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Abstract

Post Amputation Pain (PAP) is highly prevalent after limb amputation but 
unfortunately, the pathophysiology along with consistently effective treatments 
remain elusive. However, recent advances in neuroimaging and neurophysiology 
are rapidly expanding our understanding of Phantom Limb Pain (PLP) and have 
paved a way for mechanism directed treatment approaches. The purpose of 
this article is to review recent advances in neuroimaging that has led to better 
understanding of PLP mechanism and how understanding of these mechanisms 
has been contributing in developing new treatment approaches. We have 
discussed different proposed mechanism and treatments of PLP in short with 
emphasis on how neuroimaging has led us to unveil these facts about PLP 
and how with further advancement in neuroimaging, we would be able to dig in 
deeper into yet unanswered questions.

Keywords: Phantom limb pain, Maladaptive plasticity, Cortical 
reorganization, fMRI, fcMRI

consumption, changes in neuronal activity often induce cascade of 
changes in Cerebral Metabolic Rate of Oxygen (CMRO2), Cerebral 
Blood Flow (CBF), Oxygen Extraction Fraction (OEF), Cerebral 
Blood Volume (CBV), etc. In contrast to electrophysiological signals, 
metabolic and hemodynamic responses are much slower and reflect 
the indirect and secondary effects of neuronal activity [5]. Electro 
Encephalo Graphy (EEG) [6] and Magneto Encephalo Graphy (MEG) 
[7] are based on electrophysiological principles. Functional Magnetic 
Resonance Imaging (fMRI) [8-10], Positron Emission Tomography 
(PET) [11,12], Single-Photon Emission Computed Tomography 
(SPECT) and Near-Infrared Spectroscopy (NIRS) are based on 
hemodynamic and/or metabolic principles. EEG and MEG measure 
external electric potenials and magnetic fluxes respectiveley. Both of 
these electricomagnetic signals, electric potenials and magnetic fluxes, 
arises collectively from mass neuronal responses within the brain and 
is then propagated (virtually) instantaneously from the activated 
neuronal tissues via volume conduction to the recording sites on/
above the scalp surface [13-16]. In contrast to EEG and MEG, fMRI 
is based on changes in oxygenation of hemoglobin that is associated 
with neural activity. Deoxyhemoglobin (dHb) is paramagnetic 
whereas oxyhemoglobin is diamagnetic on fMRI [17,18].

As neuronal activity elevates, the concomitant alternation of local 
oxyhemoglobin versus deoxyhemoglobin content gives rise to a so-
called Blood Oxygen Level Dependent (BOLD) Magnetic Resonance 
(MR) signal [19]. In contrast to the traditional task-based approach 
(e.g., fMRI), resting state studies (e.g., fcMRI) observe the brain in the 
absence of overt task performance or stimulation. In these studies, 
subjects are generally asked to lie quietly under “resting” conditions 
such as eyes closed or while fixating on a crosshair. Spontaneous 
modulations in the BOLD signal in the absence of any explicit input 
or output are then recorded and analyzed. The resting human brain 
represents only 2% of total body mass but consumes 20% of the 
body’s energy, most of which is used to support of ongoing neuronal 
signaling. Task-related increases in neuronal metabolism are usually 
small (<5%) when compared to this large resting energy consumption. 

Introduction
PLP first described by French military surgeon, Ambrose Pare, 

is defined as a painful sensation in the location of an amputated 
limb, which gets its present name as “phantom limb pain” by a 
famous civil war surgeon Silas Weir Mitchellis [1-3]. PLP is a 
common phenomenon occurring in 72% of amputees within the 
first week of surgery, with 60% continuing to experience pain at 6 
months. No change in this prevalence occurs during the next 5 
years. Factors that correlate to the development of phantom pain 
include pain that lasts longer than 1 month before amputation, 
increased post-surgical pain, and psychological factors, including 
anxiety [1]. The paradigms of proposed mechanisms for PLP have 
shifted over the past years from the psychogenic theory to peripheral 
and central neural changes involving cortical reorganization. More 
recently, the role of mirror neurons in the brain has been proposed 
in the generation of phantom pain. A wide variety of treatment 
approaches have been employed, but mechanism-based specific 
treatment guidelines are yet to evolve [2]. Mechanism-based pain 
treatment is generally considered to be superior to etiologic-based 
therapy but the obstacles involved in identifying the predominant 
mechanisms can become nearly insurmountable for a condition as 
phenotypically and pathogenetically disparate as PAP [4]. Over the 
recent years, neuroimaging has revolutionized our understanding of 
the physiological responses to PLP thereby, paving the way for better 
treatment approaches directed towards the mechanisms.

Neuroimaging Modalities
All noninvasive neuroimaging modalities are based on biophysical 

signals related to either brain electrophysiology or hemodynamics/
metabolism. Neuronal activity intensifies electrophysiological 
signals, such as action potentials and post-synaptic potentials, which 
serve as the primary messengers for communication among neurons. 
In addition, neuronal activity is also coupled with metabolic and 
hemodynamic processes. As brain function requires sustained blood 
flow to supply oxygen to compensate for cerebral metabolic energy 
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Differences in these task-related changes between normal and 
pathological populations are smaller still, often less than 1%. When 
attempting to study disease or diagnose patients based on task-related 
changes, one is therefore focusing on only a very small fraction of the 
brain’s overall activity. Ongoing spontaneous activity may provide a 
window onto the neural processing that appears to consume the vast 
majority of the brain’s resources and so may prove a richer source of 
disease-related signal changes [20]. Importantly, resting state fcMRI 
may enjoy several practical and theoretical advantages over task based 
fMRI for clinical applications, including improved signal to noise, 
reduced need for patient compliance, avoidance of task performance 
confounds, and expanded patient populations [21]. Other imaging 
modalities like Diffusion Tensor Imaging (DTI) have also been used to 
study brain connectivity and plasticity. The various indices extracted 
from DTI enhance image specificity for distinct brain structures (e.g. 
Fractional Anisotropy (FA) is used to characterize the organization 
of white matter fibers) [22]. Significant changes in DTI parameters 
were reported in the relevant white matter pathways after training 
[23-25], leading to speculation that DTI can detect structural brain 
plasticity in both gray and white matter [26]. However, the biological 
and morphological meanings of these changes remain unclear.

Combined Imaging Modalities
A number of efforts in recording technology, multimodal data 

fusion and the neurovascular modeling, have collectively led to a 
promising fMRI-EEG/MEG integrated functional neuroimaging 
approach, which holds the potential to reach millimeter spatial 
resolution and millisecond temporal resolution, thereby opening a 
unique and noninvasive window to investigate dynamic brain activity 
and connectivity. Electrophysiological and hemodynamic/metabolic 
signals reflect distinct but closely coupled aspects of the underlying 
neural activity [27]. Thus, combining EEG with Transcranial 
Magnetic Stimulation (TMS) allow us to fully characterize dynamic 
properties of local and distributed brain cortical activity by offering 
a behaviorally independent input of quantifiable and parametrically 
scalable magnitude applicable across ages, individuals, and neural 
states which can be further elucidated by obtaining simultaneous 
neuroimaging with fMRI thereby investigating whole brain response 
to and recovery from patterned stimulation [28].

Application of Imaging in PLP Treatment
Neuroimaging is not only used to explore mechanism involved 

with neuropathic pain but also used in monitoring treatments. One of 
the treatment methods, Transcranial Magnetic Stimulation (TMS), can 
be integrated with several imaging methods for better understanding. 
TMS is based on electromagnetic induction and while it can be used 
to explore brain-behavior relations, map sensory, motor, and higher-

order cognitive functions, and examine the excitability, connectivity 
and plasticity of different cortical regions, it can also be used as a 
therapeutic intervention in a variety of nervous system disorder. TMS 
stimulation can evoke muscle twitching measurable by Electro Myo 
Graphy (EMG); this activity is known as Motor-Evoked Potentials 
(MEP) and that is how changing coil position of TMS over motor 
cortex, can induce MEP in a somatotopical fashion. Applied to non-
motor cortical regions, TMS evokes a local field potential that can be 
recorded with EEG, and represents a measure of cortical reactivity 
to TMS [1]. Fundamentally, single-pulse TMS combined with EMG, 
EEG, fMRI or other brain imaging methods can be used to quantify 
cortical reactivity before and following a given intervention [29].

Mechanisms and Treatments
Central neural mechanism
Supra-spinal mechanism

a) Cortical plasticity

Although plastic changes have mainly been documented in 
cortical areas, similar changes occur on all level of neuroaxis, 
including spinal cord, the brainstem and the thalamus [30].

At Cortical level

Following limb amputation, the loss of afferent input allows 
for invasion of neighboring cortical region into the cortical 
areas representing the amputated extremity in both primary 
somatosensory and motor cortex [4,31,32]. Some Researchers believe 
that reorganization in motor cortex maybe secondary to changes in 
somatosensory cortex [33]. According to them, somatosensory cortex 
has projections to layers of motor cortex, which plays important 
role in acquisition of motor skills and stimulation of somatosensory 
cortex. And these projections, from somatosensory cortex to motor 
cortex, might induce Long-Term Potentiation (LTP) in the motor 
cortex. An alternative possibility would be reorganization in the 
thalamus modulates motor plasticity. At synaptic level it has been 
believed that use-dependent changes in synaptic strength such as LTP 
and Long-Term Depression (LTD) may serve as a key mechanism 
of cortical plasticity [34]. Several studies derived evidence from 
imaging modalities, electroencephalography [35-37], TMS [38-41], 
magnetoencephalography [42], and fMRI [43-45] to demonstrate 
changes in primary Sensory (S1) and Motor (M1) cortices following 
limb amputation or deafferentation.

At Subcortical level

Edward et al., [46] electrophysiologically mapped the thalamus of 
Macaca fascicularis monkeys and showed extensive reorganization of 
the body map in a thalamus in which the upper limb representation 
was affected by severe transneuronal degeneration, and thus they 
proposed that a progressive, slow atrophy of cells in the cuneate 
nucleus, whose efferent axons slowly die or are withdrawn from 
the upper limb part of the Ventral Posterior Lateral nucleus (VPL) 
leads to an even slower atrophy of many cells in the upper limb 
representation of VPL; and the accompanying breakdown of the 
arcuate lamella (undoubtedly due to loss of incoming axons) 
progressively brings Ventral Posterior Medial nucleus (VPM) and 
VPL cells, normally innervated by inputs from the face or trunk, into 
close proximity. Degeneration or retraction of the axons of atrophic 

Mechanisms

Central
Supraspinal

Cortical plasticity

Body schema
Neuvromatrix and 
Neurosignature
Mirror neuron

Spinal Central sensitization

Peripheral

Psychogenic

Table 1: Different Proposed Mechanism of Phantom Limb Pain.
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thalamic upper limb cells in the somatosensory cortex should permit 
the divergent axon branches of thalamic face cells to be expressed 
functionally in the cortex. Previously silent inputs from the lower 
face region to thalamic cells whose dominant inputs from the upper 
limb have been silenced could also be uncovered thereby indicating 
that the reorganization of cortex is also a progressive phenomenon 
dependent on slow degenerative changes in both the cuneate and VP 
nuclei. Several studies have cleared that reorganization within the 
somatosensory pathways also occurs at subcortical levels, such as the 
thalamus [47-55], brain stem [56-63], and spinal cord [64].

Synaptic mechanism of cortical plasticity

A fundamental property of the brain is plasticity, i.e., the ability 
to change in response to experience and use. Plasticity allows the 
brain to learn and remember patterns in the sensory world, to 
refine movements, to predict and obtain reward, and to recover 
function after Injury. The two main mechanisms proposed to explain 
reorganization after peripheral lesions are unmasking of previously 
present but functionally inactive connections and growth of new 
connections (collateral sprouting). Unmasking of latent synapses 
can be due to several mechanisms and include increased excitatory 
neurotransmitter release, increased density of postsynaptic receptors, 
changes in membrane conductance that enhance the selection of weak 
or distant inputs, displacement of pre synaptic elements to a more 
favorable site, decreased inhibitory inputs or removing inhibition 
from excitatory inputs (unmasking excitation) [34,65,66]. Among 
these possibilities, the evidence is strongest for removal of inhibition 
to excitatory synapses, which is likely due to reduction of Gamma-
Amino Butyric Acid (GABA) ergic inhibition, in mediating short-term 
plastic changes. Reduction in activity, based on sensory deprivation 
will reduce amounts of inhibitory neurotransmitter GABA, which 
in turn may allow normally suppressed input originating from long 
range horizontal collaterals of pyramidal neurons located in cortex 
adjacent to deafferented area to become disinhibited. Mechanism 
for Long-term plastic change may include LTP, which requires 
N-methyl-D-aspartate (NMDA) receptor activation and increased 
intracellular calcium concentration. The NMDA receptors regulate 
the flow of calcium ions into neurons, which in turn strengthens 
the spared inputs (synapses) during deprivation-induced plasticity. 
Axonal regeneration and sprouting with alterations in synapse shape, 
number, size and type may also be involved [65]. Increased activity of 

peripheral nociceptors (e.g., due to an amputation-related transection 
of nerves) leads to an enduring changes in the synaptic structure of 
the dorsal horn in the spinal cord and supra-spinal centers, a process 
called central sensitization [30]. In addition reorganization across a 
larger distance may involve actual axonal growth and re-innervation 
[67].

b) Body schema

The body schema can be thought of as a template of entire body 
in the brain [68], and is derived from multiple sensory and motor 
inputs (e.g., proprioceptive, vestibular, tactile, visual, efference copy-
the neural copy of a movement command) that interacts with motor 
systems by generating or initiating movements and actions [69,70]. 
Any change to this body schema, such as amputation, might results in 
perception of phantom limb [69,71]. A further expansion of the body 
schema concept is the “neuromatrix and neurosignature” hypothesis 
proposed by Ronald Melzack in 1989 [2].

c) Neuromatrix and neurosignature

While initially it was broadly assumed that pain could be 
explained and understood as a consequence of nociceptive specific 
activity in primary (S1) and secondary (S2) somatosensory cortices. 
Neuroimaging revealed anterior cingulate cortex as a key area 
necessary for pain experience. And over the time with refinement in 
neuroimaging modalities, further areas were found to be involved in 
pain perception. With establishment of the fact that pain involves 
sensory, affective, and cognitive components, neuroimaging made 
researcher to propose a term pain neuromatrix and neurosignature 
[72]. The neuromatrix can be conceptualized as a network of neurons 
within the brain that integrates numerous inputs from various 
areas including somatosensory, limbic, visual, and thalamocortical 
components. It then results in an output pattern that evokes pain 
or other meaningful experiences. The term “neurosignature” was 
proposed by Melzack to refer to the patterns of activity generated 
within the brain that are continuously being updated based upon 
one’s conscious awareness and perception of the body and self [2]. 
While multiple sensory inputs are integrated to create the body–
self neuromatrix, amputation and deafferentation are commonly 
associated with cortical re-organization, and spontaneous bursts of 
activity that produce output patterns that resemble activity associated 
with pain and thus lead to the conscious experience of phantom 
pain [73]. Raj [74] proposed that the active body-neuromatrix, in 
the absence of modulating inputs from the limbs or body, produces 
a neurosignature pattern, including the high-frequency, bursting 
pattern that typically follows deafferentation, which is transduced in 
the sentient neural hub into a hot or burning quality. The cramping 
pain, however, may be due to messages from the action-neuromodule 
to move muscles in order to produce movement. In the absence of 
the limbs, the messages to move the muscles become more frequent 
and “stronger” in the attempt to move the limb. The end result of the 
Output Message may be felt as cramping muscle pain. Shooting pains 
may have a similar origin, in which action-neuromodules attempt 
to move the body and send out abnormal patterns that are felt as 
shooting pain. 

d) Mirror neurons

Recent neuroimaging data indicates that the human brain is 

Treatments

Central

Supraspinal

Deep brain stimulation

Motor cortex stimulation

Hypnosis, biofeedback, guided imagery

Mirror therapy

Opioids, anticonvulsants

Spinal

Spinal cord stimulation

Sodium channel blockers

NMDA antagonists, opioids

Peripheral

Pharma-
cological

Perineural botulinum toxin, local 
anesthetic injections

Non-pharma-
cological

Pulsed radiofrequency

Peripheral nerve stimulation

Surgery

Table 2: Different Available Treatment Methods for Phantom Limb Pain.
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endowed with a “mirror neuron system”, putatively containing 
mirror neuron, which was first found in macques monkey in 
ventral premotor cortex and later in infraparietal lobule, and other 
neuron for matching the observation and execution of actions. 
Neuroimaging studies showed that mirror neurons on manipulation 
fire both, when the animal manipulates an object in a specific way and 
when it sees another animal (or the experimenter) perform an action 
that is more or less similar. Mirror neuron can be conceptualized as 
retrieving the desired memory item based on sensory stimulus (e.g., 
visual observation) or the motor plan (intention) [75]. In a study by 
Buccino et al. [76] fMRI was used to localize brain areas that were 
active during the observation of actions made by another individual. 
They found that during action observation there was a recruitment of 
the same neural structures which would have been normally involved 
in the actual execution of the observed action, thereby, supporting 
the concept of the action observation/execution matching system 
(mirror system) [76]. In addition to action understanding, mirror 
neurons are involved in other domains of perception and perceptual 
understanding, including emotion [77], disgust [78], touch [79], 
and pain [80-82]. When observing another person in pain, we not 
only consciously comprehend that the other is in pain, but we also 
automatically interpret the experience throughout the same cortical 
networks that mediate personal experience of pain. While there 
may be mirror neuron activity in the pain matrix of healthy people 
without actual perception of pain, mirror neuron system in amputees, 
may be dis-inhibited, leading to empathically perceived pain when 
another is in pain [69,83]. Anterior Insular Cortex (AIC) and the 
Anterior Cingulate Cortex (ACC) which are involved in both the 
personal experience of pain and its empathic experience also process 
feelings of “emotional pain”, such as social rejection or frustration. 
The ACC receives visual information from the superior temporal 
areas, and through its outputs to the premotor and motor areas, cause 
similar motor action responses to a painful stimulus when it is either 
personally experienced, or observed to be experienced by another 
person that is; proposed Superior Temporal Sulcus (STS) ‘sees’ the 
action, whereas the ventral premotor cortex (F5) ‘executes’ the action 
[69].

Proposed mechanism for mirror synasthesia
While atypical connectivity reducing pruning of synapses in 

early development has been proposed as potential mechanism of 
developmental mirror-sensory synasthesia in an individual without 
identifiable cause, atypical connectivity in an amputee may be a 
result of cortical re-organization, suggesting that the unmasking of 
synaptic connection between visual and somatosensory areas may be 
implicated in acquired sensory synasthesia. An alternate mechanism 
is that mirror-sensory synaesthesia may result from hyperactivity of 
otherwise normal brain areas for touch or pain. Atypically, activation 
in mirror areas is greater when one experiences a sensation, or an 
emotion, or carries out an action compared to when the same 
experience is observed in another because of absence of, or reduction 
in, normal inhibitory mechanisms within these mirror systems 
leading to the experience of that touch or pain–mirror-sensory 
synaesthesia [69,75,83].

Spinal mechanism
Increased activity of peripheral nociceptors (e.g., due to an 

amputation-related transsection of nerves) leads to an enduring 
change in the synaptic structure of the dorsal horn in the spinal 
cord, a process called central sensitization [30] where the increase 
in synaptic strength enables previously sub-threshold inputs to 
activate nociceptive neurons, reducing their threshold, enhancing 
their responsiveness, and expanding their receptive fields [84]. 
Presynaptic functional changes after peripheral nerve injury that 
increase synaptic strength include alterations in the synthesis of 
transmitters and neuromodulators and in calcium channel density. 
Postsynaptic changes involve phosphorylation of NMDA subunits 
and increased receptor density due to trafficking and enhanced 
synthesis of ion channels and scaffold proteins [85]. This is followed 
by a phenomenon called the “windup phenomenon” in which there is 
an up-regulation of those receptors in the area [2]. This process brings 
about a change in the firing pattern of the central nociceptive neurons. 
The target neurons at the spinal level for the descending inhibitory 
transmission from the supraspinal centers may be lost. There also 
may be a reduction in the local intersegmental inhibitory mechanisms 
at the level of the spinal cord, resulting in spinal disinhibition and 
nociceptive inputs reaching the supra spinal centers. This lack of 
afferent input and changes at the level of the spinal cord has been 
proposed to result in the generation of PLP [2]. To determine the 
presence of central sensitization in patients, information assessed 
by MRI such as, what changes in sensitivity occurs, as well as where 
and when these changes combine together with objective measures 
of central activity, is needed [86]. The utility of diagnostic criteria for 
the presence of central sensitization would not only be insight into 
the pathophysiological mechanisms responsible for producing pain, 
but more so in defining potential treatment strategies. Neuroimaging 
studies have found changes in the brainstem that are apparently 
specific to central sensitization, in addition to the changes in the 
primary somatosensory cortex that are related to the intensity of pain 
[87-89].

Peripheral mechanism
Axonal nerve damage during an amputation cause disruption 

of the normal pattern of afferent nerve to the spinal cord followed 
by process called deafferentation and regenerative sprouting which 
results in a neuroma [2,4,31]. Afferent fibers in the neuroma develop 
ectopic activity, mechanical sensitivity, and chemosensitivity to 
catecholamines. Altered expression of transduction molecules, up-
regulation of voltage-sensitive sodium channels, down-regulation 
of potassium channels, and the development of new nonfunctional 
connections between axons (ephapses) all serve to increase 
spontaneous afferent input to the spinal cord [31].

Treatments
Non invasive therapy
Pharmacological

a) Acetaminophen and nonsteroidal anti-inflammatory

The analgesic mechanism of acetaminophen is not clear but 
serotonergic and multiple other central nervous system pathways 
are likely to be involved. Non-Steroidal Anti Inflammatory 
Drugs (NSAIDs) inhibit the enzymes needed for the synthesis of 
prostaglandin and decrease the nociception peripherally and centrally 
[2].
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b) Opioids

Beneficial in the treatment of PAP due to its mechanism of action 
at both the spinal level, where it inhibits pain signaling pathways, 
and supraspinal level, where it may diminish the degree of cortical 
reorganization associated with pain intensity [4].

c) NMDA receptor antagonist

NMDA receptor antagonists including ketamine, dex-
tromethorphan, and memantine are thought to block a cascade of 
events leading to sensitization of dorsal horn wide dynamic range 
neurons [4].

d) Antidepressant

The analgesic action of tricyclic antidepressant is attributed mainly 
to the inhibition of serotonin- norepinephrine uptake blockade, 
NMDA receptor antagonism, and sodium channel blockade [2].

e) Anticonvulsants

Gabapentin as a treatment for established PAP have been 
conflicting with both positive and negative trial results. Carbamazepine 
has been reported to reduce the brief stabbing and lancinating pain 
associated with PLP. Oxcarbazepine and pregabalin may also play a 
role in the treatment of PLP, but further studies are required [2,4].

f) Calcitonin 

The mechanism of action of calcitonin in treatment of PLP is not 
clear. Studies relative to its therapeutic role have been mixed [2].

g) Other medications 

The beta-blocker propranolol and the calcium channel blocker 
nifedipine have been used for the treatment of PLP. However, their 
effectiveness is unclear and further studies are needed. Flupirtine, an 
NMDA antagonist and potassium channel agonist, has been reported 
to be effective when used together with opioids in cancer related 
neuropathic pain but needs further studies for other etiologies [2]. 
Dextromethorphan, topical application of capsaican, intrathecal 
opiods, various anaesthetic blocks and injections of botulinum toxian 
and topiramate have been claimed to be effective in phantom pain, 
but none of them have been proven effective in well controlled trials 
with a sufficient number of patients [90].

Non-pharmacological

For such brain stimulation therapies neuroimaging has been used 
to identify (a) the brain areas that the applied current passes through, 
and (b) the neural circuits that it modulates (which may extend 
beyond the site of stimulation through brain networks), to improve 
their therapeutic potential [91].

a) Transcutaneous Electrical Nerve Stimulation (TENS)

Although there are multiple reports of TENS use in PLP 
advocating low-frequency and high intensity TENS as more effective 
than other doses [92], a recent systematic review [93] revealed lack of 
evidence from randomized controlled trials on which effectiveness of 
transcutaneous electrical nerve stimulation for PLP could be judged.

b) TMS

TMS exerts its effects on brain structures via electrical currents 

induced by a powerful magnetic field delivered with a magnetic 
coil over the scalp [94]. More recently, repetitive Transcranial 
Magnetic Stimulation (rTMS) has been introduced as a tool to block 
the maladaptive plasticity in the sensorimotor cortex. It has been 
suggested that the administration of high-frequency rTMS over the 
motor cortex enhances its excitability leading to an indirect activation 
of inhibitory projections towards the thalamus, resulting in a 
modulation of ascending nociceptive signal pathways. Furthermore, 
this modulation of ascending nociceptive signal pathways may 
influence other brain pain-related networks such as the orbitofrontal, 
anterior cingulate gyri, and the periaqueductal gray matter, which are 
related with the affective–emotional components of nociception [95]. 
Previous studies had shown some beneficial effects of rTMS on PLP 
[96-98]. 

Transcranial direct current stimulation (tDCS)

tDCS is a noninvasive method that modulates spontaneous 
neuronal activity with anodal stimulation enhancing cortical 
excitability and cathodal inducing an opposite effect. Recently, tDCS 
has been explored as a neurorehabilitory tool for the treatment of 
chronic PLP. Bolognini et al. [99] studied the effect of anodal tDCS 
over M1 contralateral to the amputated limb in 8 patients with 
unilateral lower and upper limb amputation of different etiologies. 
The authors reported a pain relief immediately after the 5 sessions 
and up to 1 week of the last stimulation session.

c) Mirror therapy

Mirror therapy was first reported by Ramachandran and Rogers-
Ramachandran in 1996 and is suggested to help PLP by resolving the 
visual-proprioceptive dissociation, that is resolve a conflict between 
motor intention and sensory feedback, in the brain [100,101]. The 
visuo-proprioceptive mismatch and the reduced limb representation 
in premotor and primary motor cortical areas can be overcome by 
activation of the so-called mirror neuron system that is; since the 
activation of mirror neurons modulates somatosensory inputs, their 
activation may block protopathic pain perception in the phantom 
limb [102,103]. Parasagittally placed mirror between arms or legs lead 
virtual limb to replace the phantom limb, thereby, giving the illusion 
that the amputated limb is present and can be purposefully moved 
[4].

d) Motor imagery

Motor imagery is based on percepts or sensations generated 
internally by the brain, a mental representation of an actual sensation 
or movement [104]. Moseley et al. [105] showed that the application 
over several weeks of graded motor imagery led to a significant 
reduction of phantom pain. The patients were instructed, among 
other exercises, how they should carry out movements with the 
amputated limb. A controlled neuroimaging study of motor imagery 
in PLP [104] 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 unpleasantness of pain, which 
correlated with reduction (improvement) of cortical reorganization.

e) Biofeedback, integrative and behavioral methods. 

Biofeedback (learned control over autonomic physiologic 
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processes) is mostly anecdotal [4]. Although there are earlier reports 
suggesting temperature biofeedback to be helpful for burning 
sensation of PLP, there is no specific evidence to match specific 
types of PLP with specific biofeedback techniques. There is also a 
case report of visual feedback helpful in reduction of phantom pain 
[2]. Guided imagery, (creating mental images that help promote 
relaxation and healing) relaxation techniques, and hypnosis have 
been employed in the treatment of different neuropathic pains and 
may also be useful for PLP [106-108]. There are case reports of the 
beneficial effect of acupuncture for PLP [109,110]. The effectiveness 
of cognitive behavioral therapy in neuropathic pain syndromes has 
been reported in a number of case studies [111,112].

Invasive neuromodulation
Advances in imaging techniques allowed a direct visualization 

of the target with high-resolution Magnetic Resonance (MR) 
imaging thereby allowing better electrode positioning in such 
neuromodulation treatments. By detecting cortical reorganization, 
fMRI contributes to the indication for motor cortex stimulation for 
phantom pain and aids in electrode positioning [91].

Chronic motor cortex stimulation (CMCS)

Motor Cortex Stimulation (MCS) is an electrical stimulation of 
the precentral gyrus using epidural surgical leads and sub-threshold 
stimulation [113-117]. Although chronic motor cortex stimulation 
is used increasingly for neuropathic pain, its mechanisms of action 
are not entirely known. Furthermore, its effectiveness is variable and 
inaccurate electrode placement has been implicated as the most likely 
cause for this variability [118]. Because fMRI can detect functional 
areas of the brain, it can be coupled with neuronavigation to improve 
positioning. Sol et al., [118] proposed the mechanism leading to pain 
control according to clinical results and fMRI data. Sol et al., [118] 
found that after CMCS the three patients experienced decrease in 
phantom limb sensation. fMRI results showed that primary motor 
cortex, stimulation has strong inhibiting effects on the primary 
sensorimotor cortex as well as on the contralateral primary motor 
corticess and found it to be consistent with the hypothesis described 
by Tsubokawa et al., [119] in which chronic cortical stimulation 
inhibits the hyperactivity of deafferented nociceptive neurons.

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. It has been hypothesized that DBS 
generates a depolarizing blockade that mimics the effects observed 
following lesioning of the same structures, but the exact underlying 
mechanisms remain unclear. DBS directly alters brain activity in a 
controlled manner, and unlike lesioning techniques, it is adjustable 
and reversible. Pereira et al., [120] through his study demonstrated 
efficacy of DBS at 1 year for chronic neuropathic pain after traumatic 
amputation and advocated ventroposterolateral nucleus of the 
sensory thalamus rather than periventricular gray as the first target of 
choice for a neurosurgeon commencing DBS for limb pain.

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 sympatholytic and other 
neuromodulatory effects [121]. 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 
considered for a permanent implantation [122].

Conclusion
Neuropathic pain, an expression of maladaptive plasticity, 

is contributed by multiple alterations such as ectopic generation 
of action potentials, facilitation and disinhibition of synaptic 
transmission, loss of synaptic connectivity and formation of new 
synaptic circuits, and neuroimmune interactions, distributed widely 
across the nervous system and predisposed on this neural lesion is 
genetic polymorphisms; gender, and age factors leading to persistent 
pain. Thus, treatment needs to move from merely suppressing 
symptoms to a disease-modifying strategy aimed at both preventing 
maladaptive plasticity and reducing intrinsic risk [123]. Imaging 
studies provide us an opportunity to obtain objective measures of 
subjective sensations to identify which areas of the brain are likely 
involved in the processing of neuropathic pain and to evaluate the 
location and mechanisms of treatment effects (Becerra et al. 2006). 
However, although neuroimaging has increased our understanding 
of PLP, it seems to represent only the tip of iceberg. More studies 
are needed to further refine and validate the mechanism and provide 
an evidence-based foundation to guide current and future treatment 
approaches.
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