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Background and Objective: Since the beginning of the conflicts in Iraq and
Afghanistan, there has been a dramatic increase in the number of military
service members with single and multiple-limb amputations. Phantom limb
pain (PLP) frequently develops in these individuals. As a result, identifying
the best methods to treat PLP is critical. The review highlights areas of
inquiry related to phantom pain, with a focus on PLP.
Review Summary: This review discusses phantom sensations and phantom
pain that arise after amputation of a body part, and summarizes the differ-
ences between the 2 conditions. Characteristics of PLP are also discussed,
including the onset, duration, and location of PLP. Theories explaining the
etiology and presence of PLP are reviewed, along with the numerous
treatment options reported in the published data for such pain, including the
use of mirrors for treating pain. We conclude with a description of one
military hospital’s experiences with PLP.
Conclusions: Although more research has been done in previous years, this
review identifies the need for continuing investigations. The etiology of PLP
needs to be determined through more vigorous investigation, and a focus
must be placed on defining treatment options in addition to mirror therapy
that will improve the quality of life of those who suffer from this condition.
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medicine, mirror therapy
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The concept of phantom pain—pain that is perceived in a region of
the body that is no longer present—was first introduced by the

French military surgeon Ambrose Pare in the mid-16th century.1 Years
later, Silas Weir Mitchell, the famous Civil War surgeon, provided
perhaps the most complete early description of this unique, painful
phenomenon, coining the term “phantom pain.”2 Since then, scientists
and researchers alike have been investigating the pathophysiology and
etiology of phantom sensations and phantom pain. A wealth of knowl-
edge about the characteristics of phantom pain has been acquired in
recent decades, and advances have been made with regard to its
etiologies. The present review will focus on the numerous theories that
have been formulated by researchers in the field, and a discussion of the
potential treatment options for phantom pain will be provided. Finally,
we will offer an insight into phantom pain from a military perspective
based on our clinical experience with amputee patients from the

ongoing conflicts in Iraq and Afghanistan and will conclude the review
with suggestions for future studies.

PHANTOM SENSATION AND PHANTOM PAIN
The published literature routinely distinguishes between phan-

tom “sensations” and phantom “pains” (see1,3–5 for a review). Wein-
stein,1 for example, has proposed that phantom sensations can be
divided into 3 categories: kinetic sensations, kinesthetic components,
and exteroceptive perceptions. Kinetic sensations are the perception of
movement, taking into consideration perception of both spontaneous
and willed movements. In contrast, kinesthetic components refer to the
size, shape, and position of the missing body part, whereas exterocep-
tive perceptions include touch, pressure, temperature, itch, and vibra-
tion. Weinstein1 describes phantom pain as falling under the category of
“exteroceptive perceptions,” but distinguishes pain from sensation,
stating that phantom pains have a greater intensity than phantom
sensations.

Furthermore, several attempts have been made to establish a
precise description or definition of “phantom pain.” Sherman and
Sherman5 concluded from a survey effort that the characteristics of
phantom pain can be divided into 4 domains: (1) intensity of pain
sensations; (2) frequency of episodes; (3) duration of each episode; and
(4) description of the pain. Earlier work from Melzack3 also sought to
characterize phantom pain. His work describes phantom pain as con-
sisting of 4 distinct properties: (1) persistent, enduring pain after the
injured tissue has healed; (2) comprised of “trigger zones” that poten-
tially spread to other (healthy) areas of the body; (3) often develops in
patients who have experienced previous pain in the affected limb (more
common in civilian amputees compared with military amputees) and
frequently resembles the pain experienced prior to amputation; and (4)
both increases and decreases of somatic input seem to have a positive
influence on pain, and in some cases may even relieve the patient of
phantom pains. However, despite the numerous attempts to classify and
define phantom pain, the pathophysiology and etiology of the condition
remain a mystery.

Perhaps surprisingly, phantom sensations and phantom pains can
occur in many regions of the body. There have been reports of phantom
sensations and pain emanating from unique places such as the breast
(for a review, see6), nose,1 and rectum,7 as well as phantom menstrual
cramps following hysterectomy8 and urination or erection following
penis removal.9 For a more complete review of the various regions
where phantom pain has been experienced, see Table 1.

Despite the number of body parts associated with phantom
sensations and phantom pains, phantom limbs are by far the most
commonly reported body part associated with a “phantom.”8 Limb
amputations are typically due to vascular disease, diabetes, or are the
result of a traumatic event such as a vehicle accident or war-related
trauma, such as blast injury from an improvised explosive device. What
follows is a description of the characteristics that have been associated
with phantom limb pain (PLP).

CHARACTERISTICS OF PLP

Onset and Duration
The reported incidence of PLP varies widely in the literature

(Table 2). These discrepancies likely result from confusion between the
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definition of “phantom pain” and “phantom sensation” and an inability
to distinguish phantom pain from residual limb pain.5 Nevertheless,
most recent studies report PLP at rates of 50% to 85%, significantly
higher percentages than seen in the early literature which reported rates
under 10%.15,29 The differences in the reported rates can likely be
attributed to the methods of data collection; earlier studies tended to
calculate frequencies from medical records based on how many patients
sought treatment for PLP, resulting in an underestimation of PLP
incidence.30,31 Incidence rates have been shown to be independent of
gender, age (in adults), and location and level of amputation.5,24,27 In

addition, the literature has not shown that incidence rates are related to the
mechanism of amputation, that is, elective surgical versus traumatic.22

Most prospective studies report correlations between preopera-
tive pain and PLP,22,24,32 with increased pain before amputation being
associated with increased PLP after amputation. However, other studies
report no such association.5,27,33 The relationship is not simply under-
stood because prospective studies, by necessity, include patients sched-
uled for amputations due to medical illnesses. As a result, they must
exclude those patients who suffer traumatic amputations. As traumatic
amputees largely do not have pain prior to amputation, it is likely that
prospective studies overestimate the association between preamputation
pain and PLP. To further confound the relationship between preampu-
tation pain and PLP, Nikolajsen et al, who found a statistically signif-
icant correlation between the 2 pain indices, also found that patients are
likely to have inaccurate memories of their preoperative pain.24 Fur-
thermore, Lacoux et al34 reported that the incidence of PLP is not
significantly different in traumatic amputees who lose a limb at the
moment of the traumatic event compared with those who suffer an
amputation secondary to the injury incident, eg, because of infection or
other failed limb salvage.

The correlation between residual limb pain and PLP is likewise
ambiguous, as some studies show a positive correlation between pain in
the residual limb and PLP20,24,27 whereas others do not report an
association.5 It is possible that some of this reported correlation results
from an inability to differentiate between the 2 types of pain.

Most studies report that the onset of PLP occurs immediately
after amputation, within the first 24 hours for about half of all patients
and within a week for another 25%.16 However, there have been case
reports of PLP onset years and even decades after amputation.30

Whether the presence or severity of PLP decreases over time remains
an open question. Some studies show significant decreases in PLP over
time postamputation,22,32 whereas others show no significant changes.5

In one study, Nikolajsen et al found that while the incidence did not
decrease over time, the frequency and severity of an individual’s PLP
episodes did decrease.24 As previously mentioned, this study also
identified the difficulty patients have in reflecting back on previous pain
levels.24 This inability to recall pain severity likely contributes to the
inconsistencies of incidence rates in the literature.

Description and Localization
Patients report experiencing a wide range of pain character-

istics, including burning, cramping, and tingling, as well as lanci-

TABLE 1. Body Parts That Have Been Associated With
Phantom Sensations or Phantom Pain

Body Part Reference

Appendix 8

Bladder 1, 10, 11, 12

Breast 1, 6, 8, 12

Digit 1

Eye 1, 12, 13

Face (if certain portions of the face have been removed) 8

Menstrual cramps after hysterectomy 1, 8, 12

Nose 1

Penis (including phantom erections and ejaculation in
paraplegics and in patients who have had the penis
removed; also including the sensation of urination
following penis removal)

1, 9, 12

Rectum (including sensations of flatus and feces; and
pains including pricking and shooting, as well as
hemorrhoids or hard stools that would rupture
rectum)

1, 7

Teeth 1, 12, 14

Tongue 1

Ulcer pains after partial gastrectomy 8

TABLE 2. Reported Incidence of Phantom Limb Sensation
(PLS) and Phantom Limb Pain (PLP) in the Literature

No.
Subjects PLS Incidence (%) PLP Incidence (%) Reference

300 98 15

98 4

73 100 67 16

72 86.1 82 upper limb 17

54 lower limb 18

58 84 after 8 d 72 after 8 d 19

90 after 6 mo 67 after 6 mo

764 85 5

2750 78 20

124 59 21

176 87 78 22

32 50 23

56 75 24

526 55 25

60* 7.4 congenital 3.7 congenital 26

69.7 surgical 48.5 surgical

99 76 51 27

65 53.8 44.6 28

*Study limited to children and adolescents ages 8 to 18.

Most recent studies report phantom limb pain at

rates of 50% to 85%.

The onset of phantom limb pain occurs immediately

following amputation, within the first 24 hours for

about half of all patients and within a week for

another 25%.
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nating electrical shocks, itching, stabbing, throbbing, and even a
feeling of “pins and needles.”1,4 Some patients also give very
specific descriptions of their phantom limb that mirror preamputa-
tion pain, eg, fingernails digging into the palm,8 or from our clinical
experience, cramping resulting from clutching a grenade, firing a
rifle, or boots compressing toes too tightly.35 A few amputees are in
constant pain, but most experience episodes that can be as short as
a few seconds or as long as an hour or 2.8,35 Although PLP is
experienced in both upper and lower limb amputees, it tends to be
localized distally regardless of amputation location.24,32

As is evident, the characteristics of PLP are widespread and
tend to be unique across individuals. Although discrepancies exist in
the reported incidence of PLP, recent studies have indicated a higher
prevalence of PLP than ever before (see Table 2). From our
experience with wounded soldiers at Walter Reed Army Medical
Center in Washington, DC, the majority of patients we have en-
countered have reported experiencing phantom sensations and
PLP.35 Theories as to why sensations and pain develop and persist
in absent limbs are highlighted later.

THEORIES OF PLP
There are numerous theories surrounding the pathophysiol-

ogy and etiology of PLP in the literature. Both central and peripheral
nervous system mechanisms have been proposed, and some experts
suggest that phantom pain is a combination of both. Below is a
description of the various theories that have been proposed to
explain the occurrence of PLP in amputees.

Central Nervous System Theories
Cortical Reorganization and Neuroplasticity

Cortical reorganization is the most commonly cited reason for
the existence or development of phantom pain. Extensive experimental
evidence has shown that the somatosensory and motor cortices undergo
neuroplastic changes following limb amputation.36–39 The literature
suggests that cortical areas representing the amputated extremity are
taken over by neighboring representational zones in both the primary
somatosensory cortex (S1) and motor cortex (M1).8,37,40–42

Patrick Wall43 was a pioneer in demonstrating plasticity in
the adult central nervous system. Since then, human and animal
models have been used to investigate the extent of cortical
reorganization that occurs in the central nervous system follow-
ing deafferentation or amputation. Magnetoencephalography,
transcranial magnetic stimulation, functional magnetic resonance
imaging, and direct electrical stimulation of the cortex have all
been used to demonstrate changes in the organizational map of
cortical neurons after amputation.41,44 – 47 One of the first animal
studies to prove cortical plasticity following amputation used
microelectrodes on adult owl monkeys. Researchers found that
when 1 finger was amputated, the sensory input from adjacent
digits took over.45 Furthermore, the amount of cortical reorgani-
zation has been found to be dependent upon the size of the
deafferented region(s); the greater the deafferentation, the greater
the cortical reorganization.41

Ramachandran et al46 used magnetoencephalography to dem-
onstrate cortical reorganization in humans following amputation.
They investigated 4 upper extremity amputees, and determined that
the Penfield map, which shows the organization of the sensory-
motor cortex in humans, can be reorganized by at least 2 or 3 cm
in the adult brain. Their findings were the first to confirm that
large-scale reorganization of topography can occur over several
centimeters in the brain of adults.8,46 Furthermore, Flor et al37

conducting imaging studies, have confirmed that there is a rela-
tionship between S1 reorganization and the intensity of PLP—the
greater the extent of S1 reorganization, the more intense the PLP
experience. One other study used functional magnetic resonance
imaging to study intact hand and lip movements, as well as
phantom limb movements, in 14 upper extremity amputees.48

These data were compared with a healthy control group that
performed hand and lip movements, as well as imagined hand
movements. Patients with PLP were the only group to exhibit
reorganization of the S1 and M1 regions. During lip movements,
the representation of the lip region shifted to the area that
previously corresponded to the deafferented hand.

As is evident from the literature, many researchers have
investigated cortical reorganization as a plausible explanation for the
occurrence of PLP. However, other theories have also been posited.

Body Schema
Originally proposed by Head and Holmes in 1912,49 the

concept of a “body schema” refers to a continually changing repre-
sentation in the brain of the different positions one’s limbs could
occupy. The body schema is modified by nerve impulses from the
cutaneous, proprioceptive, visual, and vestibular systems, and is,
therefore, plastic and acquired throughout experiences.49,50 Bro-
mage and Melzack,51 in contrast, while agreeing that the body
schema promotes important postural functions, proposed that the
body schema is fixed and possibly inherited. Many years later,
Schwoebel et al52 defined body schema as a dynamic representation
of the relative positions of body parts derived from multiple sensory
and motor inputs (eg, 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. The body schema can be thought of as a template of the
entire body, and changes to the body—such as an amputation—
results in the perception of a phantom limb.12,53 Studies investigat-
ing congenital limb deficiencies have even suggested that the brain
is naturally inclined to retain an intact and fully functional image of
the body, regardless of the body’s true appearance.12,54 These
theories are supported by the observation that congenital amputees
often experience PLP.55–57

Cortical areas representing the amputated extremity

are taken over by neighboring representational

zones in both the primary somatosensory cortex

(S1) and motor cortex (M1).

Patients report experiencing a wide range of pain

characteristics, including burning, cramping, and

tingling, as well as lancinating electrical shocks,

itching, stabbing, throbbing, and even a feeling of

“pins and needles.”
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Neuromatrix Theory
Ronald Melzack58 introduced the “neuromatrix theory” to

account for meaningful experiences of the limb, such as phantom
limb sensation or pain. The proposed theory can be thought of as an
extension to previous theories regarding the body schema. Specifi-
cally, the neuromatrix theory proposes that the “body-self neuroma-
trix” is a network of neurons within the brain that integrates
numerous inputs from the body, including somatosensory, limbic,
visual, and thalamocortical components, and results in an output
pattern that evokes pain or other meaningful experiences.59,60 The
neuromatrix involves the sensory, affective, and cognitive dimen-
sions of the experience of pain.60 The neuromatrix retains a central
representation of each limb, and upon life experiences, this repre-
sentation can be changed or modified to account for each new
experience.

The theory proposes that the internal awareness of one’s body
is created within the brain, and is activated by various perceptual
inputs. The inputs received by the brain are plentiful, and according
to Melzack,60 include the following: (1) somatosensory inputs; (2)
visual inputs; (3) phasic and tonic cognitive and emotional inputs;
(4) intrinsic neural inhibitory modulation; and (5) inputs that relate
to the body’s stress system (ie, cytokine, endocrine, autonom,
immune, and opioid systems). The exact architecture of the pain
neuromatrix, however, is determined by genetic and sensory
modalities. The term “neurosignature” was proposed by Mel-
zack58 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. Mel-
zack proposed that phantom pain is caused by the deprivation of
various inputs from the limbs to the neuromatrix, causing an
abnormal neurosignature to be produced.58,60

This theory has been reviewed by other researchers in the
field and has gained mixed reviews. Giummarra et al12 have criti-
cized the validity of the theory, emphasizing that while it may
address various aspects of phantom phenomena, it cannot be tested
on phantom sensations that are pain-free. As a result, the theory is
difficult to establish as the sole reason for the existence of phantom
limbs.

Additional Theories
Ramachandran and Hirstein8 have proposed several theories

surrounding the onset and occurrence of PLP. They first put forth the
suggestion that the PLP experience develops because tactile and
proprioceptive inputs from the face and tissues near the residual
limb take over specific regions of the brain. This theory ultimately
leads to their version of “cortical remapping” as an explanation for
the development of PLP. However, recognizing that remapping
cannot explain the entire occurrence of PLP in every individual with
the condition, they have proposed a more in-depth model of phan-
tom limbs—the “multifactorial model.”

With perception in mind, Ramachandran and Hirstein8 sug-
gest that there are at least 5 different sources that contribute to the
PLP experience: (1) residual limb neuromas; (2) cortical remapping;
(3) monitoring of corollary discharge from motor commands to the
limb; (4) one’s body image; and (5) vivid somatic memories of
painful sensations or posture of the original limb being “carried”
over into the phantom. Perhaps the most important aspect of the
theory is the emphasis that all 5 components work together and
reinforce each other. As a result, individual experiences with PLP
may differ.

An additional theory proposed by Ramachandran and Hirst-
ein8 is termed “learned paralysis.” This theory relates to the occur-
rence of volitional control over a phantom arm.

The learned paralysis is most applicable, for example, to the
clinical scenario of a paralyzed arm due to brachial plexus avulsion
which occurs prior to limb amputation. In this theory, the brain has
ample time to “learn” that the limb is immobile because when
messages are sent from the motor cortex to the “paralyzed” limb, the
visual feedback that is relayed to the brain informs the individual
that the limb cannot move. As a result, this message is continually
received and repeated in the neural circuitry of the parietal lobe, and
results in the brain “learning” that the arm is fixed in that position.
Ramachandran and Hirstein8 suggest that a similar situation may
occur after a surgical amputation. Rather than the brain receiving
information that the limb is immobile, it fails to receive feedback
from a newly amputated limb to confirm that a motor command has
been followed. As a result, an individual has volitional control over
his or her phantom limb directly after an amputation; however, after
a certain period of not receiving confirmation that the command was
followed, the ability to control limb movement diminishes and the
phantom is experienced as “paralyzed.”

Finally, a theory put forth by our group suggests that PLP is
the result of a phenomenon which we term “proprioceptive me-
mory.”61 Proprioception refers to the internal awareness of limbs
and limb location, and proprioceptive memories refer to memories
of specific limb positions. Our hypothesis proposes that propriocep-
tive memories remain in an individual, even after a limb has been
amputated. Presumably, the brain mechanisms that pertain to mem-
ory have not changed; therefore, it is likely that memories of motor
and sensory information for a limb can continue to be recalled at
will. Because memories remain intact, proprioception occurs as it
did prior to amputation. The realization that a limb is missing arises
through the visual system, but not the proprioception system. The
rest of the body continues to work as it always has; nerves that are
associated with the missing limb are still active, resulting in a false
misrepresentation of the limb’s presence. In the case of a “para-
lyzed” phantom limb, perceived sensations of muscle cramping or
joint fatigue, for example, might be explained by the existence of
such proprioceptive memories.

Further support for this hypothesis is provided by a study
conducted by Gentili et al62 who investigated patients’ perceptions
of limb location under regional anesthesia. They found that the
actual position of the limb and the patients’ perceived position of the
limb frequently differed. The authors postulated that patients under-
going regional anesthesia seem to only take into account the last
input received by the proprioception system, just prior to the time at
which the anesthetic becomes effective. They concluded that pa-
tient’s perceive their last memory of limb position to be the only
location the limb occupied throughout the operation. Following the
onset of regional anesthesia, patients were unaware that their limb
had been moved to occupy a different position. When they were
questioned about limb position after surgery, the patients reported
that their limb was occupying the same position as it did before
surgery.62

Many hypotheses have been proposed to account for the pain
that develops in the phantom limbs of amputees and subsequently

A theory put forth by our group suggests that

phantom limb pain is the result of a phenomenon

which we term “proprioceptive memory.”
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tested, yet it remains to be established which theory (or theories)
portray(s) the most accurate explanation for the existence of PLP. In
addition to the many cortical theories that have been put forward,
some researchers believe PLP is caused by peripheral mechanisms.

Peripheral Nervous System Theories
One of the strongest arguments for peripheral causes of PLP

arises from the correlation seen between PLP and residual limb pain.
Amputees with chronic residual limb pain experience PLP signifi-
cantly more frequently.5 The mechanisms for this relationship are
not clear. However, in the residual portions of amputated limbs,
neuromas commonly form at the site of a nerve transection. These
neuromas exhibit abnormal activity following mechanical or chem-
ical stimulation.31 Two studies have independently shown that
repetitive touching of the residual limb results in increased PLP.30,63

Furthermore, studies have shown that PLP decreases with the
resolution of pain in the residual limb.16 Although these correlations
are compelling, they are not sufficiently informative to explain why
some researchers do not show a significant correlation between
residual limb pain and PLP.5 Congenital amputees also sometimes
experience PLP, meaning that neuromas cannot entirely explain the
experience of pain.55,57,64 A possible explanation for this inconsis-
tency is that there are many confounding factors at work in the study
of the residual limb pain-PLP relationship. Residual limb pain, for
example, can interfere with prosthetic use and rehabilitation.30

However, multiple reports claim that functional use of a prosthesis
and successful rehabilitation decreases PLP.65,66 Although the
reasons for this correlation were outside the scope of the studies,
it is possible that incorporation of the prosthesis into a patient’s
body schema on some level results in reduced PLP. Amputees
remain cognizant of their limb loss and, therefore, likely do not
fully represent the artificial limb at the cortical level. However, it
has been shown that wearing a prosthesis helps maintain a body
schema in which the phantom limb remains similar to the intact
one, as such a representation is necessary for movements to be
carried out properly.67

Peripheral causes of PLP are also implicated based upon
research examining peripheral injections of locally active drugs. One
study reported the perineuronal injection of the acetylcholine
blocker gallamine, which increases sodium intracellular concentra-
tions, produces PLP in amputees while the injection of lidocaine
(which blocks sodium channels nonspecifically) into neuromas of
the residual limb, blocks PLP.68

The theory proposed by Ramachandran and Hirstein8—that
there are at least 5 different sources that contribute to phantom pain
(residual limb neuromas, cortical remapping, corollary discharge,
body image, and somatic memories)—is perhaps the strongest hy-
pothesis linking phantom pain to both cortical and peripheral mech-
anisms as it uses pathways from both systems to explain the range
of phantom limb sensations reported. However, the authors do not
address the degree of contribution to PLP that arises from the central
and peripheral nervous systems. Nevertheless, other experts promote
only cortical or only peripheral mechanisms. Clearly, more research
is needed to ascertain the mechanisms that truly account for PLP.

TREATMENT OPTIONS
Treatment options for PLP have generally been limited, and

there is no clear consensus on an optimal treatment regimen. It is
possible that some treatments will be more efficacious for specific
patient cohorts. Several pharmacologic studies have been carried out
to examine the effectiveness of various drug interventions on PLP.
However, the results from these studies failed to reveal an optimal
treatment algorithm or the usefulness of individual drugs. Some of
the most common medications used to treat PLP are opioids,

anticonvulsants, lidocaine/mexiletine, clonidine, ketamine, amitrip-
tyline, nonsteroidal anti-inflammatory drugs, and calcitonin.

Despite multiple problems with the use of opioids to treat
acute pain, they remain one of the common prescriptions to com-
plement both oral analgesics and regional anesthesia. Opioids bind
to opioid receptors peripherally and centrally, providing analgesia
without loss of touch, proprioception, or consciousness.69 Opioid
medications include piperidine, morphine, methadone, hydromor-
phone, and fentanyl. There is further evidence that opioids may
diminish cortical reorganization, thereby disrupting one of the pos-
sible mechanisms through which it is believed that PLP origi-
nates.8,40,70–72 Morphine has been shown to be effective in decreas-
ing PLP in some instances,73,74 but the high rate of undesirable side
effects frequently makes it an unattractive solution for providers and
patients alike. In our experience, war-wounded service members
who have been taking high doses of methadone have not experi-
enced any relief of PLP.35

In addition to opiates, anticonvulsants have long been used in
the treatment of PLP. Gabapentin, for example, a drug that is
effective in treating several syndromes of neuropathic pain, has been
shown to relieve pain in up to two-thirds of patients in one study75

and to be significantly more effective than placebo in another.76

However, 2 additional studies both showed that gabapentin did
not substantially affect pain in adults with PLP, either in the
immediate postoperative period31 or when used for chronic
pain.77 In contrast, another anticonvulsant, carbamazepine, was
shown to reduce intense and brief stabbing pains of PLP but not
other types of PLP.78,79 Consequently, the role of anticonvulsants
in treating PLP remains unclear.

Similarly, studies have reported that amitriptyline, a tricyclic
antidepressant, appears to provide excellent and stable PLP control
in one study80 but failed to effectively control pain in another.81

However, secondary amines such as nortriptyline and desipramine
are perhaps equally effective and have fewer side effects. These
drugs were demonstrated by Panerai et al82 to be effective in
resolving central pain syndromes, but their study group was not
limited to patients with PLP. In an open-label case series conducted
by Kuiken et al,83 mirtazapine, an antidepressant without the
multiple side effects typically seen with tricyclic antidepressants,
treatment of 4 patients resulted in marked decrease in PLP by at
least 50%.

In addition, clinical studies examining the effect of calcitonin
simultaneously question84 and support85 the usefulness of the drug
in chronic PLP. Other suggested pharmacologic agents for treating
PLP include oral tramadol tablets80; perioperative epidural infusion
of a diamorphine, clonidine, and bupivacaine cocktail86; a clonidine
and mexiletine combination regimen87; and intravenous ketamine.88

Nonsteroidal anti-inflammatory drugs are also considered promising
in the treatment of PLP as the most recent agents in the class
decrease nociception both peripherally and centrally.89 Despite their
initial promising results, these drugs have not been tested in con-
trolled trials.

Although pregabalin has been used in the treatment of neu-
ropathic pain,90 and some providers have used it successfully off
label to treat PLP, to date there have been no definitive studies
examining its efficacy. The oral NMDA receptor antagonist, me-
mantine, has been shown in 2 case studies to significantly reduce
severe PLP.91 Although previous controlled trials using memantine
to treat chronic PLP following amputation showed little suc-
cess,92–94 a more recent double-blinded placebo-controlled trial of
memantine administration for the 4 weeks following amputation
showed significance decrease in PLP.95 In their review of the
literature, Buvanendran and Kroin96 concluded that memantine may
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be a useful supplement when used soon after amputation to treat
PLP but less useful for established chronic neuropathic pain.

In addition to pharmacologic interventions, many nontradi-
tional therapies for pain have been applied to PLP with varying
degrees of success. These therapies include transcutaneous electrical
nerve stimulation (TENS), deep brain and spinal cord stimulation,
acupuncture, and virtual reality/mirror therapies. Although the
mechanisms of pain relief for these treatments are not fully under-
stood, there are promising results that warrant further study.

Controlled experiments examining the effect of brief, intense
transcutaneous electrical stimulations at triggers points on the resid-
ual limb or along the course of the peripheral nerve of the residual
limb led to an average PLP decrease of 66%, significantly more
effective than placebo contributions to pain reduction.97 It has also
been suggested that TENS on the healthy side of the body may give
better long-term improvement than stimulating the affected, painful
area.98,99 However, more recent reports found no significant differ-
ence in the analgesic requirements or reported prevalence of PLP
after treatment for postoperative pain or chronic PLP with active
low frequency TENS compared with sham TENS, although
treatment did result in faster residual limb healing.100 A case
report suggests that TENS applied to the contralateral leg was
significantly more effective than a placebo in decreasing the
intensity of phantom sensations.101 Further research revealed a
moderate, yet statistically significant decrease in pain 10 minutes
after onset of auricular TENS.102

Temporary and immediate relief of PLP has also resulted
from deep brain stimulation of the ventral caudal thalamic nuc-
leus.97,99,103–105 Stimulation of the posterior columns of the spinal
cord led to reduction of pain levels by 25% in 65% of patients
immediately following surgery. However, only about half of those
experiencing pain reduction derived long-term relief from
PLP.106,107 Subsequent reports have not replicated these find-
ings.108,109 Likewise, epidural spinal cord stimulation does not
appear to help decrease the intensity or frequency of PLP.110,111

Other treatments for PLP that have been reported to have
mixed results include anesthetic and surgical neuroablation112 as
well as psychologic interventions113 that include cognitive and
behavioral methods. Acupuncture has been reported in multiple
cases to temporarily relieve PLP,114,115 but an additional case report
noted that acupuncture failed to provide PLP relief following a
traumatic limb amputation.115 The results from studies of these
treatments, like many of the pharmacologic interventions, show that
the therapies do not consistently reduce or relieve PLP in patients
nor are their mechanisms of action fully understood.

Perhaps the most promising therapy for treating PLP is mirror
therapy, first reported by Ramachandran and Rogers-Ramachandran
in 1996.116 In this treatment, the patient views the reflection of their
intact limb moving in a mirror placed parasagittally between the
arms or legs while simultaneously moving the phantom hand or foot
in a manner similar to what they are observing. The virtual limb in
the mirror appears to be the missing limb. Patients have reported a
relief of cramping and “frozen limb” phantom pains as a result of
even one session with the mirror.8 Efficacy of mirror therapy was
reported to be 60% (9/15 upper limb amputees). The only random-
ized, sham-controlled, crossover study of mirror therapy was con-
ducted by Chan et al117 in lower limb amputees. In this study,
subjects viewed the reflection of their contralateral leg and foot in a
plane mirror placed parasagittally along their body (Fig. 1). For 15
minutes each weekday for 4 weeks, subjects performed simple
movements of the foot/leg with their intact limb, viewed the virtual
image in the mirror, and mimicked the movements with their
phantom. The movements included toe flexion and extension, foot
dorsi- and plantar flexion, rotation about the ankle and inversion/

eversion, and knee flexion and extension (for above knee amputees).
Pain scores were measured daily using a 100-mm visual analogue
scale, where 0 mm was no pain and 100 mm the most severe pain.
The study showed significant decreases in PLP in patients who
underwent mirror therapy compared with 2 control groups (covered
mirror and mental visualization therapies) (Fig. 2).

The mechanisms of pain relief are unclear, although Ram-
achandran suggested that mirror therapy resolves the visual-propri-
oceptive dissociation proposed as an explanation for PLP. The

FIGURE 1. Mirror therapy for lower extremity amputee.

FIGURE 2. Results of a sham-controlled, randomized, cross-
over trial of mirror therapy to treat phantom limb pain.117

Unilateral lower limb amputees who underwent mirror ther-
apy daily for 4 weeks to treat PLP showed significant de-
creases in pain compared with those patients undergoing
mental visualization therapy or using a covered mirror.
When the 2 control groups were crossed over to mirror ther-
apy at the 4-week point of the study, they also showed a
significant decrease in PLP scores after 4 weeks of mirror
therapy. Reprinted with permission from Chan BL, Witt R,
Charrow AP, et al. Mirror therapy for phantom limb pain.
N Engl J Med. 2007;357:2206–2207. Copyright © 2007
Massachusetts Medical Society. All rights reserved.
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success of mirror therapy compared with both covered mirror and
mental visualization therapies indicates that vision is the critical
component in resolving pain and that the visual feedback provided
by mirror therapy might allow vision to dampen any mismatch in
brain signal perception.117 Whereas all 6 patients in the mirror
therapy group had decreased PLP, use of covered mirror and mental
visualization treatments, which lack the overt visual input generated
by viewing the intact limb moving in a mirror, not only did not
significantly reduce phantom pain, in some instances these therapies
actually worsened pain.117 Such results are consistent with the
visual-proprioception dissociation theory.

Although the results of the Chan et al117 study appear to
provide further support for the postulate that a mismatch between

visual and proprioceptive inputs contribute to the generation of PLP,
it is not clear why a mismatch would cause pain. Rossi et al,118

however, offer further evidence to explain the success of mirror
therapy, while giving insight to a possible mechanism of pain relief.
Their findings expand upon those of Rizzolatti et al,119 who found
the existence of mirror neurons in monkeys—neurons that fire both
when the animal performs an action, as well as when it observes the
same action performed. Rossi et al discovered homologous neurons
in humans.118 Ramachandran and Rogers-Ramachandran120 pro-
vided further evidence for the presence of these mirror neurons by
finding that “touching” the virtual image of the limb in the mirror is
sufficient to elicit tactile sensations on the phantom limb. These
experiments explained why a person with intact limbs only empa-

TABLE 3. Summary of Treatment Options for Phantom Limb Pain

Treatment Type of Study Significant Effects Reference

Level I (at least 2 randomized, controlled studies)

Morphine R, PC, DB, CO; N � 31 SBP 73

R, PC, DB, CO; N � 56 SBP 74

R, PC, DB, CO; N � 12 SBP 70

Gabapentin Meta-analysis of 15 studies; N � 1468 Effective in neuropathic pain, including PLP;
ineffective for acute pain

75

R, PC, DB, CO; N � 14 SBP 76

R, PC, DB; N � 41 NDP 121

R, PC, DB, CO; N � 24 NDP 77

Level II (randomized controlled study and other
evidence)

Amitriptyline and tramadol† R, PC, DB, CO; N � 84 Both drugs SBP 80

Amitriptyline R, PC, DB; N � 39 NDP 81

Tricyclic antidepressants, including R, PC, DB, CO; N � 39 Decreases central pain syndromes 82

Chlorimipramine SBP and nortriptyline

Nortriptyline SBP

Calcitonin R, PC, DB, CO; N � 20 Question effectiveness 84

R, PC, DB, CO; N � 21 Support effectiveness 85

TENS Case report, PC*, N � 1 SBP 101

PC, N � 53 SBP 97

Mirror therapy R, PC, CO; N � 21 SBP 117

Case studies 8

Ketamine PC, DB, CO; N � 20 Significant decrease in PLP 84

Case series, N � 11 Decreases in PLP 88

Memantine R, PC, DB, CO; N � 19 NDP 92

R, PC, DB; N � 36 NDP 93

R, PC, DB, CO; N � 8 NDP 94

R, PC, DB; N � 19 SBP over 1, 6 mo 95

NDP over 12 mo

Two case studies Significantly reduce PLP 91

Level III (other evidence)

Carbamazepine Case series, N � 5 Decreases PLP 78

79

Mirtazapine Open-label case study, N � 4 Decreases PLP by at least 50% 83

Diamorphine/clonidine/bupivacaine—perioperative
epidural infusion

PC; N � 24 SBP 86

Clonidine/mexiletene Open-label, N � 31 Significant decrease in PLP 87

Acupuncture Case series, N � 9 Decreases PLP 114

Case series, N � 3 Decreased PLP in 2/3 115

*Subject received real and placebo TENS during separate sessions.
†Double blind compared to placebo for both medications. Open label comparison of medications to each other.
SBP indicates significantly better than placebo in treating PLP; NDP, no significant difference when compared to placebo; PC, placebo controlled; DB, double-blinded; R,

randomized; CO, crossover; N, number of subjects.
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thize with the person they observe, rather than feeling it themselves,
because of the null input from their intact limb. Patients with
missing limbs do not receive such null input. As a result, activation
of mirror neurons in an amputee may create a perception of tactile
sensation. Consequently, since the activation of these mirror neurons
modulate somatosensory inputs, their activation may have blocked
protopathic pain perception in the phantom limb. A summary of the
evidence for each treatment modality for PLP is shown in Table 3.

THE WALTER REED EXPERIENCE: A MILITARY
PERSPECTIVE OF PLP

The recent wars in Iraq and Afghanistan have resulted in a new
population of amputee patients who are younger than typical amputee
populations and are much more physically fit, active, and motivated in
their rehabilitation efforts. As a result, new research is necessary to
investigate the special considerations for this population and perhaps
offer new insights into the mechanisms of PLP itself.

Since the beginning of the conflicts in Iraq and Afghanistan, over
900 amputees have been treated at Walter Reed Army Medical Center
in Washington, DC. As part of routine treatment efforts, the patients are
asked to describe their experience with phantom sensation and phantom
pain. There have been a plethora of responses regarding the onset,
duration, description, and location of phantom sensations and phantom
pains from those queried. Furthermore, some explain they have voli-
tional control over their phantom, and can move their phantom at will,
while others report their phantoms being fixed in a specific position.
Some even report the inability to make movements with the phantom,
despite the presence of a strong sensation or pain emanating from their
residual limb. For example, one service member reported that his
phantom hand was in a distinct position: he felt he was pulling the
trigger on his rifle with his index finger, and was unable to move his
hand to a different position. He also felt cramping pains in his hand
muscles. Another service member, a bilateral, above knee amputee,
described the feeling of heavy legs, asserting that the feeling was similar
to weights attached to his calf muscles. He also described that it felt as
though his combat boots were on too tightly. Many other unique and
interesting reports have been offered by other injured service members,
demonstrating the need to continue research on phantom limbs and the
associated characteristics of this phenomenon. We are currently con-
ducting a randomized, controlled trial of mirror therapy with upper
extremity amputees to assess whether the response rate is similar to that
for lower extremity amputees. In addition, we are also using functional
magnetic resonance imaging to examine what changes occur in the
brain after 4 weeks of mirror therapy. In 10 patients who have partic-
ipated in either study or who were treated with mirror therapy for their
PLP, 8 (80%) experienced pain relief.

Of the theories that have been proposed thus far, it seems
likely that a combination of cortical and peripheral mechanisms
must interact and result in the phantom pain experience, as no single
pathway seems to account for the spectrum of phantom sensations
experienced by each amputee. For example, cortical reorganization,

one of the best supported theories, cannot by itself explain phantom
pain, as it fails to account for the experience of phantom sensations
or phantom pain in children with congenitally missing limbs. The
same can be said for the remaining theories that have been proposed
to provide an explanation for PLP; the body schema, neuromatrix,
and learned paralysis theories all have strengths, but each theory by
itself does not account for the entire spectrum of PLP. Therefore, we
are led to conclude that phantom pain is likely to be the result of a
combination of cortical and peripheral mechanisms, as well as visual
and proprioceptive inputs.

CONCLUSION
Our knowledge of PLP has drastically increased since it was

first articulated as a clinical problem several hundred years ago. We
are significantly more aware of its incidence, severity, and manifes-
tations. In addition, there are some promising therapies, pharmaco-
logic and otherwise, for its treatment and a multitude of theories
have been developed to try to explain what we observe in amputee
patients. However, we continue to lack evidence and a clear expla-
nation as to why some individuals develop PLP and some do not,
why some pain subsides over time and other PLP persists, and what
molecular and biologic mechanisms are at work. With the exception
of opioids and mirror therapy, many of the other reported treatment
modalities lack robust studies to support their effectiveness. Further
studies are critical to discover the answers to these questions, to
evaluate therapies, and to improve the care we can provide to
amputee patients who experience this unique condition.
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