of the phantom and may be elicited
or exacerbated by a range of physical factors (eg, changes in
weather or pressure on the residual limb) and psychological
factors (eg, emotional stress). It seems to be more intense in
the distal portions of the phantom and can have several
different qualities, such as stabbing, throbbing, burning, or
cramping. Although older studies cited smaller prevalence
rates, they probably did not assess the true occurrence of the
sensation, because patients can be reluctant to admit pain in
a part of the body that is no longer present for fear of being
thought mentally disturbed.

Phantom-limb pain is commonly confused with pain in
the area adjacent to the amputated body part.5 Such pain is
referred to as residual-limb or stump pain, and it is
positively associated with phantom-limb pain in most cases.6

The residual limb may also be the site of non-painful

phenomena, such as tingling, itching, cramping, or
involuntary movements. Furthermore, post-amputation
pain at the site of the wound must be distinguished from
pain in the residual limb and in the phantom limb, which
may all occur together in the early phase after amputation.
Finally, assessment of acute and chronic pain before
amputation may be useful; these symptoms are related to the
frequency, type, and severity of phantom-limb pain in the
phase after amputation in varying proportions of the
amputee population.7

Clinical characteristics
Phantom-limb pain is commonly classified as neuropathic,
and it is assumed to be related to damage of central or
peripheral neurons. Although such pain is most common
after the amputation of an arm or leg, it can also occur after
the surgical removal of other body parts such as breast,
rectum, penis, testicles, eye, tongue, or teeth. Lesions of 
the peripheral nerves or the central nervous system 
(eg, brachial-plexus avulsion or paraplegia) can also cause
phantom-limb pain. It seems to be more likely if the
individual had chronic pain before the amputation and is
less likely if the amputation was done when the individual
was very young. Older children have been reported to have a
high frequency of phantom-limb pain,8,9 but studies based
on questionnaire data are especially difficult in children.
Although phantom sensations seem to occur in individuals
born without a limb, pain in the missing limb seems to be
very rare in these circumstances.10,11 The long-term course of
phantom-limb pain is unclear. Some researchers have
reported a slight decline in the proportion of patients
affected over the course of several years after surgery,7 but
others have described high rates also in long-term
amputees.1 Commonly, the pain in the phantom is similar to
the pain felt in the limb before amputation.7,12 The reported
proportion ranges from 10% to 79%,7,12 depending on the
type and time of assessment. As Nikolajsen and colleagues
have pointed out,13 the type of assessment and potential
errors in retrospective reports are important determinants
of the frequency of these “pain memories”. There have been
some reports that phantom-limb pain is more frequent in
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female than male amputees, but other studies did not
confirm these findings.1,14 The small sample sizes of some
studies preclude the detection of significant differences
between groups.

About 30% of people with amputations report the
feeling of telescoping—ie, the retraction of the phantom
towards the residual limb and in many cases the
disappearance of the phantom into the limb, which may be
accompanied by a shrinking of the limb. Telescoping was
long assumed to be an adaptive process negatively associated
with phantom-limb pain, and as such an expression of
changes in the central nervous system that were
beneficial.15,16 However, recent evidence suggests that central
changes, phantom-limb pain, and telescoping are positively
related6,17—ie, that telescoping is associated with more rather
than less phantom-limb pain. Many patients with phantom-
limb pain also report sensations that are referred to the
phantom when skin areas adjacent to, but also far removed
from, the amputated limb are stimulated, with a point-to-
point correspondence between stimulation sites and
sensations in the phantom.18 However, in most cases,
referred sensations lack this topographic correspondence.17,19

Previous studies have also reported increased perceptual
acuity of the residual limb as assessed by two-point
discrimination, and lower perception and pain thresholds
than in the contralateral limb.20 These changes in sensory
perception were also thought to be positively related to the
feeling of telescoping. More recent studies, however, could
not confirm this relation and have questioned the
assumption that stump perceptual acuity is a correlate of
central changes related to the experience of a phantom.17,21

Aetiology of phantom-limb pain
Both peripheral and central factors have been discussed as
determinants of phantom-limb pain. Psychological factors
do not seem to contribute to the causation but may instead
affect the course and the severity of the pain.5,22 The general
view now is that many changes along the neuraxis contribute
to the experience of phantom-limb pain.

Central factors
Anecdotal evidence in human amputees suggests that spinal
mechanisms have a role in phantom-limb pain. For example,
during spinal anaesthesia, phantom pains have been reported
by patients who have never experienced phantom pain.2

Experimental data in human amputees are lacking, however,
and most of the evidence in animals is based on models of
partial nerve injury. Increased activity of peripheral
nociceptors leads to a permanent change in the synaptic
structure of the dorsal horn in the spinal cord, a process called
central sensitisation.23 This process is characterised by
increased excitability of the dorsal-horn neurons, reduction of
inhibitory processes, and structural changes at the central
nerve endings of the primary sensory neurons, the
interneurons, and the projection neurons. This central
sensitisation is mediated by the NMDA receptor and its
transmitter glutamate.24 Possible mechanisms are that low-
threshold afferents become functionally connected to
ascending spinal projection neurons that carry nociceptive

information, or inhibitory interneurons may be destroyed by
rapid discharge from injured tissue leading to a hyperexcitable
spinal cord. Peripheral-nerve injury can lead to degeneration
of C-fibre terminals in lamina II, which may induce sprouting
of A-fibre terminals into this area, where they are normally
not represented (they normally terminate in laminae III and
IV).25 The incoming A-fibre input might then be interpreted
as noxious and could be the anatomical substrate of allodynia.
The loss of input related to deafferentation might also lead to
a general disinhibition of the spinal cord with a reduction in
GABAergic activity and a downregulation of opioid receptors.
In addition, cholecystokinin, an endogenous inhibitor of the
opioid receptor, is upregulated in injured tissue.26 A
mechanism of special relevance to phantom phenomena may
be the invasion of regions of the spinal cord where the
deafferented limb was previously represented. In nerve-
constriction injury, a commonly used animal model for
neuropathic pain, expansion of receptive fields and a shift in
activity from adjacent neurons into the deafferented zone
have been observed.27 These processes may be due to
unmasking of previously silent connections or the sprouting
of new connections. A further observed mechanism is a
“phenotypic switch” in the expression of neuropeptides (such
as substance P). They are normally expressed by nociceptor
primary afferent A� and C fibres but become expressed by A�
fibres after peripheral-nerve injury. Thus, A� afferents can
create the hyperexcitability of the spinal cord that is usually
associated with noxious input.26
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Figure 1. Assessment of reorganisation of the primary somatosensory
cortex in an individual with amputation of the arm and phantom-limb pain.
Neuromagnetic source imaging was used to define the localisation of the
hand and mouth regions on the cortical hemisphere contralateral to the
intact side and of the mouth region on the hemisphere contralateral to the
amputation side. Magnetic fields evoked by pneumatic stimulation of the
fingers of the intact side and the corner of the mouth on both sides were
integrated with structural magnetic resonance images. The localisation of
the intact hand was then transposed to the side contralateral to the
amputation (with the assumption of a symmetrical localisation of the
somatosensory homunculus) to assess where the former hand region was
localised. The mouth representation on the amputated side has
completely invaded the hand region. The amount of shift can be identified
by calculating the Euclidean distance between the mouth and the hand
region. The larger this distance (red arrow) the greater the cortical
reorganisation.
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Supraspinal changes related to phantom-limb pain
involve the brainstem, the thalamus, and the cortex.28

Melzack29 suggested that there is a neuromatrix—ie, a
network of neurons in several brain areas including the
thalamus and somatosensory cortex, the reticular formation,
the limbic system, and the posterior parietal cortex—that are
the anatomical substrate of the self. The output from this
system forms a neurosignature, which is specific for an
individual and provides information about the body and its
sensations. This neuromatrix is thought to be genetically
determined but also modified by experience. An amputation
would create abnormal input into the neuromatrix owing to
a lack of normal sensory activity or overactivity related to the
abnormal firing pattern of damaged nerves. This input
would lead to an altered neurosignature and the experience
of a phantom. The neuromatrix theory is difficult to test
because it involves many brain areas and is not specific. It
also does not explain why some individuals with
amputations develop phantom-limb pain whereas others
remain free of pain. Nevertheless, the brain areas cited as
part of the neuromatrix are importantly involved in the
experience of phantom limbs and phantom-limb pain.

New insights into phantom-limb pain have come from
studies that showed changes in the functional and structural
architecture of primary somatosensory cortex after
amputation and deafferentation in adult monkeys. Changes
in the sensory and motor maps were previously thought to
occur only during a limited time during the development of
the organism. In these studies, the amputation of digits of an
adult owl monkey led to an invasion of adjacent areas into
the representation zone of the deafferented fingers.30

Whereas this type of reorganisational change spanned a
distance of several millimetres, recordings from the
somatosensory cortex of monkeys who had undergone
dorsal rhizotomy 12 years earlier showed reorganisational
changes (invasion of the mouth and chin area into the
deafferented arm and hand area) on a scale of several
centimetres.31 Subsequently, Ramachandran and co-
workers18 noted that, in people with arm or hand
amputations, sensations in the phantom could be elicited by
stimulating the face ipsilateral to the amputation with a
point-to-point correspondence between stimulation sites on
the face and phantom sensations. They postulated that
reorganisation of the somatosensory cortex might be the
basis of this process. Several imaging studies18,32,33 have
reported that people with arm or hand amputations actually
show a shift of the mouth into the hand representation in
primary somatosensory cortex (figure 1). We provided
evidence that these cortical changes are related less to
referred sensations but have a close association with
phantom-limb pain.32 The larger the shift of the 
mouth representation into the zone that formerly
represented the amputated hand and arm, the greater the
phantom-limb pain.

These cortical changes can be reversed by the
elimination of peripheral input from the amputation stump
by means of brachial-plexus anaesthesia. Peripheral
anaesthesia completely eliminated cortical reorganisation
and phantom-limb pain in three of six patients in one study;

in the remaining three, both cortical reorganisation and
phantom-limb pain remained unchanged.33 This result
suggests that in some individuals cortical reorganisation and
phantom-limb pain may be maintained by peripheral input,
whereas in others central, possibly intracortical, changes
seem to be more important. The extent to which spinal
changes contribute to these supraspinal alterations is so far
not known. Axonal sprouting in the cortex underlies the
reorganisational changes observed in amputated monkeys,34

whereas thalamic reorganisation occurs after lesions close to
the dorsal horn and is then relayed to the cortex.35 This type
of cortical reorganisation is present in both the
somatosensory and the motor cortex.36,37 For example, lip
movements led to activation of the area where the
amputated hand and arm were formerly represented in
patients with phantom-limb pain but not in amputees
without pain (figure 2). However, reorganisation of the
motor system was limited to the cortex; spinal changes were
not observed.38

Thalamic stimulation and recordings in human
amputees have shown that reorganisational changes also
occur at the thalamic level and are closely related to the
perception of phantom limbs and phantom-limb pain.39

Studies in animals have shown that these changes can be
relayed from the spinal and brainstem level,28 but changes on
the subcortical levels may also originate in the cortex, which
has strong efferent connections to the thalamus and 
lower structures.40

Peripheral factors
Peripheral changes, such as nociceptive input from the
residual limb, have been viewed as an important
determinant of phantom-limb pain. This idea is supported
by the moderately high correlation between residual-limb
and phantom-limb pain. Ectopic discharge from a stump
neuroma has been postulated as one important peripheral
mechanism.41 When peripheral nerves are cut or injured,
regenerative sprouting of the injured axon occurs. In this
process, a neuroma in the residual limb may be formed—ie,
enlarged and disorganised endings of C fibres and
demyelinated A fibres that show an increased rate of
spontaneous activity. Mechanical and chemical stimulation
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Figure 2. Reorganisation in primary somatosensory and motor cortex in
patients who had had unilateral arm amputation with phantom-limb pain
(left) and without phantom-limb pain (middle), and in a healthy control.
The participants had to pucker their lips at a metronome-paced speed
while functional magnetic resonance images were taken. Only in
amputees with phantom-limb pain did a shift of the mouth representation
into the hand representation occur; those without pain and the healthy
control do not display a similar shift.
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further increase the rate of discharge, which seems to be
mainly related to ectopia (neuronal discharge that is
generated along the axon or in the soma). These ectopic
discharges have been related to stimulation of the stump (by
pressure or cold), but they can also occur spontaneously as a
consequence of nerve injury and seem to be a result of the
upregulation or novel expression of sodium channels.42 In
addition, non-functional connections between axons
(ephapses) may contribute to this spontaneous activity.
However, phantom-limb pain is present in many patients
immediately after amputation before a neuroma could have
formed. Moreover, local anaesthesia of the stump does not
eliminate phantom-limb pain in all cases.33

Computer models of deafferentation and related
processes have suggested that peripheral factors can increase
central reorganisation of neuronal networks. Thus,
abnormal noise-like input that might originate from a
neuroma in the residual limb greatly increases the amount
of central map reorganisation,43 thus indicating that
peripheral and central factors may interact to create the
experience of phantom-limb pain.

A further site of ectopic discharge may be the dorsal root
ganglion (DRG). Ectopia in the DRG can amplify discharge
coming from the residual limb or can lead to cross-
excitation and instigate the depolarisation of neighbouring
neurons.44 In human beings, an anaesthetic block of a
neuroma eliminated nerve activity related to the stimulation
of the stump but not spontaneous activity, which may be
originating in the DRG (figure 3).45 Sympathetic discharge,
which can also be caused by emotional distress, may lead to
increased amounts of circulating epinephrine, which can
trigger and exacerbate neuronal activity from neuroma.46 If a
phantom-pain-eliciting neuroma develops, the pain depends
on the nerve that is involved, where it was cut, and the state
of the neuron after injury. In addition, factors such as
temperature, oxygenation, and local inflammation may have
roles.45 There is also evidence for genetic factors in the
predisposition to neuropathic pain. For example, Seltzer and
colleagues47 suggested several candidate genes on
chromosome 15 that could be involved in the autotomy that
follows peripheral neurectomy in rodents, which has long
been considered a valid animal model for phantom-limb
pain.48 In human beings, however, anecdotal evidence from a
family of amputees showed very diverse phantom
phenomena despite a close familial relationship.49

The role of the sympathetic nervous system in animal
models of neuropathic pain such as constriction injury or
autotomy has been well documented,44 but research on its
role in phantom-limb pain is scarce. The mechanisms that
have been discussed are sympathetically triggered ephaptic
transmission, sympathetic activation of nociceptors, and
activation of low-threshold mechanoreceptors that trigger
sensitised spinal-cord neurons. In addition to sympathetic-
sensory coupling in the periphery (neuroma), sympathetic-
sensory coupling also occurs at the DRG.

The sympathetic maintenance of some types of
phantom-limb pain has been supported by evidence that
�-adrenergic blocking agents or temporary or surgical
blockade of sympathetic activation can reduce phantom-

limb pain. Injections of epinephrine lead to an increase in
phantom-limb pain and paraesthesias in some amputees.50

Although sympathetically maintained pain does not
necessarily covary with regional sympathetic abnormalities,
sympathetic dysregulation in the residual limb is apparent in
some patients. Reduced near-surface blood flow to a limb
has been implicated as a predictive physiological correlate of
burning phantom-limb pain.51 Onset and intensity of
cramping and squeezing descriptions of phantom pain have
been related to muscle tension in the residual limb. Changes
in surface electromyographic representations of muscle
tension in the residual limb precede changes in cramping
and squeezing phantom pain by up to a few seconds.52 This
relation seems not to hold for any other descriptions of
phantom pain.

Peripheral factors alone cannot, however, be the primary
factor in the occurrence of phantom-limb pain. Pain is
present even if there are no pathological features in the
residual limb. It commonly starts immediately after the
amputation, and anaesthetic blocks do not uniformly
eliminate phantom-limb pain or they eliminate it for a
period that clearly exceeds the time the block can be active.
These findings suggest that peripheral factors may be of
varying importance in the causation and modulation of
phantom-limb pain, and that central factors must also play a
part. Furthermore, there are also likely to be subgroups of
patients with distinct and differentiatable abnormalities.53

Psychological factors
There has been an assumption that phantom limbs and pain
are related to unresolved grief over the loss of the limb and
may be a psychosomatic manifestation of a premorbid
personality. The idea that phantom-limb pain “is just in the
head” of the patient is still prevalent and may contribute to
the large divergence in reported incidence and prevalence.
Empirical studies on psychological characteristics of patients
who have phantom-limb pain and controls show that these
patients tend to have normal psychological profiles.22
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Figure 3. A microelectrode recording from a skin nerve fascicle (in the
median nerve at the wrist) in a patient with phantom pain in the hand and
fingers after hand amputation. Taps on the stump neuroma could
increase phantom pain. (a) shows spontaneous impulse activity in the
nerve fascicle before (left) and after (right) lidocaine block. Spontaneous
phantom-limb pain was also uninfluenced. (b) shows the effects of
lidocaine on neural impulses evoked by taps on the neuroma before (left)
and after (right) lidocaine block. Both tap-evoked activity and the
associated increase in phantom pain were eliminated after the block
(right). Reproduced with the permission of Elsevier Science.45
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Phantom-limb pain is, however, triggered and exacerbated
by psychological factors. Longitudinal diary studies showed
that there is a significant relation between stress and the
onset and exacerbation of episodes of phantom-limb pain,
probably mediated by activity in the sympathetic nervous
system and increases in muscle tension.54 Cognitive factors
also play a part in the modulation of phantom-limb pain;
patients who lack coping strategies and fear the worst when
confronted with episodes of pain are more affected by the
pain and report more interference than patients who cope
well with their problem.55 Psychological variables before the
amputation are also predictive of phantom-limb pain.
Patients who received less support before the amputation
tend to report more phantom-limb pain.56

A model of phantom-limb pain
The determinants of phantom-limb pain include both
peripheral and central factors, and we can assume that pain
memories established before the amputation are powerful
elicitors of phantom-limb pain. The original assumption of a
somatosensory pain memory, as noted by Katz and
Melzack,12 was based on findings that many amputees report
pain similar in both quality and location to that experienced
before the amputation. However, Jensen and colleagues2,7,13

have noted that these explicit memories of preamputation
pain are rare and of less importance in chronic phantom-
limb pain. Pain memories are, however, more likely to be
implicit and not readily accessible to conscious recollection.
The term implicit pain memory refers to central changes
related to nociceptive input that lead to subsequent altered
processing of the somatosensory system and do not require
changes in conscious processing of the pain experience. 

In patients with chronic back pain, increasing duration
of pain is correlated with an increase of the representation
zone of the back in primary somatosensory cortex;57 the
experience of acute pain alters the map in the primary
somatosensory cortex.58 These findings suggest that long-
lasting noxious input may lead to long-term changes at the
central level, and especially at the cortical level. The primary

somatosensory cortex is known to be involved in the
processing of pain, and it may be important for the sensory-
discriminative features of the pain experience.59 There have
also been reports that phantom-limb pain was abolished
after the surgical removal of parts of the
primary somatosensory cortex and that stimulation of
somatosensory cortex evoked phantom-limb pain.60,61 If
a somatosensory pain memory has been established with an
important neural correlate in spinal and supraspinal
structures, such as in primary somatosensory cortex,
subsequent deafferentation and an invasion of the
amputation zone by neighbouring input may preferentially
activate cortical neurons coding for pain. Since the cortical
area coding input from the periphery seems to stay assigned
to the original zone of input, the activation in the cortical
zone representing the amputated limb is referred to this
limb and the activation is interpreted as phantom sensation
and phantom-limb pain. Figure 4 summarises these
changes assumed to take place in patients with phantom-
limb pain. A likely scenario is not only that the areas
involved in sensory-discriminative features of pain
reorganise but also that those areas mediating affective-
motivational features of pain, such as the insula and the
anterior cingulate cortex, undergo plastic changes that
contribute to the experience of phantom pain.62 The
importance of sensitisation before amputation was
confirmed by Nikolajsen and colleagues,63 who reported a
close association between mechanical sensitivity before
amputation and early phantom-limb pain. However, the
researchers tested only thresholds and not sensitisation.
Further research is needed to clarify these relations.

Treatment of phantom-limb pain
Several studies, including large surveys of patients with
amputations, have shown that most treatments for
phantom-limb pain are ineffective and do not take account
of the mechanisms underlying the production of the pain.64

Most studies have been uncontrolled short-term
assessments of small samples of patients. A maximum
benefit of about 30% has been reported from treatments
such as local anaesthesia, sympathectomy, dorsal-root
entry-zone lesions, cordotomy and rhizotomy,
neurostimulation methods, or pharmacological
interventions such as anticonvulsants, barbiturates,
antidepressants, neuroleptics, and muscle relaxants.53,64 This
proportion does not exceed the placebo effect reported in
other studies. The panel summarises currently available
treatments for phantom-limb pain and indicates the extent
to which controlled studies have been done.

Many pharmacological interventions have been tried.
Although tricyclic antidepressants and sodium-channel
blockers are treatments of choice for neuropathic pain,65

there have been no controlled studies of these agents for
phantom-limb pain. Controlled studies have been done only
for opioids,66 calcitonin,67 and ketamine;68 all effectively
reduce phantom-limb pain. Memantine, another NMDA-
receptor antagonist, was not effective, however,69 despite the
finding from animal studies that cortical reorganisation can
be prevented and reversed by the use of such agents or
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Long-lasting noxious input to the limb

Development of a cortical pain memory
Enhanced excitability

Amputation

Reorganisation of the amputation zone
in somatosensory cortex

• Selective loss of C fibres
• Random input from stump neuroma
• Abnormal changes in the dorsal root 
   ganglion and dorsal horn
• Sympathetic activation

Figure 4. Schematic diagram incorporating the main factors thought to be
relevant for the development of phantom-limb pain.



For personal use. Only reproduce with permission from The Lancet Publishing Group.

THE LANCET Neurology Vol 1  July 2002    http://neurology.thelancet.com 187

GABA agonists.70 In one controlled study, transcutaneous
nerve stimulation (TENS) had a small effect on phantom-
limb pain.71

Mechanism-based treatments are rare, but a few small
and mostly uncontrolled studies have shown they are
effective. Lidocaine decreased phantom-limb pain of patients
with neuromas in two small controlled studies.72,73

Biofeedback treatments resulting in vasodilatation or
decreased muscle tension in the residual limb help to reduce
phantom-limb pain and seem promising in patients in whom
peripheral factors contribute to the pain.74 Findings from
neuroelectric and neuromagnetic source imaging suggest that
changes in cortical reorganisation might influence phantom-
limb pain. Animal work on stimulation-induced plasticity
suggests that extensive behaviourally relevant (but not
passive) stimulation of a body part leads to an expansion of
its representation zone.75 Thus, the use of a myoelectric
prosthesis might be one way to influence phantom-limb
pain. Intensive use of a myoelectric prosthesis was positively
associated with both less phantom-limb pain and less cortical

reorganisation.37 When cortical reorganisation was controlled
for, the relation between prosthesis use and decreased
phantom-limb pain was no longer significant; thus, cortical
reorganisation seems to mediate this association. Another
approach in patients for whom prosthesis use is not
practicable is the use of behaviourally relevant stimulation. A
2-week training course that consisted of discrimination
training of electric stimuli to the stump for 2 h per day led to
significant improvements in phantom-limb pain and a
significant reversal of cortical reorganisation.76 A control
group of patients who received standard medical treatment
and general psychological counselling during this period did
not show these changes in cortical reorganisation or
phantom-limb pain (figure 5). The basic idea of the
treatment was to provide input into the amputation zone and
thus undo the reorganisational changes that occurred after
the amputation. A recent study has confirmed these findings
with a similar protocol.77 Ramachandran and Rogers-
Ramachandran78 described another behaviourally oriented
approach: a mirror was placed in a box, and the patient
inserted his or her intact arm and the residual limb. He or she
was then asked to look at the mirror image of the intact arm,
which is perceived as an intact hand where the phantom used
to be, and to make symmetrical movements with both hands,
thus suggesting real movement from the lost arm to the
brain. This procedure seems to re-establish control over the
phantom limb and to alleviate pain in some patients,
although controlled data are lacking.

Owing to the paucity of controlled studies, a reasonable
approach is to base the treatment of phantom pain on
recommendations for neuropathic pain in general, such as
antidepressant medication and calcium-channel blockers
including carbamazepine.65 Opioids, calcitonin, ketamine,
TENS, and sensory discrimination training can also be used.

Prevention of phantom-limb pain
Katz and Melzack12 emphasised that there are somatosensory
pain memories that may be revived after an amputation and
lead to phantom-limb pain. They also noted that implicit
and explicit memory components can be differentiated, and
that both contribute to the experience of phantom limbs and
phantom-limb pain. They therefore suggested that both
memory components need to be targeted in trials of
analgesic treatment aiming to prevent the onset of phantom-
limb pain—ie, that both general and spinal anaesthesia are
needed.

Pre-emptive analgesia refers to the attempt to prevent
chronic pain by early intervention before acute pain occurs,
for example before and during surgery. Findings on
sensitisation of spinal neurons by afferent barrage have
suggested that general anaesthesia should be complemented
by peripheral anaesthesia, thus preventing peripheral
nociceptive input from reaching the spinal cord and higher
centres. However, pre-emptive analgesia that included both
general and spinal anaesthesia has not been consistently
effective in preventing the onset of phantom-limb pain.
Whereas several studies have reported a reduction of the
proportion of patients with phantom-limb pain when
additional epidural anaesthesia was used before and during
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Commonly used treatments for phantom-limb pain

Pharmacological
Conventional analgesics
Opioids*
�-blockers
Neuroleptics
Anticonvulsants
NMDA-receptor antagonists
Ketamine*
Memantine†
Antidepressants
Barbiturates
Muscle relaxants

Surgical
Stump revision
Neurectomy
Sympathectomy
Rhizotomy
Cordotomy
Tractotomy
Dorsal column stimulation
Deep brain stimulation

Anaesthetic
Nerve blocks
Epidural blockade
Sympathetic block
Local anaesthesia
Lidocaine*

Psychological
Electromyographic biofeedback
Temperature biofeedback
Cognitive-behavioural pain management
Sensory discrimination training*
Hypnosis

Other
Transcutaneous nerve stimulation (TENS)*
Acupuncture
Physiotherapy
Ultrasound
Manipulation
Prosthesis training

*At least one controlled study with a positive effect on phantom-limb pain has been

done. †A controlled study with a negative effect on phantom-limb pain has been done.
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surgery, one recent controlled study found no beneficial
effect on phantom-limb pain.79 A pre-existing pain memory
that has already led to central and especially cortical changes
would not necessarily be affected by a short-term
elimination of afferent barrage. Thus, peripheral analgesia
might be able to eliminate new but not pre-existing central
changes in the perioperative phase. Here, NMDA
antagonists and GABA agonists might be beneficial to
prevent both central reorganisation and phantom-limb pain.
In a recent study, the NMDA-receptor antagonist
memantine was compared with placebo in addition to

brachial-plexus anaesthesia in patients undergoing
traumatic amputations of individual fingers or a hand.80 In
this placebo-controlled double-blind randomised study, the
incidence of phantom limb pain was significantly reduced in
the memantine group (20%) compared with the placebo
group (72%) at 1 year after surgery. 

Future developments
Both peripheral and central factors and their interaction
need to be examined more closely in animal models of
amputation-related pain and in human beings with
amputations. The role of spinal mechanisms has so far been
insufficiently elucidated. The detection of genes relevant for
the development of phantom-pain-like behaviours in
animals is an important step and may aid in the
identification of predisposing factors for phantom-limb
pain as well as the development of new interventions. The
development of more powerful treatments for phantom-
limb pain needs controlled treatment outcome, prospective,
and double-blind placebo-controlled trials.
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