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Abstract: Phantom-limb pain (PLP) belongs among difficult-to-treat chronic pain syndromes. 

Treatment options for PLP are to a large degree implicated by the level of understanding the 

mechanisms and nature of PLP. Research and clinical findings acknowledge the neuropathic 

nature of PLP and also suggest that both peripheral as well as central mechanisms, including 

neuroplastic changes in central nervous system, can contribute to PLP. Neuroimaging studies 

in PLP have indicated a relation between PLP and the neuroplastic changes. Further, it has 

been shown that the pathological neuroplastic changes could be reverted, and there is a 

parallel between an improvement (reversal) of the neuroplastic changes in PLP and pain relief. 

These findings facilitated explorations of novel neuromodulatory treatment strategies, adding 

to the variety of treatment approaches in PLP. Overall, available treatment options in PLP 

include pharmacological treatment, supportive non-pharmacological non-invasive strategies 

(eg, neuromodulation using transcranial magnetic stimulation, visual feedback therapy, or motor 

imagery; peripheral transcutaneous electrical nerve stimulation, physical therapy, reflexology, 

or various psychotherapeutic approaches), and invasive treatment strategies (eg, surgical 

destructive procedures, nerve blocks, or invasive neuromodulation using deep brain stimulation, 

motor cortex stimulation, or spinal cord stimulation). Venues of further development in PLP 

management include a technological and methodological improvement of existing treatment 

methods, an implementation of new techniques and products, and a development of new treatment 

approaches.

Keywords: phantom-limb pain (PLP), neuropathic pain, non-invasive treatment, invasive 

treatment, neuromodulation

Introduction
It is estimated that more than 80% of patients with partial or total loss of a limb develop 

chronic phantom-limb pain (PLP), ie, pain that seems to be located in the missing limb.1 

For the purposes of clinical assessment and treatment, it is important to differentiate 

PLP from other amputation-related phenomena, such as stump-pain, (ie, pain in the 

remaining part of the limb),2 non-painful phantom-limb sensation, or telescoping, 

ie, sensation when the distal part of the phantom is gradually felt to approach the residual 

limb and may even be experienced within the stump.3 Risks factors for PLP4–8 include 

gender (PLP being more common in women), upper extremity amputation, presence of 

pre-amputation pain, residual pain in remaining limb, or time after amputation (there 

are reports of a two-peak period of onset, the first within a month after amputation 

and the second after 1 year).8 Further, stress, anxiety, depression, and other emotional 

triggers also highly likely contribute to PLP.7 Recommended preventive measures 
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include using preemptive and postoperative perineural or 

epidural local anesthetics, intraoperative precautions related 

to protection of the peripheral nerves, and importance of 

early rehabilitation.9,10

Treatment options for PLP are, to a large degree, 

implicated by the level of understanding the mechanisms 

and nature of PLP. In a historical perspective, PLP had 

been considered mostly of psychological origin, with the 

prevalent belief that PLP was generated “in the patient’s 

head.” However, the development of advanced diagnostic 

methods, recently including neuroimaging, has facilitated 

explorations of changes in peripheral and central neural 

networks after amputation and their putative contribution 

to the development of PLP.11–13 The findings acknowledged 

the neuropathic nature of PLP and also suggested that both 

peripheral, as well as central mechanisms, including neu-

roplastic changes in central nervous system, can contribute 

to PLP.14,15 In periphery, axotomized afferent neurons may 

develop retrograde degeneration and shrinking that primar-

ily involves unmyelinated neurons, and local changes at the 

site of the remaining nerve endings may contribute to the 

development of enhanced sensitivity of the afferent fibers.16 

Further, a sprouting of injured axon can lead to formation 

of neuromas in the residual limb. Neuromas show abnormal 

sensitivity to mechanical and chemical stimuli and can be 

a source of abnormal ectopic discharges.16,17 Besides neuro-

mas, dorsal root ganglions have also been shown to generate 

the discharge of ectopic activity,18 substantially increasing 

the overall barrage of abnormal afferent input to the spinal 

cord and upper centers, such as the brainstem, thalamus, or 

cortex. Further, post-amputation changes at the level of the 

spinal cord include formation of new neural connections 

between the axonal sprouts from the proximal part of the 

amputated nerve and spinal cord neurons, which contributes 

to sensitization of pain-transmission neurons. The sensitiza-

tion may manifest itself as mechanical hyperalgesia and an 

expansion of peripheral receptive fields,19 and is linked to 

an increase of activity on NMDA receptors mediated for 

example by substance P, neurokinins, and tachykinins at 

the dorsal horns of the spinal cord.20 There also may be a 

reduction in the local intersegmental inhibitory mechanisms, 

resulting in spinal disinhibition and enhanced nociceptive 

input to the supraspinal centers. Interestingly, a pathologi-

cal change of the afferent input (whether it is an increase 

or decrease) represents a significant source of neural plas-

ticity, ie, dynamic changes in the function of neurons and 

neural networks in the central nervous system, including 

both spinal and cerebral parts of the Pain Matrix, the pain 

processing network.18,21 Neuroplastic alterations at the level 

of the brain include changes in neuronal excitability, changes 

in the somatotopic organization in the cortical and subcorti-

cal areas (eg, in the somatosensory and motor cortices or in 

thalamus), and structural changes (thickening or thinning) of 

neuronal layers. Indeed, neuroimaging studies in PLP have 

shown presence of such neuroplastic changes in amputees 

and the relation to the presence of PLP.11–13,22–25 Further, it 

has been shown that the pathological neuroplastic changes 

can be reverted and that an improvement (reversal) of the 

neuroplastic changes in PLP patients was paralleled by pain 

relief.13 These findings facilitated explorations of novel 

neuromodulatory treatment strategies, such as transcranial 

magnetic stimulation (TMS) or motor imagery, adding to the 

variety of treatment approaches in PLP.

Overall, treatment options in PLP include pharmacologi-

cal treatment, supportive non-pharmacological non-invasive 

strategies, and invasive treatments.

Pharmacological treatment
The pharmacological armamentarium is vast,26–49 (Table 1), 

but efficacy of most of the drugs utilized to treat PLP have 

not been determined from PLP controlled trials, but rather 

extrapolated from positive results obtained on a variety of 

other neuropathic pain syndromes (eg, painful polyneuropa-

thy [PPN] or post-herpetic neuralgia [PHN]).

Acetaminophen and nonsteroidal  
anti-inflammatory drugs (NSAIDs)
A cross-sectional study found acetaminophen and NSAIDs 

to be the most common medications used in PLP.4 This 

widely-used over-the-counter medication has relatively 

little anti-inflammatory activity as compared to NSAIDs. 

However, acetaminophen and other NSAIDs all act by the 

same mechanism (inhibition of prostaglandin synthesis) and 

all show varying levels of analgesic, anti-inflammatory, anti-

pyretic, and antiplatelet actions, and decrease the nociception 

at peripheral and central level.28

Antidepressants
Antidepressants have been utilized for the management of 

neuropathic pain since the eighties after work by Mitchel 

Max showed analgesic effect by amitriptilyne independent 

of improvement of depression. Since then many drugs have 

been added to the list (Table 1), with different degrees of 

success.26,29,30

Tricyclics are on top of the list for their efficacy for the 

management of neuropathic pain syndromes, but the results 
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Table 1 Level of evidencea for the drugs utilized to treat phantom-limb pain and other neuropathic-pain conditions

Drug Neuropathic-pain conditions

PLP PPN PHN TN HIV CP

Acetaminophen CrS/P
NSAIDs CrS/P
Antidepressants tricyclics
  Amitriptyline CT/P/N CT/Pb CT/Pb CT/N CTb

  Desipramine CT/Pb CT/Pb b

  Imipramine CT/Pb, CT/Pb b

  Nortriptyline CT/Pb CT/Pb b

  Clomipramine CT/Pb CT/Pb

  Trazadone CT/P
  Maprotiline CT/Pb CT/Pb b

Tetracyclics
  Mirtazapine CS
SSRIs
  Escitalopram CT/P
  Fluoxetine CT/P
  Paroxetine CT/P
  Sertraline OLT/P
Bupropion CT/P CT/P
SNRIs
  Duloxetine CR CT/Pb

  Venlafaxine ER CT/N CT/Pb CT/P
  Milnacipran CR
Anticonvulsants calcium  
channel alpha 2 delta ligands
  Gabapentin CT/P CT/P/Nb CT/Pb CR CT/N CT/Pb

  Pregabalin CT/P CT/Pb CT/P CT/N CT/Pb

Carbamazepine CT/P CT/Pb

Lamotrigine CT/P/N CT/P/N
Oxcarbamazepine CT/Pb

Phenytoin CT/P/N
Topiramate CT/P/N
Valproate CT/P/N CT/P CT/N
Sodium channel blockers
  Bupivacaine (inject) CT/P
  Lidocaine
    Infusion CT/N CT/P
    Patches CT/P
  Mexiletine CT/P/N CT/N CT/N
NMDA receptor antagonists
  Memantine CR/P/N CT/P/N CT/N
  Ketaminec CT/N
  Dextromethorphan CT/P CT/N
NMDA+Potassium channel blocker  
Flupirtine (plus opioids)

CR

Opioids
  Morphine CT/P CT/P CT/P
  Methadone CS
  Buprenorphined CR/P
  Oxycodone CR/P CT/P CT/P
  Levorphanol CT(M)
  Tramadol CT/P CT/P CT/P
Muscle relaxants
  Baclofen CRd CT/P
  Benzodiazepines
    Clonazepam CS
    Diazepam CT/P

(Continued)
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for the management of PLP are mixed. Due to the availability 

of newer agents with similar efficacy and better profile of side 

effects the tricyclics have been less utilized in the last few 

years. The anticholinergic effect presented by these drugs is 

responsible for the major side effects including sedation, con-

stipation, urinary retention, and electrical conduction changes 

that made them potentially problematic in the elderly. 

Sometimes the side effects can help to manage comorbidi-

ties and a night dose of amitriptyline might be preferable 

for patients with insomnia. The serotonin-norepinephrine 

reuptake inhibitors (SNRIs) are antidepressants that block 

the reuptake of serotonin and norepinephrine (eg, duloxetine) 

and although they have become popular due to a better pro-

file of side effects and similar good efficacy for neuropathic 

pain, migraines, and fibromyalgia, the level of evidence for 

the management of PLP is low (Table 1). Milnacipran, in 

the United States, has been approved for the management 

of fibromyalgia, but although the level of evidence to treat 

PLP is low, there are studies that show benefit in neuropathic 

pain.31 Agents with a preferentially dopaminergic mechanism 

of action like bupropion have also been shown to be benefi-

cial for the management of neuropathic pain. The selective 

serotonin reuptake inhibitors (SSRIs) are considered to be 

less effective but there are positive controlled trials in PPN 

for escitalopram, fluoxetine, and paroxetine (Table 1).26

Anticonvulsants
Some anticonvulsants, like gabapentin and pregabalin, have 

been shown to be efficacious for the treatment of PLP in 

controlled trials.26,32,33 The list grows when the evidence of 

efficacy is looked at on other types of neuropathic pain like 

painful peripheral neuropathy and post-herpetic neuralgia and 

includes gabapentin, pregabalin, carbamazepine, lamotrigine, 

phenytoin, topiramate, and valproate (Table  1). Pain with 

neuralgic characteristics that can occur at the level of the 

stump, can be successfully treated with the older agents like 

carbamazepine or the newer oxcarbazepine.

Sodium channel blockers
Sodium channel blockers can be administered orally, intra-

venously, epidurally, or intrathecally. The evidence that 

supports its use varies with the agent and the formulation. 

The only controlled trial that supports its use for PLP is with 

injectable bupivacaine. A study with lidocaine infusion was 

negative for PLP and another positive for PPN, while there 

are no positive trials for the oral formulation mexiletine 

(Table 1).29

NMDA receptor antagonists
Intravenous infusion of ketamine, an NMDA receptor 

antagonist, has been shown to be beneficial for PLP but other 

agents of this family have not been consistently shown to 

be efficacious. More recently it has been utilized to manage 

pain that does not respond to other agents as a single intra-

venous infusion or repetitive infusions as outpatient. Many 

clinicians treat patients that experience at least 50% pain 

reduction with the infusion, with oral ketamine that can be 

compounded.26 The long term use is in many occasions not 

possible due to side effects. There are mixed case reports with 

memantine, another NMDA antagonist that was developed 

for the management of dementia in Alzheimer’s disease, for 

PLP and positive and negative control trials for other forms 

of neuropathic pain. There are positive control trials with 

dextromethorphan for PPN and a negative trial for PHN.

Opioids
Morphine has been shown to be beneficial for the manage-

ment of PLP in a controlled trial and there is case series 

showing analgesia with methadone and a case report with 

buprenorphine reporting analgesia.29,38 In addition morphine, 

Table 1 (Continued)

Drug Neuropathic-pain conditions

PLP PPN PHN TN HIV CP

    Alprazolam OLT
Corticosteroids
    Prednisone CS
    Dexamethasone CS
Capsaicin CT/P/N CT/P CT/N

Notes: In bold characters, reports and studies specifically designed to test drugs on PLP. aOnly highest level of evidence for each drug and condition reported; bfirst-line 
drugs according to EFNS guidelines; cintravenous infusion; dintrathecal analgesia.
Abbreviations: CrS, cross-sectional study; CR, case report/case series; CT,  controlled trial; OLT, open label trial; M, mixed patient population; P, positive clinical trial;  
N, negative clinical trial; P/N, mixed clinical trial results; PLP, phantom limb pain; PPN, painful polyneuropathy; PHN, post-herpetic neuralgia; TN, trigeminal neuralgia; 
CP, central pain (post-stoke and spinal cord injury); NSAIDs, nonsteroidal anti-inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors; SNRIs, serotonin-
norepinephrine reuptake inhibitors; NMDA, N-Methyl-D-Aspartate.
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oxycodone, levorphanol, and methadone are efficacious for 

the management of other forms of neuropathic pain including 

PPN and PHN. The long term use of these drugs has been 

questioned due to the scarce evidence of long term benefits 

including function. Concerns about addiction, diversion, 

and side effects including decrease in testosterone level 

have also been raised. Despite this, the use of opioids for the 

management of neuropathic pain has been supported in sev-

eral guidelines including the American Pain Society (APS) 

and the American Academy of Pain Medicine (AAPM). 

Methadone has received a differential treatment due to the 

additional concern about cardiac toxicity and the Canadian 

guidelines place it at a lower step than the other opioids.

Tramadol
There are positive clinical trials with tramadol supporting its 

use for the management of PLP and other forms of neuro-

pathic pain including PPN and PHN.29 Tramadol is an agent 

with a mixed mechanism of action that includes low affinity 

for the mu opioid receptors and the ability to blockade the 

reuptake of norepinerpine and serotonin. It can also produce 

physical dependency but it is Schedule 3 and this is one of 

the reasons why it is popular among prescribers.

Others
There are other drugs that have been utilized with variable 

degree of success, including muscle relaxants like baclofen, 

the centrally acting benzodiazepines, and the corticosteroids. 

There is a case report for baclofen in PLP that reports ben-

efit, a positive controlled trial in PHN, a positive controlled 

trial for diazepam, and an open label trial for alprazolam for 

the management of PPN. There are case series that report 

benefit with corticosteroids like prednisone dexamethasone 

for PPN. Capsaicin has been utilized for neuropathic pain 

with variable success for many years, which has not been 

very popular due to the pain that occurs after its application. 

There is a new formulation in a patch form that seems to 

be promising, although there is no data available yet for 

PLP (Table 1).

In summary, there is a limited number of control stud-

ies done specifically to assess drug efficacy in PLP.26 The 

ones showing significant beneficial effect include trials with 

amitriptyline,30 gabapentin,32 tramadol,40 and morphine.33 

There are also some case reports/series with mirtazapine,41 

duloxetine,33 milnacipran,31 memantine,34,35 baclofen,36 

buprenorphine,37 and methadone,38 that suggest beneficial 

effects on PLP. The selection of the agent should be based 

on the current understanding of PLP as a neuropathic type 

of condition. Hence, in addition to drugs that show efficacy in 

PLP, other drugs with efficacy in other types of neuropathic 

pain could be prescribed.38 However, the drug selection 

should take into consideration the clinical presentation of 

the PLP syndrome. PLP is continuous, intense, sometimes 

burning and for that reason a drug with efficacy in PPN or 

PHN may be chosen. Further, as a neuralgic type of pain 

may be present in PLP (possibly a result of a neuroma 

formation in the stump), drugs efficacious in neuralgic type 

of pain, like carbamazepine or oxcarbamazepine, can be 

added to the regimen. A trial in every patient should include 

appropriate titration of the drug up to levels where efficacy 

has been shown in other neuropathic conditions, for at least 

4–6 weeks. Thus, completion of an appropriate trial usually 

takes 1–2 months.39

It has been proposed that the administration of analgesic 

and anesthetics prior to a surgical intervention9,42 and intra-

operative precautions with the handling of peripheral nerves 

and not to ligate with sutures, could prevent the development 

of central sensitization due to impulses generated at the level 

of the amputation, however the results have been mixed. 

Epidural analgesia, ropivacaine, and patient controlled anal-

gesia during the perioperative period have shown to decrease 

PLP, but ketamine and ketamine plus bupivacaine showed 

conflicting results.4,44,45

As PLP is often of severe intensity, causing a long-lasting 

and debilitating decrease of quality of life in many ampu-

tees,48 pharmacological treatment itself in many patients 

does not provide sufficient pain relief. Therefore, supportive 

treatments may enhance the treatment regimen.

Supportive non-invasive treatment 
approaches
Non-invasive neuromodulation
Several approaches are available within non-invasive neu-

romodulation in PLP, for example repetitive transcranial 

magnetic stimulation (rTMS), visual feedback (mirror-box 

therapy), or motor imagery.

Transcranial magnetic stimulation (TMS)
TMS exerts its effects on brain structures via electrical cur-

rents induced by a powerful magnetic field delivered with a 

magnetic coil over the scalp.49 It can be delivered as a single 

pulse or as sets of pulses (rTMS). Several studies have shown 

that a single session of rTMS can transiently relieve pain 

in some patients with chronic neuropathic pain,50–54 and a 

multiple application on several consecutive days can lead to 

prolongation of the effects.55,56 However, results from rTMS 
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treatment specifically in patients with PLP are anecdotal, 

based on case-reports but not sham-controlled trials, and 

therefore not conclusive.55–57 Although the application of 

rTMS in PLP patients resulted in pain relief,55–57 short-term 

durability of the effects is a significant issue limiting clinical 

use of this treatment.

Visual feedback therapy and motor imagery
Both the visual feedback therapy (mirror-box therapy) 

and motor imagery are based on behaviorally relevant 

sensory-motor stimulation of the stump.58–62 A rationale 

of this approach arises from the existence of maladaptive 

neuroplastic changes underlying PLP, specifically cortical 

reorganization in the somatosensory and motor cortices, 

a relation between the cortical reorganization and the 

occurrence of PLP, and beneficial effects of cortical nor-

malization on PLP.

The treatment using visual feedback emerged from the 

observation that looking at the reflection of an intact limb 

in a mirror box can induce sensations of movement in the 

phantom limb.59–65 Motor imagery is based on percepts 

or sensations generated internally by the brain, a mental 

representation of an actual sensation or movement.58 

Physiological studies have shown that both the mirror-

box therapy and the motor imagery resulted in increased 

excitability of the corticospinal pathways.64 This at least 

partially depends on the so-called mirror-neuron system61 

which includes neurons that are active not only during the 

execution of the task itself but also during the observation 

of the task. This finding provides support for the idea that 

imagined movements share the same cortical pathways as 

executed motor tasks. Further, it has been shown that visual 

feedback actually dominates somatosensory feedback and 

sensory experiences can be evoked by visual information 

alone, and it has been shown that the visual system enhances 

tactile sensitivity.61,65

Both the mirror therapy and the motor imagery can be 

very beneficial in PLP patients.58,60,62,63,66–68 As an example, 

a controlled neuroimaging study of motor imagery in PLP58 

showed evidence of cortical reorganization of motor and 

somatosensory cortices and its correlation with patients’ 

pain scores prior to the motor imagery training. The training 

resulted in a significant decrease of intensity and unpleasant-

ness of pain which correlated with reduction (improvement) 

of cortical reorganization.

Overall, the mirror-box therapy and motor imagery 

are safe and non-expensive additions to the PLP treatment 

options.

Other supportive non-invasive therapies
There is preliminary evidence that PLP patients may ben-

efit from other non-invasive supportive treatments, such as 

physical therapy including the stump and phantom limb, 

reflexology or hypnosis,69,70 or peripheral transcutaneous 

electrical nerve stimulation of the affected limb.71 Although 

there are multiple reports of transcutaneous electrical nerve 

stimulation use in PLP, a recent systematic review72 revealed 

lack of evidence from randomized controlled trials on which 

effectiveness of transcutaneous electrical nerve stimulation 

for PLP could be judged.

Further, a use of myoelectric prosthesis may improve 

PLP.73,74 Research of stimulation-induced neural plasticity 

indicate that extensive behaviorally relevant stimulation of 

the affected part of the body leads to an expansion of its 

representation zone, and an intensive use of a myoelectric 

prosthesis has been shown to be positively linked to decreased 

PLP as well as decreased degree of cortical reorganization.75 

Another venue of non-invasive support to PLP patients 

includes various psychotherapeutic approaches.76

Invasive treatment strategies
Surgical destructive interventions  
and nerve blocks
Because of a high rate of refractory chronic pain among PLP 

patients with failed non-invasive treatments, all kinds of 

invasive procedures were performed in the history of those 

cases.77–93 Destructive procedures like thermal nerve root 

destruction, rhizotomy, spinal ganglionectomy, and also dorsal 

root entry zone lesion have been performed.83–93 As per their 

nature, most of these procedures led to unrestorable damage of 

nervous tissue and functions. Initial results with high rates of 

pain relief were accompanied with a high rate of complications 

and followed by a high rate of recurrent pain and therefore 

yielding disappointing long term results after several months. 

Nowadays, the indication for destructive procedures is limited 

only to a few diagnoses for severe, refractory pain patients 

with short life expectancy. The dorsal root entry zone lesion 

is the only destructive procedure for selected patients with 

deafferentation pain and brachial plexus avulsion or cervical 

nerve root injury. In total, numbers of destructive procedures 

are decreasing year by year.

Non-destructive interventions such as nerve blocks have 

also been used in the PLP treatment. For example, intersca-

lene blocks or stellate ganglion blocks for upper extremity 

PLP, or lumbar sympathetic blocks for lower extremity 

PLP can lead to decrease of PLP.95 These blocks are often  

combined with physical therapy.
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Invasive neuromodulation
Invasive neuromodulation is considered the last-resort treat-

ment for patients who failed various trials of non-invasive 

treatments. On contrary to surgical destructive procedures, 

neuromodulatory techniques are PLP-mechanisms-driven, 

specifically addressing maladaptive central neuroplas-

tic changes in the Pain Matrix (brain pain-processing 

networks).

Deep brain stimulation (DBS)
DBS is an electrical stimulation performed after stereotactic 

implantation of thin stick leads into subcortical areas such 

as the thalamus or basal ganglia. In the early 1950s, the first 

clinicians used thalamic stimulation to treat chronic pain 

patients.78–83 Since these first clinical applications a lot 

of case series, retrospective patient samples, and reviews 

were published.81,82,88–91,93,96,97 A recent review98 lists a total 

of 600 patients with DBS due to different chronic pain 

syndromes. Evidence up to date suggests that the significance 

of DBS for PLP is controversial. However, some patients 

clearly benefit from DBS, experiencing long term pain 

relief .25% and improved quality of life.97

Motor cortex stimulation (MCS)
MCS (Figure 1) is an electrical stimulation of the precen-

tral gyrus using epidural surgical leads and subthreshold 

stimulation.99–103

Historically, after the application of MCS in patients with 

post-stroke-pain or trigeminal neuropathic pain, also patients 

with PLP became candidates for the MCS treatment.98,104–107 

Some centers perform a direct implantation of the neuro-

stimulator in the subcutaneous tissue (infraclavicular or 

abdominal), while others perform also a postoperative test-

ing with externalized extensions of the lead and an external 

stimulation.98,106,108,109 Such a testing phase allows for a 

placebo double-blinded stimulation period, so that false posi-

tive responders can be identified.106 It has been suggested106 

that the definite implantation of neurostimulator would be 

performed only in patients with a positive effect of the real 

MCS and a pain reduction of  .30%, and the subjective 

impression of pain improvement by the patient. Information 

from different centers and experts98,105,109,110 show that PLP 

is an accepted indication for MCS. PLP of the upper limb 

seems to be favorable due to the large representation on the 

convex part of the precentral gyrus, but interhemispheral lead 

implantation for the lower limb has also been reported, and 

a review of evidence98 suggests that MCS yields favorable 

results in about 53% of PLP patients.

Spinal cord stimulation (SCS)
SCS involves the placement of electrodes in the epidural 

space adjacent to the spinal area presumed to be the source 

of pain. An electric current is then applied to achieve sym-

patholytic and other neuromodulatory effects.111 Typically, 

the first phase of treatment involves the temporary placement 

of an electrical stimulator. Patients are monitored over a 

period of time to determine the pain reduction. Only patients 

positively responding to the stimulation would be consid-

ered for a permanent implantation. Clinical results indicate 

beneficial effects of SCS in PLP patients on immediate as 

well as long term outcomes,112,113 although the percentage of 

benefiting patients declined with time. For example, good 

results have been observed at 2 year follow-up in 52.4% of 

64 PLP patients, that decreased to 39% at 5 year follow-up.113 

However, given the fact that PLP is a difficult-to-treat pain 

syndrome and many PLP patients do not respond to other 

treatment strategies, SCS represents a promising treatment 

option for selected subpopulation of patients. Similarly to 

other invasive treatments, such as MCS or DBS, SCS is also 

reserved for patients that had not benefited from non-invasive 

treatment strategies.

Conclusions and future directions
Although some of the currently available therapies yield 

promising results, many PLP patients still remain without 

satisfactory pain relief. Therefore, continual advances in the 

PLP treatment are of high importance. It can be anticipated 

Figure 1 Lateral x-ray of the skull documenting the position of the implanted paddle 
leads. Matching of postoperative ct-scan and preoperative MRI-3D-neuronavigation 
data with inserted position of the leads over the pre- and postcentral gyrus.
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that pain management in PLP patients may in the future 

benefit from the following venues:

•	 Technological and methodological improvement of exist-

ing treatment methods.

�Improved formulations of pharmacological agents, such 

as long-acting formulations or new routes of applica-

tions, may improve pain relief and overall quality of 

life in patients with PLP. Further, as discussed in other 

sections of this article, efficacy of various neuropathic-

pain medications has not yet been established for PLP. 

Establishing the drug efficacy specifically for PLP can 

certainly facilitate a patient-tailored selection of more-

benefiting pharmacological regimens for PLP patients.

Further, it is anticipated that an improvement of 

invasive DBS and MCS treatments will be facilitated by 

technological advances of imaging techniques, as higher 

resolution would provide more accurate information 

about the relevant brain structures. Furthermore, techno-

logical advances in the detection of pain-related electrical 

signals in the brain or at its surface would enable more 

specific and target-oriented DBS and MCS.

•	 Implementation of new methods and products within 

current PLP treatment-strategies.

�Besides the fast progress of the pharmaceutical indus-

try and implementation of new agents, also non-

pharmacological treatment strategies in PLP may enrich 

their repertoire of available methods. For example, within 

the non-invasive neuromodulatory strategy, transcranial 

direct current stimulation114 that has recently shown 

promising clinical potential in some neuropathic pain 

syndromes, may be in the future explored in the treat-

ment of PLP. As transcranial direct current stimulation 

yielded pain relief in various patient-populations (eg, 

patients with fibromyalgia, Parkinson’s disease, pelvic 

pain, central pain due to spinal cord injuries),115–119 it can 

be anticipated that PLP patients as well may benefit from 

this method. Further, a wider implementation of the use of 

myoelectric prosthesis in clinical practice may enrich PLP 

management in the future. Behaviorally relevant stimu-

lation of the stump delivered via myoelectric prosthesis 

addresses cortical reorganization75 has been identified 

among pathological mechanisms underlying PLP.

•	 Development of new treatment approaches.

�Pain research incorporating new perspectives, such as 

genetics and epi-genetics, provides an exciting opportunity 

to enhance the insight into the mechanisms and develop-

ment of chronic pain syndromes, including PLP, and to 

provide an evidence base for the development of novel 

treatment approaches and targets. For example, recent 

studies indicate that gene CACNG2, which is expressed 

in the peripheral and central nervous system and encodes 

neuroprotein stargazin, may be implicated in the develop-

ment neuropathic pain. If confirmed by future studies, the 

gene may be of high significance for PLP. Understanding 

genetic and epigenetic factors (ie, functionally relevant 

modifications to the genome that do not involve a change 

in the nucleotide sequence) in the development of PLP may 

lead to exploration of epigenetic pharmaceuticals for this 

difficult-to-treat condition, as recently witnessed in other 

areas of medicine, for example in oncology.120

Disclosure
The authors report no conflicts of interest in this work.

References
	 1.	 Kooijman CM, Dijkstra PU, Geertzen JH, Elzinga A, van der Schans CP.  

Phantom pain and phantom sensations in upper limb amputees: an 
epidemiological study. Pain. 2000;87(1):33–41.

	 2.	 Jensen TS, Krebs B, Nielsen J, Rasmussen P. Non-painful phantom 
limb phenomena in amputees: incidence, clinical characteristics and 
temporal course. Acta Neurol Scand. 1984;70(6):407–414.

	 3.	 Nikolajsen L, Jensen TS. Phantom limb pain. Br J Anaesth. 
2001;87(1);107–116.

	 4.	 Subedi B, Grossberg GT. Phantom limb pain: mechanisms and treatment 
approaches. Pain Res Treat. 2011;2011:861605.

	 5.	 Hirsh AT, Dillworth TM, Ehde DM, Jensen MP. Sex differences in 
pain and psychological functioning in persons with limb loss. J Pain. 
2010;11(1):79–86.

	 6.	 Bosmans JC, Geertzen JH, Post WJ, van der Schans CP, Dijkstra PU. 
Factors associated with phantom limb pain: a 3 1/2 year prospective 
study. Clin Rehab. 2010;24(5):444–453.

	 7.	 Ephraim PL, Wegener ST, MacKenzie EJ, Dillingham TR, Pezzin LE. 
Phantom pain, residual limb pain, and back pain in amputees: results of 
a national survey. Arch Phys Med Rehabil. 2005;86(10)1910–1919.

	 8.	 Schley MT, Wilms P, Toepfner S, et  al. Painful and non-painful  
phantom and stump sensations in acute traumatic amputees. J Trauma. 
2008;65(4):858–864.

	 9.	 Borghi B, D’Addabbo M, White PF, et  al. The use of prolonged 
peripheral neural blockade after lower extremity amputation: the effect 
on symptoms associated with phantom limb syndrome. Anesth analg. 
2010;111(5):1308–1315.

	10.	 Karanikolas M, Aretha D, Tsolakis I, et al. Optimized perioperative 
analgesia reduces chronic phantom limb pain intensity, prevalence, and 
frequency: a prospective, randomized, clinical trial. Anesthesiology. 
2011;114(5):1144–1154.

	11.	 Cohen LG, Bandinelli S, Findley TW, Hallett M. Motor reorganiza-
tion after upper limb amputation in man. A study with focal magnetic 
stimulation. Brain. 1991;114(Pt 1B):615–627.

	12.	 Flor H, Elbert T, Knecht S, et  al. Phantom-limb pain as a corre-
late of cortical reorganization following arm amputation. Nature. 
1995;375(6531):482–484.

	13.	 Birbaumer N, Lutzenberger W, Montoya P, et  al. effects of regional 
anesthesia on phantom limb pain are mirrored in changes in cortical 
reorganization. J Neurosci. 1997;17(14):5503–5508.

	14.	 Weeks SR, Anderson-Barnes VC, Tsao JW. Phantom limb pain: theories 
and therapies. Neurologist. 2010;16(5):277–286.

	15.	 Flor H. Phantom-limb pain: characteristics, causes, and treatments. 
Lancet Neurol. 2002;1(3):182–189.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

46

Knotkova et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research 2012:5

	16.	 Nystrom B, Hagbarth KE. Microelectrode recordings from trans-
sected nerves in amputees with phantom limb pain. Neurosci Lett. 
1981;27(2):211–216.

	17.	 Wall PD, Gutnick M. Ongoing activity in peripheral nerves: the  
physiology and pharmacology of impulses originating from a neuroma. 
Exp Neurol. 1974;43(3):580–593.

	18.	 Wolpaw JR, Tennissen A. Activity-dependent spinal cord plasticity in 
health and disease. Annu Rev Neurosci. 2001;24:807–843.

	19.	 Doubell TP, Mannion RJ, Woolf CJ. The dorsal horn: state dependent 
sensory processing, plasticity and the generation of pain. In: Wall PD, 
Melzack R, editors. Textbook of Pain. 4th ed. Edinburgh, UK: Churchill 
Livingstone; 1999:165–181.

	20.	 Baron R. Mechanisms of disease: neuropathic pain – a clinical  
perspective. Nat Clin Pract Neurol. 2006;2(2):95–106.

	21.	 Buonomano DV, Merzenich M. Cortical plasticity: from synapse to 
maps. Annu Rev Neurosci. 1998;21:149–186.

	22.	 Lotze M, Montoya P, Erb M, et al. Activation of cortical and cerebellar 
motor areas during executed and imagined hand movements: an fMRI 
study. J Cogn Neurosci. 1999;11(5):491–501.

	23.	 Lotze M, Flor H, Grodd W, Larbig W, Birbaumer N. Phantom move-
ments and pain. An fMRI study in upper limb amputees. Brain. 
2001;124(Pt 11):2268–2277.

	24.	 Karl A, Birbaumer N, Lutzenberger W, Cohen LG, Flor H.  
Reorganization of motor and somatosensory cortex in upper extrem-
ity amputees with phantom limb pain. J Neurosci. 2001;21(10): 
3609–3618.

	25.	 Karl A, Mühlnickel W, Kurth R, Flor H. Neuroelectric source imag-
ing of steady-state movement-related cortical potentials in human 
upper extremity amputees with and without phantom limb pain. Pain. 
2004;110(1–2):90–102.

	26.	 Alviar MJ, Hale T, Dungca M. Pharmacologic interventions for 
treating phantom limb pain. Cochrane Database Syst Rev. 2011;12: 
CD006380.

	27.	 O’Connor AB, Dworkin RH. Treatment of neuropathic pain: an overview 
of recent guidelines. Am J Med. 2009;122(10 Suppl 1):S22–S32.

	28.	 Byrant B, Knights K, Salerno E. Pharmacology for Health Professionals. 
Amsterdam, Holland: Elsevier; 2007:270.

	29.	 Attal N, Cruccua G, Baron R, et al. EFNS guidelines on the pharma-
cological treatment of neuropathic pain: 2010 revision. Eur J Neurol. 
2010;17(9):1113–e88.

	30.	 Robinson LR, Czerniecki JM, Ehde DM, et al. Trial of amitriptyline 
for relief of pain in amputees: results of a randomized controlled study. 
Arch Phys Med Rehabil. 2004;85(1):1–6.

	31.	 Sato K, Higuchi H, Hishikawa Y. Management of phantom limb pain 
and sensation with milnacipran. J Neuropsychiatry Clin Neurosci. 
2008;20(3):368.

	32.	 Nikolajsen L, Finnerup NB, Kramp S, Vimtrup AS, Keller J, Jensen TS. 
A randomized study of the effects of gabapentin on postamputation 
pain. Anesthesiology. 2006;105(5):1008–1015.

	33.	 Spiegel DR, Lappinen E, Gottlieb M. A presumed case of phantom 
limb pain treated successfully with duloxetine and pregabalin. Gen 
Hosp Psychiatry. 2010;32(2):228.e5– 228.e7.

	34.	 Hackworth RJ, Tokarz KA, Fowler IM, Wallace SC, Stedje-Larsen ET. 
Profound pain reduction after induction of memantine treatment in two 
patients with severe phantom limb pain. Anesth Analg. 2008;107(4): 
1377–1379.

	35.	 Schley M, Topfner S, Wiech K, et al. Continuous brachial plexus block-
ade in combination with the NMDA receptor antagonist memantine 
prevents phantom pain in acute traumatic upper limb amputees. Eur J 
Pain. 2007;11(3):299–308.

	36.	 Zuniga RE, Schlicht CR, Abram SE. Intrathecal baclofen is analgesic 
in patients with chronic pain. Anesthesiology. 2000;92(3):876–880.

	37.	 Omote K, Ohmori H, Kawamata M, Matsumoto M, Namiki A. 
Intrathecal buprenorphine in the treatment of phantom limb pain.  
Anesth Analg. 1995;80(5):1030–1032.

	38.	 Bergmans L, Snijdelaar DG, Katz J, Crul BJ. Methadone for phantom 
limb pain. Clin J Pain. 2002;18(3):203–205.

	39.	 Cruciani RA, Strada EA, Knotkova H. Neuropathic pain. In: Bruera E,  
Portenoy RK, editors. Cancer Pain – Assessment and Management. 
New York, NY: Cambridge University Press; 2010:478–505.

	40.	 Wilder-Smith CH, Hill LT, Laurent S. Postamputation pain and sensory 
changes in treatment-naive patients: characteristics and responses to 
treatment with tramadol, amitriptyline, and placebo. Anesthesiology. 
2005;103(3):619–628.

	41.	 Kuiken TA, Schechtman L, Harden RN. Phantom limb pain treatment 
with mirtazapine: a case series. Pain Pract. 2005;5(4):356–360.

	42.	 Karanikolas M, Aretha D, Tsolakis I, et al. Optimized perioperative 
analgesia reduces chronic phantom limb pain intensity, prevalence, and 
frequency: a prospective, randomized, clinical trial. Anesthesiology. 
2011;114(5):1144–1154.

	43.	 Rasmussen S, Kehlet H. Management of nerves during leg amputation –  
a neglected area in our understanding of the pathogenesis of phantom 
limb pain. Acta Anaesthesiol Scand. 2007;51(8):1115–1116.

	44.	 Hayes C, Armstrong-Brown A, Burstal R. Perioperative intravenous 
ketamine infusion for the prevention of persistent post-amputation pain: a 
randomized, controlled trial. Anaesth Intens Care. 2004;32(3):330–338.

	45.	 Wilson JA, Nimmo AF, Fleetwood-Walker SM, Colvin LA.  
A randomized double blind trial of the effect of preemptive  
epidural ketamine on persistent pain after lower limb amputation. Pain. 
2008;135(1–2):108–118.

	46.	 Fromm GH, Terrence CF, Chattha AS. Baclofen in the treatment of 
trigeminal neuralgia: double-blind study and long-term follow up. Ann 
Neurol. 1984;15(3):240–244.

	47.	 Pandey CK, Singh N, Singh PK. Gabapentin for refractory idiopathic 
trigeminal neuralgia. Indian Med Assoc. 2008;106(2):124–125.

	48.	 Ehde DM, Jensen MP, Engel J, Turner JA, Hoffman AJ, Cardenas DD.  
Chronic pain secondary to disability: a review. Clin J Pain. 2003;19(1): 
3–17.

	49.	 Perez MA, Cohen LG. Principles and mechanisms of transcranial direct 
current stimulation. In: Knotkova H, Cruciani RA, Merrrick J, edi-
tors. Brain Stimulation in the Treatment of Pain. New York, NY: Nova  
Science Publishers, Inc; 2010:113–129.

	50.	 Canavero S, Bonicalzi V, Dotta M, Vighetti S, Asteggiano G, Cocito D.  
Transcranial magnetic cortical stimulation relieves central pain.  
Stereotact Funct Neurosurg. 2002;78(3–4):192–196.

	51.	 Andre-Obadia N, Peyron R, Mertens P, Mauguiere F, Laurent B, 
Garcia-Larea L. Transcranial magnetic stimulation for pain control. 
Double-blind study of different frequencies against placebo, and cor-
relation with motor cortex stimulation efficacy. Clin Neurophysiol. 
2006;117(7):1536–1544.

	52.	 Lefaucheur J, Hatem S, Nineb A, et al. Somatotopic organization of the 
analgesic effects of motor cortex rTMS in neuropathic pain. Neurology. 
2006;67(11):1998–2004.

	53.	 Lefaucheur JP, Drouot X, Menard-Lefaucheur I, et al. Neurogenic pain 
relief by repetitive transcranial magnetic cortical stimulation depends 
on the origin and the site of pain. J Neurol Neurosurg Psychiatry. 
2004;75(4):612–616.

	54.	 Hirayama A, Saitoh Y, Kishima H, et al. Reduction of intractable deaf-
ferentation pain by navigation-guided repetitive transcranial magnetic 
stimulation of the primary motor cortex. Pain. 2006;122(1–2):22–27.

	55.	 Topper R, Foltys H, Meister IG, Sparing R, Boroojerdi B. Repetitive 
transcranial magnetic stimulation of the parietal cortex transiently 
ameliorates phantom limb pain-like syndrome. Clin Neurophysiol. 
2003;114(8):1521–1530.

	56.	 Khedr EM, Kotb H, Kamel NF, Ahmed MA, Sadek R, Rothwell JC. 
Longlasting antalgic effects of daily sessions of repetitive transcranial 
magnetic stimulation in central and peripheral neuropathic pain.  
J Neurol Neurosurg Psychiatry. 2005;76(6):833–838.

	57.	 Di Rollo A, Pallanti S. Phantom limb pain: low frequency repetitive 
transcranial magnetic stimulation in unaffected hemisphere. Case 
Report Med. 2011;2011:130751.

	58.	 MacIver K, Lloyd DM, Kelly S, Roberts N, Nurmikko T. Phantom 
limb pain, cortical reorganization and the therapeutic effects of mental 
imagery. Brain. 2008;131(Pt 8):2181–2191.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

47

Phantom-limb pain

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research 2012:5

	59.	 MacLachlan M, McDonald D, Waloch J. Mirror treatment of lower 
limb phantom pain: a case study. Disabil Rehabil. 2004;26(14–15): 
901–904.

	60.	 Brodie EE, Whyte A, Niven CA. Analgesia through the looking-glass? 
A randomized controlled trial investigating the effect of viewing  
a “virtual” limb upon phantom limb pain, sensation and movement. 
Euro J Pain. 2007;11(4):428–436.

	61.	 Moseley GL, Gallace A, Spence C. Is mirror therapy all it is cracked to 
be? Current evidence and future directions. Pain. 2008;138(1):7–10.

	62.	 Chan BL, Witt R, Charrow AP, et al. Mirror therapy for phantom limb 
pain. N Engl J Med. 2007;357(21):2206–2207.

	63.	 Ramachandran VS, Rogers-Ramachandran D. Synaesthesia in phan-
tom limbs induced with mirrors. Proc Bilo Sci. 1996;263(1369): 
377–386.

	64.	 Hashimoto R, Rothwell JC. Dynamic changes in corticospinal excit-
ability during motor imagery. Exp Brain Res. 1999;125(1):75–81.

	65.	 Diers M, Christmann C, Koeppe C, Ruf M, Flor H. Mirrored, imag-
ined and executed movements differentially activate sensorimotor 
cortex in amputees with and without phantom limb pain. Pain. 
2010;149(2):296–304.

	66.	 Moseley GL. Graded motor imagery for pathologic pain: a randomised 
controlled trial. Neurology. 2006;67(12):2129–2134.

	67.	 McCabe C. Mirror visual feedback therapy. A practical approach.  
J Hand Ther. 2011;24(2):170–178.

	68.	 Beaumont G, Mercier C, Michon PE, Maloun F, Jackson PL. Decreasing 
phantom limb pain through observation of action and imagery. Case 
Series. 2011;12(2):289–299.

	69.	 Ulger O. Effectiveness of phantom exercises for phantom limb pain: 
a pilot study. J Rehab Med. 2009;41(7):582–584.

	70.	 Brown CA, Lido C. Reflexology treatment for patients with lower 
limb amputations and phantom limb pain: an exploratory pilot study. 
Complement Ther Clin Pract. 2008;14(2):124–131.

	71.	 Giuffrida O, Simpson L, Halligan PW. Contralateral stimulation, using 
TENS, of phantom limb pain: two confirmatory cases. Pain Med. 
2010;11(1):133–141.

	72.	 Mulvey MR, Bagnall AM, Johnson MI, Marchant PR. Transcutaneous  
electrical nerve stimulation (TENS) for phantom pain and stump 
pain following amputation in adults. Cochrane Database Syst Rev. 
2010;(5):CD007264.

	73.	 Sumitani M, Yozu A, Tomioka T, Yamada Y, Miyauchi S. Using the 
intact hand for objective assessment of phantom hand-perception. Eur 
J Pain. 2010;14(3):261–265.

	74.	 Dietrich C, Walter-Walsh K, Preißler S, et al. Sensory feedback pros-
thesis reduces phantom limb pain: proof of a principle. Neurosci Lett. 
2012;507(2):97–100.

	75.	 Lotze M, Grodd W, Birbaumer N, Erb M, Huse E, Flor H. Does use of 
a myoelectric prosthesis prevent cortical reorganization and phantom 
limb pain? Nat Neurosci. 1999;2(6):501–502.

	76.	 De Roos C, Veenstra AC, DeJongh A, et al. Treatment of chronic phan-
tom limb pain using a trauma focused psychological approach. Pain 
Res Manag. 2010;15(2):65–71.

	77.	 Dieckmann G, Witzmann A. Initial and long-term results of deep 
brain stimulation for chronic intractable pain. Appl Neurophysiol. 
1982;45(1–2):167–172.

	78.	 Heath RG, Mickle WA. Evaluation of 7-years’ experience with 
depth electrode studies in human patients. In: O’Doherty DS, editor.  
Electrical Studies on the Unanesthetized Brain. New York, NY:  
P Hoeber; 1960:214–247.

	79.	 Hosobuchi Y. Intracerebral stimulation for the relief of chronic pain. 
In: Youmans JR, editor. Neurological Surgery. Philadelphia, PA:  
WB Saunders; 1990:4128–4143.

	80.	 Hosobuchi Y, Adams JE, Linchitz R. Pain relief by electrical stimula-
tion of the central gray matter in human and its reversal by naloxone. 
Science. 1977;197(4299):183–186.

	81.	 Hosobuchi Y, Adams JE, Rutkin B. Chronic thalamic stimula-
tion for the control of facial anaesthesia dolorosa. Arch Neurol. 
1973;29(3):158–161.

	 82.	 Kumar K, Toth C, Nath RK. Deep brain stimulation for intractable 
pain: a 15-year experience. Neurosurgery. 1997;40(4):736–746.

	 83.	 Mazars G, Ruge R, Mazars Y. Résultats de la stimulation du faisceau 
spino-thalamique et leur incidence sur la pathophysiologie de la 
douleur. Rev Neurol. 1960;103:136–138.

	 84.	 Mazars G, Merienne L, Cioloca C. Treatment of certain types of pain by 
implantable thalamic stimulators. Neurochirurgie. 1974;20(2):117–124.

	 85.	 Mazars GJ. Intermittent stimulation of nucleus ventralis posterolateralis 
for intractable pain. Surg Neurol. 1975;4(1):93–95.

	 86.	 Meyerson BA, Boethius J, Carlsson AM. Alleviation of malignant 
pain by electrical stimulation in the periventricular-periaqueductal 
region. Pain relief as related to stimulation sites. In: Albe-Fessard D,  
editor. Advances in Pain Research and Therapy. New York, NY: Raven 
Press; 1979:525–533.

	 87.	 Meyerson BA, Lindblom U, Linderoth B, Lind G, Herregodts P. Motor 
cortex stimulation as treatment of trigeminal neuropathic pain. Acta 
Neurochir Suppl (Wien). 1993;58:150–153.

	 88.	 Richardson DE, Akil H. Pain reduction by electrical brain stimulation 
in man. Part 1: Acute administration in periaqueductal and periven-
tricular sites. J Neurosurg. 1977;47(2):178–183.

	 89.	 Richardson DE, Akil H. Pain reduction by electrical stimulation in 
man. Part 2: Chronic self-administration in the periventricular gray 
matter. J Neurosurg. 1977;47(2):184–194.

	 90.	 Kringelbach ML, Aziz TZ. Neuroethical principles of deep-brain 
stimulation. World Neurosurg. 2011;76(6):518–529.

	 91.	 Richardson DE, Akil H. Long term results of periventricular gray 
self-stimulation. Neurosurgery. 1977;1(2):199–202.

	 92.	 Spiegel EA, Wycis HT. Mesencephalotomy in treatment of intractable 
facial pain. AMA Arch Neurol Psychiat. 1953;69(1):1–13.

	 93.	 Tsubokawa T, Katayama Y, Yamamoto T, Hirayama T. Deafferentation 
pain and stimulation of the thalamic sensory relay nucleus: clinical 
and experimental study. Appl Neurophysiol. 1985;48(1–6):166–171.

	 94.	 Siegfried J, Cetinalp E. Neurosurgical treatment of phantom limb 
pain. In: Zimmermann M, editor. Phantom and Stump Pain. Berlin, 
Germany: Springer-Verlag; 1981:148–155.

	 95.	 Walsh NE, Rogers JN. Injection procedures. In: DeLisa JA, Gans BM, 
Walsh NE, editors. Physical Medicine and Rehabilitation: Principles 
and Practice, Volume 1. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2005:311–361.

	 96.	 Adams JE. Naloxone reversal of analgesia produced by brain stimula-
tion in human. Pain. 1976;2(2):161–166.

	 97.	 Rasche D, Ruppolt M, Stippich C, Unterberg A, Tronnier VM. Motor 
cortex stimulation for long-term relief of chronic neuropathic pain:  
a 10 year experience. Pain. 2006;121(2):43–52.

	 98.	 Nguyen JP, Nizard J, Keravel Y, Lefaucheur JP. Invasive brain 
stimulation for the treatment of neuropathic pain. Nat Rev Neurol. 
2011;7(12):699–709.

	 99.	 Garcia-Larrea L, Peyron R, Mertens P, et al. Positron emission tomog-
raphy during motor cortex stimulation for pain control. Stereotact 
Funct Neurosurg. 1997;68(1–4 Pt 1):141–148.

	100.	 Garcia-Larrea L, Peyron R, Mertens P, et al. Electrical stimulation of 
motor cortex for pain control: a combined PET-scan and electrophysi-
ological study. Pain. 1999;83(2):259–273.

	101.	 Mertens P, Nuti C, Sindou M, Guenot M, Peyron R, Garcia-Larrea LB. 
Precentral cortex stimulation for the treatment of central neuropathic 
pain: results of a prospective study in a 20-patient series. Stereotact 
Funct Neurosurg. 1999;73(1–4):122–125.

	102.	 Roux FE, Ibarrola D, Lazorthes Y, Berry I. Chronic motor cortex stimu-
lation for phantom limb pain: a functional magnetic resonance imaging 
study: technical case report. Neurosurgery. 2001;48(3):681–688.

	103.	 Saitoh Y, Shibata M, Hirano SI, Hirata M, Moshimo T, Yoshimine T. 
Motor cortex stimulation for central and peripheral deafferentation 
pain. J Neurosurg. 2000;92(1):150–155.

	104.	 Katayama Y, Yamamoto T, Kobayashi K, Kasai M, Oshima H, Fukaya C.  
Motor cortex stimulation for phantom limb pain: Comprehensive 
therapy with spinal cord and thalamic stimulation. Stereotact Funct 
Neurosurg. 2001;77(1–4):159–162.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

48

Knotkova et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Journal of Pain Research

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/journal-of-pain-research-journal

The Journal of Pain Research is an international, peer-reviewed, open 
access, online journal that welcomes laboratory and clinical findings 
in the fields of pain research and the prevention and management 
of pain. Original research, reviews, symposium reports, hypoth-
esis formation and commentaries are all considered for publication.  

The manuscript management system is completely online and includes 
a very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Journal of Pain Research 2012:5

	105.	 Lima MC, Fregni F. Motor cortex stimulation for chronic pain. 
Systematic review and meta-analysis of the literature. Neurology. 
2008;70(24):2329–2337.

	106.	 Rasche D, Tronnier VM. Invasive treatment of chronic neuropathic pain 
syndromes: epidural stimulation of the motor cortex. In: Knotkova H,  
Cruciani R, Merrick J, editors. Brain Stimulation in the Treatment 
of Pain. New York, NY: Nova Science Publishers, Inc; 2010: 
69–87.

	107.	 Rasche D, Rinaldi PC, Young RF, Tronnier VM. Deep brain stimula-
tion for the treatment of various chronic pain syndromes. Neurosurg 
Focus. 2006;21(6):E8.

	108.	 Fagundes-Pereya WJ, Teixeira MJ, Reyns N, et  al. Motor cortex 
stimulation for the treatment of neuropathic pain. Arq Neuropsiquiatr. 
2010;68(6):923–929.

	109.	 Fontaine D, Hamani C, Lozano A. Efficacy and safety of motor cor-
tex stimulation for chronic neuropathic pain: critical review of the  
literature. J Neurosurg. 2009;110(2):251–256.

	110.	 Canavero S, Bonicalzi. Therapeutic extradural cortical stimulation  
for central and neuropathic pain: a review. Clin J Pain. 2002;18(1): 
48–55.

	111.	 Oakley J, Prager J. Spinal cord stimulation: mechanisms of action. 
Spine (Phila Pa 1976). 2002;27(22):2574–2583.

	112.	 Viswanathan A. Use of spinal cord stimulation in the treatment of 
phantom limb pain: case series and review of literature. Pain Pract. 
2010;10(5):479–484.

	113.	 Krainick JU, Thoder U. Spinal cord stimulation in post-amputation 
pain. In: Siegfried J, Zimmerman M, editors. Phantom and Stump 
Pain. Berlin, Germany: Springer-Verlag; 2002:527–535.

	114.	 Nitsche MA, Paulus W. Excitability changes induced in the human 
motor cortex by weak transcranial direct current stimulation. J Physiol. 
2000;527(3):633–639.

	115.	 Fregni F, Gimenes R, Valle AS, et  al. A randomized, sham-
controlled, proof of principle study of transcranial direct current 
stimulation for the treatment of pain in fibromyalgia. Arthritis Rheum. 
2006;54(12):3988–3998.

	116.	 Fregni F, Boggio PS, Lima MC, et al. A sham-controlled, phase II trial 
of transcranial direct current stimulation for the treatment of central 
pain in traumatic spinal cord injury. Pain. 2006;122(1–2):197–209.

	117.	 Grüner U, Eggers C, Ameli M, Sarfeld AS, Fink GR, Nowak DA. 
1 Hz rTMS preconditioned by tDCS over the primary motor cortex 
in Parkinson’s disease: effects on bradykinesia of arm and hand.  
J Neural Transm. 2010;117(2):207–216.

	118.	 Fenton B, Fanning J, Boggio P, Fregni F. A pilot efficacy trial of tDCS 
for the treatment of refractory chronic pelvic pain. Brain Stimulation. 
2008;1(3):260.

	119.	 Knotkova H, Feldman D, Dvorkin E, Cruciani RA. Transcranial direct 
current stimulation (tDCS): A novel strategy to alleviate neuropathic 
pain. J Pain Manag. 2008;1(3):271–275.

	120.	 Wang LG, Chiao JW. Prostate cancer chemopreventive activity of 
phenethyl isothiocyanate through epigenetic regulation (review). Int 
J Oncol. 2010;3(37):533–539.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

49

Phantom-limb pain

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/journal-of-pain-research-journal
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


