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21  • Post-amputation Pain
Stephan a. Schug, gail gilleSpie

School of Medicine and pharmacology, university of Western australia, 
Royal perth hospital, perth, Wa

intRoduction

the phenomenon of pain in a missing limb 
has puzzled patients, doctors and the lay 
public for centuries. in the 16th century 
the French military surgeon ambroise paré 
published a medical description of the enig­
matic affliction, while in the 17th century 
the great philosopher Rene descartes looked 
at its potential pathophysiology. the most 
famous ‘first’ description of the condition is 
attributed to the great neurologist charles 
Bell,1 but it was only in the later part of 
19th century, that the uS military surgeon 
Silas Weir Mitchell introduced the term 
‘phantom limb’: ‘There is something almost 
tragical, something ghastly, in the notion of 
these thousands of spirit limbs, haunting as 
many good soldiers, and every now and then 
tormenting them . . .’

We now know that post­amputation 
syndromes can occur with any amputated 
body part apart from limbs e.g. breast, 
tongue, teeth, genitalia and even inner organs 
such as the rectum.2­4

claSSiFication and 
incidence oF poSt­
aMputation pain SyndRoMeS

Following amputation (or deafferentiation 
injury such as brachial plexus avulsion) a 
number of phenomena can develop, which 
require differentiation.

Stump Pain 

Stump pain is pain localized to the site 
of amputation. Stump pain can be acute 
(usually nociceptive) or chronic (usually 
neuropathic). Stump pain is most common 
in the immediate post­operative period.5 the 
overall incidence of chronic stump pain is in 
the range of 45%.6 the incidence of early 
stump pain is increased by the presence 
of severe pre­amputation pain7 and severe 
acute stump pain.8 the cause is unclear 
but probably multifactorial. Stump pain is 
problematic and can interfere with prosthesis 
use.
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Phantom Sensation 

phantom sensation is defined as any sensory 
perception of the missing body part with the 
exclusion of pain. almost all patients who 
have undergone amputation experience such 
phantom sensations.9 these sensations range 
from a vague awareness of the presence of the 
organ via associated paraesthesia to complete 
sensation including size, shape, position, 
temperature and movement.10 phantom 
sensations usually diminish in intensity or 
size over time, but may persist for a long 
time. ‘telescoping’ of the phantom part can 
occur with time such that the phantom limb 
gradually shrinks proximally to approach the 
stump.11 eventually the phantom limb is felt 
to be within the stump itself.

Phantom Limb Pain 

phantom limb pain (plp) is defined as any 
noxious sensory phenomenon of the missing 
limb or organ. the incidence of phantom 
limb pain is estimated to be 60–80% after 
limb amputation.5,6 the pain is independent 
of gender, level or side of amputation.5 
there is, however, a lower incidence among 
children and congenital amputees.12 

pain can be immediate or delayed 
in onset. it is typically intermittent and 
changes with time. typical characteristics of 
phantom limb pain are burning, shooting, 
crushing, throbbing, cramping, aching, 
tingling, boring; often the limb is described 
as being in a hyperextended or otherwise 
unnatural position. the pain usually occurs 
in the distal portion of the missing limb.5 
the incidence of pain may be increased if 
pre­amputation pain was present and may 
then resemble the pre­amputation pain in 
character and localisation.8,13 however, the 
exact relationship between pre­amputation 
pain and plp is not a simple one, especially 
as patients’ pain perceptions alter and may  
be exaggerated with time.5 the incidence  

of phantom pain diminishes with time 
after amputation, as does the frequency 
and intensity, being highest immediately 
following surgery.5

it is important to realise, that the terms 
for noxious syndromes, ‘stump pain’ and 
‘phantom limb pain’, are subjective descriptive 
terms that do not make assumptions on 
differences in pathophysiology. there is, in 
fact, a strong correlation between phantom 
pain and stump pain and they may be inter­
related phenomena.14 all three phenomena 
can co­exist. 7

pathophySiology oF poSt­
aMputation pain SyndRoMeS

the pathophysiology of post­amputation 
pain syndromes is most likely based on 
a combination of peripheral and central 
factors, which interplay subsequent to the 
significant trauma of an amputation.

Peripheral Factors

the following changes occur after peripheral 
nerve injury such as cutting of a nerve:15

1) Sensitization of peripheral nociceptors 
with a decreased threshold to noxious 
stimulation;

2) increased response to supra­threshold 
stimulation;

3) Spontaneous activity of peripheral 
receptors due to sensitisation including 
ectopic pacemaker sites, possibly as a 
result of the increase in sodium channels, 
α­adrenergic channels, calcium channels 
and stretch­activated channels that 
follows nerve injury;

4) Sensitization of non­nociceptive receptors 
to nociceptive impulses. 

these changes contribute to hyperalgesia 
and allodynia in the stump; therefore stump 
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manipulation and revision can worsen pain 
due to repeated deafferentation injuries. the 
dorsal root ganglion may also be the site 
of ectopic neuronal activity subsequent to 
deafferentiation and thereby contributing to 
pain syndromes.

Furthermore, regrowth of severed nerves 
often produces nodules called ‘neuromas’. 
neuronal activity originating from peripheral 
neuromas either spontaneously or in 
response to mechanical, chemical or electrical 
stimulation, may cause increased sensitivity 
of the stump to different stimuli.15

other peripheral factors include increased 
muscle tension in the stump correlated 
with cramping and spasmodic pain and 
decreased blood flow to stump correlates 
with descriptions of phantom pain such as 
burning or tingling. low stump temperature 
correlates with burning pain.

overall, while physical stimulation of the 
stump may accentuate phantom limb pain, 
current evidence suggests that peripheral 
mechanisms do not cause, but at most 
modulate or perpetuate phantom limb pain. 

Spinal Factors

the combination of increased afferent input 
from sensitised nerve endings and the dorsal 
root ganglion may contribute to central 
sensitisation. the following changes occur 
in the dorsal horn of the spinal cord after 
nerve injury:15

1) increased spontaneous activity of dorsal 
horn neurones

2) increased response to afferent input 
3) after­discharges following repetitive 

stimulation 
4) expansion of peripheral receptive fields
5) Wind­up (increased neuronal activity in 

dorsal horn neurons following repetitive 
c­fibre stimulation), mainly mediated by  
n­methyl d­aspartate (nMda) receptors.

these factors play an important role 
in many chronic pain syndromes, but to 
which extent these factors are involved in 
perpetuation of phantom syndromes is 
currently unclear, although involvement  
is likely.

Supraspinal Factors

the presence of pain prior to amputation 
is thought to increase the likelihood of 
phantom pain.13 in 1971, Melzack proposed 
that the painful extremity had created a 
painful central ‘engram’. an engram is the 
schematic representation of body parts in 
the cnS caused by consistent sensory input. 
this engram was thought to persist after 
amputation causing phantom pain.

on the basis of these observations, 
the neuromatrix theory was proposed by 
Melzack in 1990.16 in this theory, the body’s 
physical self is represented by a matrix, a 
complex network of neurones connecting 
somatosensory cortex, thalamus and limbic 
system. this neuromatrix is genetically 
determined and subsequently modulated 
by sensory input, thereby creating a 
neurosignature for each body part. this 
neurosignature determines how a body 
part is consciously perceived; phantom 
sensations are the result of persistence of the 
neurosignature after the loss of the limb. the 
genetic determination of the neurosignature 
is supported by the observation that children 
who are born with a missing limb may feel 
phantom sensations of the missing part. 

in this theory, phantom limb pain is 
the result of abnormal reorganisation in the 
matrix, either due to a preexisting pain state 
or the amputation process itself.16 

By analysing neuromagnetic fields, the 
group around Flor has been able to show 
a close correlation between the degree of  
neuromatrix reorganisation and the develop­
ment of phantom limb pain;17 reorganisation 
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of somatosensory cortex occurs with 
neighbouring representation zones moving 
into the deafferented zone.18 here it is also 
of note that many of the sites of amputation 
that commonly lead to phantom sensation 
and pain are sites with a relatively large 
cortical somatosensory representation.

an alternative theory discussed in the 
literature is the dynamic reverberation theory. 
this originated from the observation that 
selective stereotactic cortectomies of the 
corona radiata or focal brain lesions in  
the parietal cortex, thalamus or cortico­
thalamic fibres on the contralateral side have 
resulted in permanent relief of phantom 
pain. this led canavero, in 1994, to the 
theory that phantom pain and sensation were 
a result of a localized dynamic reverberation 
loop between cortex and thalamus. he 
postulated that this loop could operate with 
or without sensory activation.19

cuRRent 
pathophySiological Model 
oF poSt­aMputation pain 
SyndRoMeS

a comprehensive model incorporating 
the current state of knowledge has been 
proposed by Flor et al. it includes peripheral 
and central factors as relevant contributors 
to the development and perpetuation 
of phantom limb pain.18 in principle, it 
suggests that somatosensory pain memories 
and a subsequently altered homuncular 
representation in the somatosensory cortex are 
the underlying factors of phantom limb pain, 
which can be sustained by peripheral factors. 
in more detail, it assumes that memories of 
pain established before an amputation are 
powerful causative contributors to phantom 
limb pain generation. in analogy to findings 
in other chronic pain patients, such pain 
memories increase the representation zone 
in the primary somatosensory cortex. the  

changes are then perpetuated after the  
amputation by selective c­fibre deafferenti­
ation, random input from stump neuromas, 
abnormal changes in the dorsal root ganglia 
and the dorsal horn of the spinal cord and 
sympathetic activation.20

pRevention oF poSt­
aMputation pain

in view of the immense difficulties in 
treating phantom limb pain once it is 
established, considerable efforts have been 
made to identify techniques to prevent the 
syndrome. Regrettably, the evidence on  
none of the methods tried has been 
conclusive, although overall results of epi­
dural anaesthesia and possibly ketamine 
administration are promising.

Perioperative Lumbar Epidural 
Blockade

in 1988, Bach et al. demonstrated that 
lumbar epidural blockade (leB) with 
bupivacaine plus morphine, started 72 hours 
prior to surgery, reduced the incidence of 
phantom limb pain in the first year after 
surgery.21 this promising result initiated 
a number of similar studies; Schug et al. 
investigated the use of pre­emptive lumbar 
epidural anaesthesia/analgesia preoperatively 
for 24 hours and postoperatively for 72 hours 
in a small sample of patients. at an interview 
one year after amputation, those patients 
with epidural analgesia had significantly 
less severe phantom limb pain than those 
receiving general anaesthesia.22

another study comparing pre­operative 
and intra­operative analgesia using leB 
showed no difference between groups. the 
duration of pre­operative leB, however was 
variable between patients with a median pre­
operative infusion of 18 hours.23 however, 
this study has been criticised for its quality 
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of analgesia and the inclusion of pain of any 
intensity in the results.

More recently, lambert and colleagues 
compared pre­operative epidural with peri­
neural analgesia. the leB was started 
24 hours before surgery and continued for 
three days post­operatively. no difference 
was found in stump or phantom pain or in 
phantom sensation at six and 12 months.24 
although this was a randomised trial, the 
numbers were small and it is questionable 
whether the study had sufficient power for 
phantom pain outcome measurements.

in conclusion, there have been several 
studies looking at preventive analgesia using 
leB. the results are conflicting,25 however 
a meta­analysis showed that perioperative 
epidural analgesia reduced the incidence of 
severe phantom limb pain with an nnt  
of 5.8.26 overall the results are promising and 
a protective effect has again been confirmed 
in a recent audit at our institution.

Peripheral Nerve Blockade 

infusions of local anaesthetics via peripheral 
nerve sheath catheters, usually inserted by 
the surgeon during the amputation, are a 
safe method providing excellent analgesia for 
the immediate post­operative wound pain. 
they are, however, of no proven benefit in 
the prevention of phantom pain or stump 
pain.25

NMDA Antagonists 

the use of pre­incision ketamine as pre­
emptive analgesia has been described 
previously in other settings. a small obser­
vational study suggests that the incidence of 
severe phantom limb pain may be reduced 
with the use of ketamine as a bolus followed 
by an infusion started prior to skin incision 
and continued for 72 hours post­operatively.27 
this promising study was small and used 

historical controls. a randomised controlled 
trial could not confirm these results, but was 
underpowered.28 epidural ketamine had no 
preventive effect in an Rct.29 however, a 
trial of memantine in combination with 
regional analgesia showed a preventive 
effect.30 overall, further investigations are 
justified.

evaluation oF the patient 
With poSt­aMputation pain 
SyndRoMeS

phantom sensation requires pre­ and post­
operative counselling and education but 
it should not generally pose a clinical 
problem.

Examination

examine stump to exclude common causes:

1) prosthogenic pain 
a) due to an improperly fitting 

prosthesis:
 i)  poor socket fit, cushioning or 

alignment
b) inappropriate suspension resulting in 

pistoning
c) painful adductor roll in the above­

knee amputee
d) distal residual limb weight­bearing
e) poor trim line

2) neuropathic pain
a) caused by neuroma formation
b) test for presence of wind­up by 

examining for tinel’s sign – shooting 
pains elicited by repeated tapping over 
the area

3) arthrogenic pain
a) pain originating in neighbouring joint 

or surrounding soft tissue, ligaments 
or tendons.

4) Referred pain



Mechanisms of Vascular Disease394

excessive biomechanical stress in amputees 
may cause painful musculoskeletal conditions 
such as sacroiliac dysfunction, piriformis 
syndrome, facet syndrome or radiculopathy.31 
therefore it is important to examine posture 
and gait. 

Furthermore, it is of value to examine skin 
for areas of ulceration and infection, palpate 
for areas of tenderness, bony exostosis, 
heterotropic ossification and adherent scar 
tissue and evaluate muscle strength and 
range of movement of neighbouring joints 
to exclude contracture formation.

theRapy oF poSt­aMputation 
pain SyndRoMeS

a survey by Sherman et al. in 1980 identified 
over 50 different therapies currently in use  
for the treatment of phantom limb pain.32 
this suggests clearly that an effective 
treatment of phantom limb pain has not 
been established and that ‘the results are poor 
and usually below the expected rate of cure 
of pain with placebo treatment alone.’

Randomised controlled trials have only 
established the effectiveness of a small 
number of therapies. 

however, as early treatment is more 
effective and often multidisciplinary 
approaches are needed, patients with severe 
postamputation pain should be promptly 
referred to a multidisciplinary pain clinic 
to ensure optimal and timely pain manage­
ment.

Calcitonin

the parenteral administration of calcitonin 
is a proven treatment for phantom limb pain 
and in our experience the most effective  
in early stages,33 while there is no benefit in 
chronic phantom limb pain.34 after initial 
anecdotal reports,35 a randomised double­
blind cross­over study by Jaeger and Maier  

showed excellent effectiveness.36 200 iu of 
salmon calcitonin was given as an intravenous 
infusion over 20 minutes and provided 
complete pain relief for 76% of patients; 
71% did not experience recurrence of their 
phantom pain. calcitonin may also be given 
subcutaneously or intra­nasally.33 

the mechanism of action of calcitonin in 
inhibition or modulation of pain perception 
is unknown; however anecdotal descriptions 
of its effectiveness in a number of states  
of central sensitisation are published. Side 
effects including dysaesthesia, nausea and 
vomiting have been described, but most 
are transient and can be prevented by 
prophylactic use of anti­emetics.36 the risk 
of an anaphylactic reaction is most likely 
minimal, but needs to be considered.

Ketamine

Ketamine, an antagonist of the nMda 
receptor, is another proven treatment of  
stump and phantom limb pain. in a random­
ised trial of patients with existing pain, 
ketamine has been shown to significantly 
reduce phantom pain and stump pain. it 
was also shown to decrease wind­up like 
pain (pain evoked by repetitive mechanical 
stimuli), and to increase the pain­pressure 
threshold in patients with phantom pain  
and stump pain. it was given as a bolus of 
0.1mg/kg/5minutes followed by an infusion 
of 7mcg/kg/minute. pain recurred 30min­
utes after discontinuation of the infusion 
in most patients.15 this was confirmed in a 
more recent trial.34 

over­activity of nMda receptors may 
be a factor in the maintenance of stump pain 
and phantom pain. 

Analgesic and Co-analgesics 
Compounds

as outlined in the chapter ‘treatment of 
neuropathic pain’, these agents can play an  
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important role in pain due to nerve injury, 
but have only variable effects in phantom 
limb pain.

Opioids
generally, neuropathic pain is less responsive 
to opioids than nociceptive pain.37 however, 
a randomised double­blind study of oral 
retarded morphine sulphate (MSt) showed 
a significant reduction in phantom pain 
in opioid­sensitive patients, with pain 
reduction of over 50% occurring in 42% 
of patients. neuromagnetic source imaging 
of three patients suggested reduced cortical 
reorganization may be occurring with the 
use of MSt.38

a study comparing the effects of 
intravenous lidocaine with intravenous 
morphine showed that morphine given as 
0.05mg/kg bolus followed by 0.2mg/kg 
infusion over 40 minutes, given on three 
consecutive days, significantly reduced both 
stump and phantom pain.39 an nnt of 5.6 
and superiority over mexilitine was found for 
morphine in a more recent trial.40 tramadol 
was as effective as amitriptyline in treating 
post­amputation pain.41

Gabapentin
in a randomized, double­blind, placebo­
controlled, cross­over study, six weeks of 
gabapentin was better than placebo in 
relieving phantom limb pain. pain intensity 
difference was significantly greater for 
gabapentin than for placebo.42 these findings 
were not confirmed by a later study.43

Clonazepam
anecdotal evidence suggests that clonazepam 
may be useful in the treatment of phantom 
pain.44 there are however no studies to 
confirm this.

Lidocaine 
a randomised double blind study comparing 
the effects of intravenous lidocaine with  

intravenous morphine showed that lidocaine 
given as 1mg/kg bolus followed by 4mg/kg 
infusion, given on three consecutive days, 
significantly reduced stump pain but had no 
effect on phantom pain.39

Carbamazepine 
there is only anecdotal evidence for the 
use of carbamazepine in the treatment of 
post­amputation syndromes.45 it has been 
extensively used in the treatment of other 
neuropathic pain states. Side effects can 
be problematic. Randomised trials are 
required. 

Tricyclic Antidepressants (TCA)
in a randomised trial, chlorimipramine, a 
serotonin reuptake inhibitor, was found to 
be significantly better than nortriptyline, 
a noradrenaline reuptake inhibitor, in the 
treatment of central pain syndromes.46 amit­
riptyline and tramadol were equally effective 
in the treatment of phantom limb pain.41

Selective Serotonin Reuptake Inhibitors
venlafaxine is a serotonin and noradrenaline 
reuptake inhibitor with a side­effect profile 
significantly better than tcas.47 there are 
no Rcts on its effect on post­amputation 
pain syndromes.

Baclofen 
this gamma­aminobutyric acid (gaBa) 
agonist, when given intrathecally, has been 
shown to reduce chronic musculoskeletal 
pain.48 it may therefore be of some benefit 
if muscle spasm is the source of the pain. it 
has not been proven to be of use in phantom 
limb pain.

Capsaicin
capsaicin depletes the neurotransmitter, 
substance p from sensory nerves and may 
give relief to some patients with stump pain 
when used topically.49
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Symptomatic Treatment of Pain 
Components

the burning component of phantom 
limb pain alone can be decreased by 
pharmacological and behavioural therapies 
that increase the temperature of the stump 
such as sympathectomy, α­ or β­blockade or 
biofeedback.

cramping can be relieved by treatments 
that reduce muscle tension, for example with 
the use of baclofen or again biofeedback.

Nonpharmacological Therapies

the following therapies are thought to relieve 
phantom pain by causing increased sensory 
inflow into the stump area:

•	 TENS
•	 Acupuncture
•	 Physical	therapy

With the development of theories on cortical 
reorganisation as a cause for phantom limb 
pain, there are now therapies tried, which 
are based on the concept of reversing such 
reorganisation.18 Sensory discrimination 
training programs show promise here; this 
is a process during which patients have to 
discriminate the frequency or location of 
high intensity, non­painful electrical stimuli 
applied through electrodes on their stump 
in an attempt to separate merged regions on 
their cortical somatosensory map. 

a recent study using this technique 
showed that phantom limb pain was 
significantly decreased in the group who 
underwent the training process compared to 
controls. cortical reorganisation, assessed by 
neuroelectric source imaging and structural 
magnetic resonance imaging, was also 
reduced in this group.50 Mental imagery  
of limb movement51,52 and a combination of 
laterality recognition, mirror movements and  

imagined movements are other successful 
approaches based on this concept.53 

Similarly, there are now first data, that 
use of a myoelectric prosthesis may prevent 
cortical reorganisation and phantom limb 
pain.54

Invasive Therapies

Electroconvulsive Therapy (ECT)
this psychiatric treatment is thought to 
interrupt the dynamic reverberations that 
maintain central and phantom pain in the 
thalamocortical pathway19 and has been used 
in the treatment of refractory phantom pain.55 
there have been no trials in this area. 

Nerve Blockade
there is only anecdotal evidence for the use 
of peripheral nerve blockade in the treatment 
of phantom pain syndromes.56 there have 
been no trials in this area.

Spinal Cord Stimulation 
this treatment, thought to facilitate 
inhibitory descending pathways, has been 
described in the treatment of phantom pain. 
the overall success rate of this expensive and 
invasive approach in this indication is in the 
range of less than 50%.57,58

Implantable Intrathecal Delivery Systems 
infusing clonidine, local anesthetic, baclofen 
or opioids, usually in a combination, may be 
beneficial in selected patients with phantom 
limb pain, although there are no definitive 
studies.

Dorsal Root Entry Zone (DREZ) Lesions
dReZ lesioning has a limited effect for a 
limited time only in phantom limb pain;59 
this is in line with clinical experience with this 
neurodestructive approach. other types of 
surgery and neuroablation often makes pain 
worse because of repeated stimulation and/or  
deafferentation of the affected nerves.
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Psychological Therapy
pre­amputation counselling is mandatory 
as amputees go through normal grieving 
processes. it is important to identify anxiety 
and depression early, as these can magnify pain 
perception. Behavioural, cognitive, group 
therapy and pain management programs are 
all useful methods of helping patients cope 
with their pain. hypnosis, biofeedback and 
muscular relaxation training to disrupt the 
pain­anxiety­tension cycle are important 
components of chronic pain therapy. 60

FutuRe aiMS

Future aims in the management of post 
amputation syndromes focus on:

1) Further prospective randomised trials 
to evaluate the benefits of current 
pharmacological therapies.

2) clarification of the role of pre­emptive 
analgesia in the prevention of phantom 
pain.

3) evaluation of the promising methods 
that attempt to revert the cortical 
reorganization that occurs following 
amputation towards normal.

4) a multi­modal and multi­disciplinary 
approach to pain management.
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