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Objective: Phantom limb pain (PLP) is prevalent in patients post-amputation and is 
difficult to treat. We assessed the efficacy of mirror therapy in relieving PLP in unilateral, 
upper extremity male amputees.

Methods: Fifteen participants from Walter Reed and Brooke Army Medical Centers were 
randomly assigned to one of two groups: mirror therapy (n = 9) or control (n = 6, covered 
mirror or mental visualization therapy). Participants were asked to perform 15 min of their 
assigned therapy daily for 5 days/week for 4 weeks. The primary outcome was pain as 
measured using a 100-mm Visual Analog Scale.

results: Subjects in the mirror therapy group had a significant decrease in pain scores, 
from a mean of 44.1 (SD  =  17.0) to 27.5 (SD  =  17.2) mm (p  =  0.002). In addition, 
there was a significant decrease in daily time experiencing pain, from a mean of 1,022 
(SD  =  673) to 448 (SD  =  565) minutes (p  =  0.003). By contrast, the control group 
had neither diminished pain (p  =  0.65) nor decreased overall time experiencing pain 
(p = 0.49). A pain decrement response seen by the 10th treatment session was predic-
tive of final efficacy.

Conclusion: These results confirm that mirror therapy is an effective therapy for PLP in 
unilateral, upper extremity male amputees, reducing both severity and duration of daily 
episodes.

registration: NCT0030144 ClinicalTrials.gov.
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inTrODUCTiOn

Shortly after amputation of a limb, up to 95% of all patients report painful or non-painful neurologic 
symptoms, which fall into the category of either residual limb pain (RLP), phantom sensations 
(PSs), or phantom limb pain (PLP) (1). PSs, or non-painful sensations perceived to be emanating 
from the phantom limb, typically begin soon after surgery, with one-third of patients reporting 
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TablE 1 | Participant demographic information.

age Side Site of amputation Cause of injury Time since 
injury (months)

1 25 Right Trans-humeral MVA 1.06
2 31 Right Trans-radial IED 2.29
3 22 Right Trans-humeral IED 0.61
4 27 Left Wrist disarticulation IED 0.74
5 20 Left Trans-radial MVA 2.00
6 68 Left Trans-humeral Boating accident 0.75
7 22 Left Trans-radial IED 4.00
8 21 Right Trans-humeral IED 0.55
9 19 Left Trans-radial IED 4.00

10 20 Right Trans-humeral IED 9.00
11 22 Right Wrist disarticulation Dynamite 11.00
12 21 Right Trans-humeral IED 3.58
13 22 Right Trans-radial IED 1.13
14 31 Right Trans-radial IED 3.00
15 60 Right Trans-radial IED 24.00

MVA, motor vehicle accident; IED, improvised explosive device.
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these within 24 h, three-quarters within 4 days, and 90% within 
6 months (2). RLP, formerly known as “stump pain,” can persist 
for years post-amputation in as many as 74% of patients (3). PLP, 
pain perceived to be emanating from the phantom limb, typi-
cally begins within 6 months after amputation and can persist 
for years, with prevalence rates several years after surgery as high 
as 85% (4, 5).

Phantom limb pain is extremely difficult to treat as demon-
strated by the numerous failed medication trials (6). Further, 
while there are many medications used to treat PLP, most have 
not been tested through rigorous controlled clinical trials, and 
their efficacies are instead based on positive treatment response 
for other neuropathic pain conditions (7–31).

The use of a virtual–reality mirror-box to treat amputee PLP 
was first reported by Ramachandran and Rogers-Ramachandran 
(32). The therapy stemmed from a theory of “learned paralysis” 
(32). According to this postulate, after amputation the brain still 
transmits efferent motor commands to the limb, yet, because the 
limb is missing, it fails to receive afferent sensory signals confirm-
ing that the limb successfully moved. As such, the brain perceives 
the limb as paralyzed, and this illusion of paralysis, in turn, causes 
pain. The unilateral upper extremity amputees in their small 
case series were asked to place the intact arm and residual limb 
into a box with a mirror in the middle, reflecting the intact limb 
and creating the illusion that the amputated limb had returned. 
Amputees were then asked to move their intact hand while 
watching the reflection in the mirror, creating the illusion that the 
amputated limb was moving. 60% of the amputees reported an 
induced illusion of phantom movement, which, for some, led to 
PLP reduction. Subsequent research further supports the efficacy 
of mirror therapy. Chan et  al. conducted the first randomized, 
controlled trial of mirror therapy compared to covered mirror 
and mental visualization therapies for PLP in unilateral lower 
extremity amputees, reporting a 93% response rate to mirror 
therapy (33). To date, however, there have been no controlled, 
randomized trials using mirror therapy to treat upper extremity 
amputees with PLP. Also, it is not clear if the response rate of 
upper extremity PLP to mirror therapy would be more similar 
to that reported by Ramachandran and Rogers-Ramachandran 
(32) or to that seen in lower extremity amputees (33). The cur-
rent study was designed to replicate the Chan et al. trial, but with 
upper extremity amputees with PLP and to determine if mirror 
therapy was also as efficacious.

METHODS

Study Design
This was a randomized control trial to analyze the effect of mirror 
therapy on PLP in unilateral, upper extremity amputees. Using 
a computer-generated number, participants were randomly 
assigned to three groups, either the mirror therapy or control 
groups (covered mirror or mental visualization therapy). The 
Walter Reed Army Medical Center (WRAMC), Washington, 
DC, USA and Brooke Army Medical Center (BAMC), San 
Antonio, TX, USA Institutional Review Boards gave approval 
for the study, and written informed consent was obtained from 
all participants.

Participants
Participants were recruited from either the Military Amputee 
Treatment Center at WRAMC or the Center for the Intrepid at 
BAMC. Subjects eligible for recruitment were active duty United 
States Military Service members, beneficiaries, or retirees between 
the ages of 18 and 70. Participants were unilateral upper extrem-
ity amputees. The study was open to both males and females, 
but due to the limited female population of military amputees, 
all participants recruited were male (34). We calculated target 
sample size based on the 60% response rate for mirror therapy 
with upper extremity amputees reported by Ramachandran and 
Rogers-Ramachandran (32) and using McNemar’s test of equality 
of paired proportions (calculated using a two-sided McNemar’s 
test of equality of paired proportions to give 80% power to 
detect a difference at a p-value of ≤0.05). Each participant had 
a minimum of three PLP episodes per week and a minimum 
pain score on the Visual Analog Scale (VAS) of 30 mm (out of a 
maximum of 100 mm) at the time of screening. Participants were 
also screened for effort using the Test of Memory Malingering in 
order to exclude those with blatant exaggeration or malingering.

Subjects were excluded on the basis of concomitant traumatic 
brain injury, history of vertebral disc disease or radiculopathy, 
uncontrolled systemic disease, significant Axis I or II diagnosis, 
or having participated in another PLP study within 30  days 
preceding intended participation in this study. During the study, 
subjects were allowed to take analgesic medications prescribed by 
their physician and continued physical and occupational therapy 
per standard medical care for limb amputation.

Treatment approach
Each participant received 15 min of the assigned therapy daily for 
5 days/week for 4 weeks. Participants met with a research assistant 
or the study investigator at WRAMC or BAMC each session to 
receive the treatment and to complete pain surveys.

Volunteer subjects assigned to the mirror therapy group were 
asked to place their intact hand in front of a vertically placed 
mirror in the mid-sagittal line and to perform a series of hand 
movements while viewing the reflected image of the intact hand 
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FigUrE 1 | Patient flow diagram.
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and moving the phantom in a similar manner. The movements 
performed were abduction/adduction of the thumb and fifth 
finger, flexion/extension of the thumb, flexion/extension of the 
fingers, pronation/supination of the hand, flexion/extension 
of the hand at the wrist, and flexion/extension of the elbow  
(for trans-humeral amputees). Subjects were asked to start with 
slow movements of the intact hand so that the phantom hand 
could keep pace with the viewed reflected image and to gradually 
increase the range of motion of the intact hand movements if the 
phantom hand had limited range of motion.

The volunteer subjects assigned to the covered mirror therapy 
group were given a mirror to use in the same manner as the  

treatment group; however, it was covered with an opaque sheet 
to prevent viewing of the reflection of the intact limb. They 
then performed the same movements with both the intact and 
phantom limbs. The volunteer subjects assigned to mental 
visualization therapy group were asked to mentally visualize the 
phantom limb performing the aforementioned gestures without 
moving their intact limb and without using a mirror. Subjects 
assigned to the control groups were given the option of switching 
to mirror therapy treatment after 4 weeks (20 treatment sessions). 
However, because of lack of treatment efficacy or increased pain, 
all subjects assigned to the control groups switched after 11 treat-
ment sessions.
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FigUrE 2 | Weekly pain scores. Pain scores are reported using the Visual Analog Scale (VAS) measured on a scale of 0–100 mm. Data are presented as mean 
values.

Pain Measurements
After successful screening and consent, participants underwent 
a baseline assessment, which included completion of the VAS. 
At the beginning of each treatment session, participants were 
asked to again complete the VAS. Additionally, participants were 
asked to report the frequency (number of episodes per day) and 
duration of PLP (total minutes per day) at baseline and treatment 
sessions. Total daily time when pain was experienced by the 
amputee was calculated by multiplying the number of daily PLP 
episodes by the duration of each episode.

The VAS is a simple, efficient, minimally intrusive measure 
of pain, which has been widely used in clinical and research set-
tings. It has been experimentally examined and has been found 
to be a valid, internally consistent, and reliable measure of pain 
(35). The VAS consists of a 100-mm horizontal line with two 
endpoints labeled “no pain” and “worst pain someone could ever 
experience.” Subjects were instructed to mark the line at the point 
corresponding to their current level of pain. The distance from 
the left end of the line to the subject’s mark represents a numeric 
index of pain severity.

Statistical analyses
Statistical analyses were done by Sean Curran and Minoo 
Rouhanian. The primary outcome variable was the VAS pain 
score. A repeated-measures analysis of variance was conducted to 
test for changes in pain over the course of treatment. Where sig-
nificant changes were indicated, two-tailed, paired-samples t-tests 
were conducted to locate the time-points where the scores were 

significantly different than baseline. Similar statistical analyses  
were conducted on the secondary outcome variables. Information 
regarding frequency and duration of pain episodes was used to 
calculate total daily time experiencing pain. For all tests, an alpha 
level of 0.05 was used.

rESUlTS

Participants
A total of 15 unilateral, upper extremity amputees were enrolled 
(Table 1). Nine amputees were randomly assigned to mirror ther-
apy, while six were randomly assigned to the control group (three 
to mental visualization and three to covered mirror, combined 
due to small numbers) (Figure  1). All participants were using 
or had used gabapentin, methadone, pregabalin, and/or percocet 
for PLP without relief. This study was completed between August 
2007 and December 2012.

Phantom limb Pain
In the mirror therapy group, eight amputees (89%) experienced a 
decrease in pain, while one subject (11%) experienced an increase 
in pain. The group pain score decreased from a mean of 41.4 
(SD = 17.6) to 27.5 (SD = 17.2) mm on a 100-mm VAS (Figure 2, 
p =  0.001). The control group did not experience a significant 
reduction in pain throughout the course of treatment [mean 35.2 
(SD = 25.5) to 48.5 (SD = 29.0) mm; Figure 1, p = 0.601], with 
only two subjects (20%) showing improvement. In calculating the 
estimated effect size of the initial and final VAS scores for those 

http://www.frontiersin.org/Neurology/
http://www.frontiersin.org
http://www.frontiersin.org/Neurology/archive


5

Finn et al. Mirror Therapy for Phantom Pain

Frontiers in Neurology | www.frontiersin.org July 2017 | Volume 8 | Article 267

receiving mirror therapy, the Cohen’s d is 0.971, indicating that 
therapy had a large effect on pain reduction.

A study participant’s response to mirror therapy after five ses-
sions was largely predictive of the response at 4 weeks. Six partici-
pants (66.7%) reported a directional change in their pain scores 
at the day 5 assessment that was consistent with their directional 
change after 4 weeks. Of the three remaining subjects, all reported 
a directional change at the day 10 assessment that agreed with that 
of their day 20 assessment.

Total Daily Time Experiencing Pain
There was a significant change in total daily time spent experienc-
ing PLP by the mirror therapy group, decreasing from a mean 
of 1,022 (SD  =  673) to 448 (SD  =  565) minutes (p  =  0.003). 
Participants in the control group did not experience a significant 
change in daily time experiencing pain, from a mean of 743 
(SD = 806) to 726 (SD = 825) minutes (p = 0.49). Of the seven 
mirror therapy subjects who initially reported constant pain, five 
(71%) no longer reported this at the end of treatment. In calculat-
ing the estimated effect size of the initial and final time experienc-
ing pain per day for the therapy group, the Cohen’s d is 0.924, 
meaning that therapy had a large effect on time experiencing pain.

Crossover Participants
Five of the six patients in the control group crossed over and com-
pleted 4 weeks of mirror therapy (Figure 3). All had decreased 
pain severity as well as time experiencing pain.

DiSCUSSiOn

This is the first randomized, controlled study of mirror therapy 
for treating upper extremity, male amputees with PLP. The present 
results support the hypothesis that the use of mirror therapy can 
reduce PLP in upper extremity amputees, whereas use of covered 
mirror and mental visualization treatments, which lack the overt 
visual input generated by viewing the intact limb moving in a 
mirror, do not significantly reduce phantom pain and may, in 
some instances, actually worsen pain. Interestingly, while the PLP 
reduction in the mirror group was significant, a subject’s response 
to treatment after only 5 days of therapy was largely predictive of 
the response at the end of therapy. PLP severity was not the only 
symptom found to decrease, as total daily time experiencing PLP 
was also significantly reduced among patients who underwent 
mirror therapy. Among all volunteer subjects, response by the 
10th treatment session was predictive of ultimate responsiveness 

FigUrE 3 | Pain scores of participants who switched from either covered mirror or mental visualization to mirror therapy. Five participants completed mirror therapy 
after not responding to treatment in the control group. Their Visual Analog Scale (VAS) pain scores are measured on a scale of 0–100 mm. Patient A reported 
decreased pain at session 5 but then had return of pain after 2 weeks and switched to minor therapy.
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or lack of responsiveness to mirror therapy. As mirror therapy 
is not effective for all users, knowing when a response can be 
expected has clinical utility in defining when therapy should be 
changed, if necessary.

Our findings reinforce a previous case report and case series 
in which mirror therapy reduced PLP in upper extremity ampu-
tees (32, 36). These findings are also similar to those previously 
reported by Chan et al. in lower extremity amputees (33). They 
differ from those reported by Brodie et  al. in lower extremity 
amputees; however, the participants in that study had only a single 
treatment session with mirror therapy (37). Further supporting 
our contention that the visual component of mirror therapy is 
responsible for modulating the decrease in pain are the results 
demonstrating that pain relief was experienced by five control 
subjects only after switching to mirror therapy from covered 
mirror or mental visualization treatments.

Visual input has been shown to influence phantom limb 
awareness. Hunter et al. examined this relationship in unilateral, 
upper extremity amputees (38). Participants were tested under the 
conditions of either eyes closed, eyes open, or while viewing their 
intact hand in a mirror, creating the illusion of a returned limb. 
Patients experiencing this visual illusion had the most enhanced 
awareness of the phantom limb, while patients tested with eyes 
closed were more likely to misallocate the tactile stimulation of 
their residual limb. In addition to visual processes, proprioceptive 
input and activity in the primary sensory region of the premotor 
cortex are believed to mediate limb perception (39). Both the 
success of mirror therapy in this study and the findings of both 
Hunter et al. (38) and Chan et al. (33) appear to support a theory 
that PLP is generated, in part, by a mismatch between visual and 
proprioceptive inputs.

The activation of mirror neurons, which fire both when an 
action is performed and when it is observed (40), may also 
contribute to therapy success by modulating somatosensory 
inputs and pain perception in the phantom limb. Rossi et  al. 
demonstrated that both movement execution and observation 
reduce the amplitude of somatosensory-evoked potentials (41). 
Future research could benefit from investigating the role of mir-
ror neurons during mirror therapy and in phantom pain relief.

There are a few limitations to this study. First, the participant 
population consisted only of males. The lack of females precludes 
generalizing the findings to all amputees suffering from PLP, as 
there is literature to support pain perception and pain thresholds 
differing between the sexes (42). Second, due to the small sample 
size, the study groups were could not be not divided by baseline 
characteristics, such as time since amputation or length of time 

experiencing pain. The study was designed to randomly assign 
participants to therapy instead of matching clinical characteris-
tics. However, we do not believe this greatly affected our results 
as the initial published case series of upper extremity amputees 
benefiting from mirror therapy had participants who had sus-
tained their amputations more than 10  years previously with 
different levels of injury (32). Other potentially confounding fac-
tors, including those unknown which might influence PLP, could 
not be controlled for. Finally, the findings of this study should be 
replicated with a larger and gender diverse population.

Importantly, these results have implications for male amputees 
with PLP undergoing rehabilitation, especially in areas of the 
world where medications are not readily available or are prohibi-
tively expensive, since mirror therapy is a very inexpensive treat-
ment option. Additional future considerations include a longer 
study timeline to better elucidate the longevity of the effectiveness 
of mirror therapy. Further, the effect of mirror therapy on the 
different subtypes of PLP should be explored.
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