Scandinavian Journal of Pain 15 (2017) 98-103

Contents lists available at ScienceDirect

QINE\\’IJ\N

PAIN

Scandinavian Journal of Pain

journal homepage: www.ScandinavianJournalPain.com

Clinical pain research

Trajectory of phantom limb pain relief using mirror therapy:
Retrospective analysis of two studies

@ CrossMark

Sarah C. Griffin?, Sean Curran?, Annie W.Y. Chan”, Sacha B. Finn?, Chris I. Baker®,
Paul F. Pasquina?, Jack W. Tsao-¢-*

a Uniformed Services University of the Health Sciences, Bethesda, MD 20814, United States

b University of Tennessee Health Science Center, Memphis, TN 38163, United States

¢ Laboratory of Brain and Cognition, National Institute of Mental Health, National Institutes of Health, Bethesda, MD 20892, United States
d Children’s Foundation Research Institute, Le Bonheur Children’s Hospital, Memphis, TN 38105, United States

HIGHLIGHTS

® The degree of PLP at baseline affects when mirror therapy relieves pain.

® Those with low baseline PLP tend to show pain relief by session 7 of treatment.

® Those with medium baseline PLP tend to show pain relief by session 14 of treatment.
® Those with high baseline PLP tend to show pain relief by session 21 of treatment.
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Background and purpose: Research indicates that mirror therapy reduces phantom limb pain (PLP).
Objectives were to determine when mirror therapy works in those who respond to treatment, the
relevance of baseline PLP to when pain relief occurs, and what pain symptoms respond to mirror therapy.
Methods: Data from two independent cohorts with unilateral lower limb amputation were analyzed
for this study (n=33). Mirror therapy consisted of 15-min sessions in which amputees performed syn-
chronous movements of the phantom and intact legs/feet. PLP was measured using a visual analogue

gﬁﬁ;ﬁrgﬁimb pain scale and the Short-Form McGill Pain Questionnaire.
PLP Results: The severity of PLP at the beginning of treatment predicted when pain relief occurred. Those

with low baseline PLP experienced a reduction (p<0.05) in PLP by session 7 of treatment, those with
medium baseline PLP experienced pain relief by session 14 of treatment, and those with high baseline PLP
experienced pain relief by session 21 of treatment. Mirror therapy reduced throbbing, shooting, stabbing,
sharp, cramping, aching, tender, splitting, tiring/exhausting, and punishing-cruel pain symptoms.
Conclusion: The degree of PLP at baseline predicts when mirror therapy relieves pain.
Implications: This article indicates that the degree of baseline PLP affects when mirror therapy relieves
pain: relief occurs by session 7 in patients with low PLP but by session 21 in patients with high PLP.
Clinicians should anticipate slower pain relief in patients who begin treatment with high levels of pain.
ClinicalTrials.gov numbers: NCT00623818 and NCT00662415.
© 2017 Scandinavian Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.

Mirror therapy
Learned paralysis
Amputation

1. Introduction

Since its initial documentation over 500 years ago (Ambroise
Paré), phantom limb pain (PLP) - pain in a missing limb - has
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eluded effective treatment [1,2]. Theories of why phantom limb
pain occurs include learned paralysis, the neuromatrix, and propri-
oceptive memory [3-5]. Numerous therapies have failed to reduce
pain effectively in randomized clinical trials [2]. One exception is
mirror therapy, which appears to be effective and without the side
effects that typically accompany pharmaceuticals [6].
Ramachandran and Rogers-Ramachandran first described mir-
ror therapy over 20 years ago [7]. The therapy stemmed from the
theory of learned paralysis, which posits that after amputation the
brain continues to transmit efferent motor commands to the limb,
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but because the limb is missing no afferent sensory signals return
to confirm that the limb successfully moved [3,7]. Over time this
mismatch tricks the brain into perceiving the limb as paralyzed,
which in turn causes pain. Mirror therapy was developed to reverse
this paralysis by creating the illusion that the limb responds to
motor commands. In mirror therapy, a mirror is placed between
the intact and amputated limb to generate the visual impression of
two healthy limbs. The individual then attempts to move both limbs
in synchrony while watching the reflection, thus creating visual
feedback that the limb is moving in response to motor commands
and thereby reversing learned paralysis [3,7]. In their case series,
Ramachandran and Rogers-Ramachandran reported that mirror
therapy created the illusion of successful movement of the missing
limb in 6 of 10 individuals, which for some reduced pain [7]. Sub-
sequent research further supports the efficacy of mirror therapy.
A randomized, sham-controlled trial of 22 patients showed that
mirror therapy reduced PLP after lower extremity amputation as
compared to a covered mirror condition (performing movements in
front of a mirror covered by opaque sheet) and mental visualization
(imagining movements with the amputated limb) [6]. Furthermore,
with the exception of two cases of brief emotional reactions in the
mirror group upon seeing the reflected limb, the trial did not detect
any adverse side effects of treatment.

In spite of this evidence supporting the efficacy and safety of
mirror therapy, in a survey of over 200 individuals with amputa-
tion(s) only 34% had tried mirror therapy and of these individuals
only 40% reported benefit (unpublished data). One potential rea-
son why research on mirror therapy has yet to translate widely
into clinical practice is that the treatment parameters remain unde-
fined; there is no standard treatment protocol for mirror therapy.
Moreover, it is unclear who will respond to treatment and how
long it takes to see therapeutic benefit. The present paper seeks
to elucidate when and how mirror therapy works to inform treat-
ment parameters with the hopes of allowing this therapy to enter
standard clinical practice. The key items of interest were the tra-
jectory of pain relief using mirror therapy, time to pain relief, the
relevance of baseline pain to treatment response, and what pain
qualities (e.g., throbbing, cramping and shooting) respond to mirror
therapy.

2. Methods
2.1. Participants

Data from two independent cohorts with unilateral lower limb
amputation were analyzed for this study. This study was retrospec-
tive, thus sample size was not calculated but rather all relevant data
from the two studies were used.

In the first cohort, participants were recruited from Walter Reed
Army Medical Center, Washington, DC from March 2006 through
January 2007. Inclusion criteria included the presence of phantom
limb pain greater than 3/10 on a visual analogue scale at least 3
times a week; exclusion criteria included bilateral lower or bilat-
eral upper limb amputation, known neurological disease or brain
damage, history of vertebral disk disease/condition, sciatica, or
radiculopathy, known uncontrolled systemic disease, concurrent
participation in another investigational drug or study device for
phantom limb pain or participation in the 30 days immediately
prior to study enrollment, current Axis I or Il diagnosis deter-
mined by a neurologist or psychiatrist in the 6 months prior to
entry into the study. The study was registered on clinicaltrials.gov
(NCT00662415) and received approval from the Walter Reed Army
Medical Center Institutional Review Board. Informed consent was
sought and granted for all research subjects prior to enrollment
in the study. The results of this study cohort were previously

published and the specific data used for these analyses come only
from mirror therapy sessions from the participants [6].

In the second cohort, participants were recruited from 2008
through 2014 from Walter Reed Army Medical Center and Wal-
ter Reed National Military Medical Center, Bethesda, MD as well as
from the community for a functional magnetic resonance imaging
study examining the effects of mirror therapy on brain activa-
tion patterns. Inclusion criteria included the presence of phantom
limb pain greater than 3/10 on a visual analogue scale at least 3
times a week; exclusion criteria included multiple limb amputa-
tion, cause of amputation being diabetes or vascular claudication,
pending revision surgeries, presence of embedded metallic shrap-
nel or other metal not compatible with MRI scanning, presence
of traumatic brain injury, known neurological disease or brain
damage, or history of vertebral disk disease/condition, sciatica, or
radiculopathy, known uncontrolled systemic disease, concurrent
participation in another investigational drug or study device for
phantom limb pain or participation in the 30 days immediately
prior to study enrollment, current Axis I or Il diagnosis determined
by a neurologist or psychiatrist in the 6 months prior to entry into
the study, and pregnancy. The study was registered on clinicaltri-
als.gov (NCT00623818) and received approval from the respective
Institutional Review Boards of Walter Reed and the National Insti-
tutes of Health. Informed consent was sought and granted for all
research subjects prior to study enrollment. The results of this study
have not yet been published.

2.2. Treatment

For both cohorts standard mirror therapy consisted of approx-
imately 4 weeks of therapy sessions for 5 days a week, although
treatment length and number of days/week varied depending on
scheduling. Therapy sessions consisted of three different exercises,
each lasting 5 min to total 15 min of therapy per day. Subjects flexed
and extended the ankle (“as if stepping on the gas pedal of a car”),
moved the foot from side to side (“windshield wiper”), and rotated
the foot in a circle (“as if drawing a circle with your toes”), and for
those with above knee amputation, flexion and extension of the
leg at the knee (additional 5 min). At the beginning of each therapy
session subjects were instructed to move the intact limb slowly
to allow the phantom limb to move at the same pace. In addi-
tion subjects were instructed to move the phantom only as much
as they could if range of movement was limited and to gradually
increase the range of motion with each treatment session. Treat-
ment was either conducted independently (participants followed
instructions on their own) or directly observed by an investigator.

2.3. Outcome measures

2.3.1. Visual analogue scale

The visual analogue scale (VAS) is widely used in both clinical
and research settings to measure pain. The VAS has been shown to
be reliable, internally consistent, and sensitive to treatment [8,9].
The VAS in both studies consisted of a 100-mm horizontal line
with two endpoints which were labelled “no pain” (far left) and
“worst pain someone could ever experience” (far right). Subjects
were given the following instructions: “Present Pain Intensity (PPI)
- Visual Analogue Scale (VAS). Make a tick mark along the scale
below that represents the phantom limb pain experienced over the
last 24 hours”.

2.3.2. Short-Form McGill Pain Questionnaire

The Short-Form McGill Pain Questionnaire consists of 15 pain
descriptors rated on a scale of 0 (corresponding to none) to 3 (cor-
responding to severe). The Short-Form McGill Pain Questionnaire
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has been shown to produce similar scores as the standard McGill
Pain Questionnaire and be sensitive to treatment [10].

2.4. Effective versus ineffective treatment

Mirror therapy was deemed effective versus ineffective depend-
ing upon the decline in pain as measured by the VAS. For those with
high (>60 mm on the VAS) or medium (31-60 mm on the VAS) PLP
at baseline, effective treatment was defined as a decline of at least
20 mm, which corresponds to the two point reduction specified by
Farrar et al. [11]. For those with low (<30 mm on the VAS) PLP at
baseline, effective treatment was defined as a decrease of 50% over
the course of treatment, a cut-off which is common in pharmaceu-
tical trials since its recommendation by Moore et al. [12].

2.5. Analyses

2.5.1. Trajectory of pain relief with mirror therapy

The average pain trajectory across all patients was analyzed
using polynomial regression of VAS scores versus treatment ses-
sions. A logit transformation was used to fit the data given the
lower limit of 0. Only participants for whom mirror therapy was
effective (see definition under Section 2.4) were included in this
analysis, as the question of interest was when pain relief occurred
in cases of effective mirror therapy. In addition, a one-way ANOVA
was conducted comparing the initial pain level to pain levels on
sessions 2, 3, 4, and 5 of treatment to determine whether there is
a PLP increase when beginning treatment. This was examined as
anecdotally some patients have complained of increased PLP after
starting mirror therapy.

2.5.2. Relevance of baseline pain level to treatment response

Data was divided into 3 categories according to baseline phan-
tom limb pain as measured by the VAS: low (VAS score under
30 mm), medium (VAS score from 31 to 60 mm), and high (VAS
score over 60 mm). A polynomial regression of VAS or McGill scores
versus treatment sessions was used to look at the trajectory of pain
relief for those with effective treatment (see definition under Sec-
tion 2.4). A logit transformation was used to fit the data given the
lower limit of O for both scales.

2.5.3. Time to pain relief

The data for effective treatment was then analyzed using a one-
way ANOVA looking at sessions 1, 7, 14, and 21. These time points
were chosen as the trajectory of pain relief indicated these to be the
inflection points in treatment response. A Dunnett multiple com-
parisons test was used to compare pain levels on session 1 to pain
levels on session 7, 14,and 21. We conducted independent analyses
for each category of baseline pain (high, medium, and low).

2.54. PLP symptoms

The different pain qualities measured by the McGill ques-
tionnaire were examined individually to evaluate their specific
responses to treatment. The average responses were analyzed using
a quadratic regression. All subject data (i.e., those for whom mirror
therapy was effective and those for whom it was ineffective) were
included in this analysis.

2.5.5. Sensitivity analyses

Subjects with missing data were excluded from analyses requir-
ing that data. To account for the possibility of bias due to
missing data, sensitivity analyses were performed treating the VAS
response for all subjects as observationsin anintention to treat (ITT)
model with a last observation carried forward (LOCF) approach to
account for patients who did not complete all planned treatment
sessions.

Table 1

Demographics.
Age Gender Site of amputation Time since

amputation (years)

21 M Left Transfemoral 0.3
25 M Right transtibial 1
34 M Left transtibial 0.2
33 M Left transfemoral 0.1
20 M Right transfemoral 0.2
20 M Right transtibial 0.1
25 M Right transtibial 1
38 M Left transtibial 0.4
23 M Left transtibial 0.1
19 M Left transtibial 0.1
21 M Left transtibial 0.1
31 M Right transfemoral 0.05
39 M Left transfemoral 1.7
31 M Left transtibial 0.1
22 M Right transtibial 0.2
53 M Right transfemoral 0.2
20 M Right transfemoral 1
22 M Right transtibial 0.1
30 M Left transfemoral 0.2
29 M Left transfemoral 0.1
20 M Right transfemoral 0.2
59 F Left transtibial 3
21 M Left transtibial 0.1
52 M Left transfemoral 2
47 M Right transtibial 21
75 F Right transfemoral 5
36 F Left transfemoral 0.25
60 M Right transfemoral 15
45 F Right transtibial 1
39 M Right transfemoral 0.5
30 M Right knee disarticulation 1

3. Results

3.1. Participants

Demographics are presented in Table 1. The participants for
this study were predominately male (87.5%). The mean age for
all study participants was 33.5 years (range: 19-60 years) and the
mean time since amputation was 1.8 years (range: 0.05-21 years).
In the first cohort, 32 subjects were screened, 22 of which were
randomly assigned to one of three treatment groups (mirror, men-
tal visualization, and covered mirror). The 10 subjects who were
screened but not assigned to a treatment group declined to take
part in the study due to lack of interest or inability to complete
1 month of treatment. Four subjects (3 from the mirror treat-
ment group, 1 from the covered mirror treatment group) left the
study during the first week due to inability to complete 1 month
of treatment. Data from all subjects who received mirror therapy
(21 subjects) were analyzed for this study. In the second cohort, 19
individuals with amputation were recruited; four of which were
deemed ineligible based on the physical examination and follow-
up information and two of which lost interest in the study prior
to enrollment. One participant did not complete the study due to a
personal issue. Additionally, data from two subjects were not used;
the first subject did not submit the outcome measures of interest
for this study and the second had an upper extremity amputa-
tion. Data from the remaining 10 subjects were analyzed for this
study.

Study participants were not followed after termination of treat-
ment, but the average number of treatment sessions was 19.3
(range: 3-40). One subject was missing data on the Short-Form
McGill Pain Questionnaire; data on both variables was available
for all other participants. There were two summary measures -
the Short-Form McGill Pain Questionnaire and the VAS — measured
over time.
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Fig. 1. Model of phantom limb pain as measured by the VAS over time.

3.2. Trajectory of pain relief with mirror therapy

In this combined cohort, mirror therapy was deemed effective
for 27 of 31 (87%) subjects. The polynomial regression of VAS versus
treatment sessions in these subjects showed a statistically sig-
nificant decrease in pain over time (p<0.0001). To allow for the
bounded nature of the VAS scale, i.e., there is a lower limit of 0,
a logit transformation was used to properly fit the data. As seen
in Fig. 1, the average pain level of the group decreases substan-
tially over the first 7 treatment sessions, plateaus from sessions
7 to 14, then again declines from session 14 onward. There was
no statistically significant increase in pain upon commencement
of treatment. A one-way ANOVA with Dunnet’s comparisons com-
paring the initial pain level to treatment 2, 3, 4 and 5 showed no
significant difference (p=0.761).

3.3. Relevance of baseline pain level to treatment response

Aone-way ANOVA with Dunnet’s comparisons was used to com-
pare the difference of the initial treatment pain levels to treatment
sessions 7, 14, and 21. The polynomial regression of VAS versus
treatment sessions indicated three different trajectories of pain
relief for the categories of baseline phantom limb pain severities
of low (VAS score under 30), medium (VAS score from 30 to 60),
and high (VAS score over 60).

The low and medium initial VAS groups showed basically a
continuous decrease (Figs. 2 and 3). The high initial VAS group
showed an initial improvement, a levelling off, and then a final
improvement (Fig. 4). Inspection of the individual patient trajec-
tories showed that some of these patients improved rapidly, while
others had an induction period of up to 15 sessions before ther-
apy was effective. Consequently, the initial drop in the aggregate
trajectory is related to those patients who improved immediately,

0-30 Initial VAS

20 s 195989
R-Sq 86.6%
o O R-Sqadj)  85.9%

15

10

Mean VAS

0 5 10 15 20 25
Treatment days

Fig. 2. Trajectory of pain relief for low baseline pain group.
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s 420197

40 - RSq 78.0%
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0 5 10 15 20 25
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Fig. 3. Trajectory of pain relief for medium baseline pain group.
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80 S 9.62816

R+ 53.0%
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40
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20 .o
0 5 10 S 20 25

Treatment days
Fig. 4. Trajectory of pain relief for high baseline pain group.

while the final drop is from those who maintained high levels of
pain through session 15.

3.4. Time to pain relief

The Dunnett comparisons showed different findings for the low,
medium, and high baseline pain groups. The low baseline pain
group showed a significant difference in pain from sessions 1 to
7 (n=8 distinct data measurements), sessions 1-14 (n=6 distinct
data measurements), and sessions 1-21 (n=4 distinct data mea-
surements; see Fig. 5). That is to say, for those with low initial
PLP severity for whom treatment was effective, pain significantly
dropped by session 7 of treatment. The medium baseline pain
group showed a significant difference in pain from sessions 1 to
14 (n=5 distinct data measurements) and sessions 1-21 (n=4 dis-
tinct data measurements), but not from sessions 1 to 7 (n = 7 distinct
data measurements; see Fig. 6). This indicates that for those with

Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for VAS

21-1 ! 1

30 25 20 -5 -10 -5 0

If an interval does not contain zero, the corresponding mean i significantly different from the
control mean.

Fig. 5. Dunnett comparison for low baseline pain group.
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Fig. 6. Dunnett comparison for medium baseline pain group.

medium initial PLP for whom treatment was effective, pain signif-
icantly dropped by session 14 of treatment. The high baseline pain
group showed a significant difference in pain from sessions 1 to
21 (n=3 distinct data measurements), but not from sessions 1 to 7
(n=7 distinct data measurements) or sessions 1-14 (n=6 distinct
data measurements; see Fig. 7). For those for with high initial PLP
for whom treatment was effective, pain significantly dropped by
session 21 of treatment.

3.5. PLP symptoms

The quadratic regression looking at the responses of different
pain qualities to treatment showed that some qualities showed
a significant effect of treatment while others did not. Endorse-
ment of the pain descriptors of throbbing, shooting, stabbing,
sharp, cramping, aching, tender, splitting, tiring/exhausting, and
punishing-cruel significantly decreased over the course of treat-
ment (p <0.05), whereas endorsement of the descriptors gnawing,
hot/burning, heavy, sickening, fearful did not (Table 2).

3.6. Sensitivity analysis

To evaluate the potential bias introduced by attrition, a sen-
sitivity analysis was performed treating the VAS response for all
subjects as observations in an intention to treat (ITT) model with
a last observation carried forward (LOCF) approach to account for
patients who did not complete all planned treatment sessions. This

Dunnett Simultaneous 95% Cls

60+ initial VAS
| L
77 | =
s 14-1 L : |
o I T 1
na | L
-100 75 -50 25 0

If an interval does not contain zero, the corresponding mean is significantly different
from the control mean.

Fig. 7. Dunnett comparison for high baseline pain group.

Table 2
Reduction in pain in each of the McGill pain characteristics.

Pain quality p value for quadratic regression
Throbbing <0.001°
Shooting <0.001°
Stabbing 0.0053
Sharp <0.001°
Cramping 0.002°
Gnawing 0.0851
Hot/burning 0.4226
Aching 0.0342
Heavy 0.5186
Tender 0.0004
Splitting 0.0053"
Tiring/exhausting 0.0192
Sickening 0.7701
Fearful 0.0626
Punishing-cruel 0.0426°

" p<0.05 is considered significant at the 95% confidence level.

analysis showed minor differences in the model, and no differ-
ences in the overall conclusions. Similarly, a sensitivity analysis
of the response from patients with effective treatment showed no
deleterious data effects from attrition.

4. Discussion

This paper is the first to closely examine mirror therapy to
determine when, after initiating treatment, an effect is seen and
what pain sub-types this treatment works for. The first major find-
ing is that PLP tends to decline rapidly during the first week of
mirror therapy, plateau from sessions 7 to 14, and then declines
from session 14 onward. However, this trajectory is influenced by
the severity of PLP experienced at baseline. Those with low and
medium levels of PLP at the beginning of treatment show essen-
tially a continuous decline. There appears to be a dichotomy in
the trajectory of pain relief for those initiating treatment with
high levels of PLP. Some improve rapidly while others experi-
ence what appears to be an induction period of up to 15 sessions
before a therapeutic effect is seen. Second, pain dropped by session
7 of treatment for those with low levels of PLP (p<0.05), by
session 14 for those with medium levels of PLP (p<0.05), and
by session 21 for those with high levels of PLP (p < 0.05). Finally,
the study examined whether mirror therapy reduced certain pain
qualities more than others, demonstrating that the pain qualities
of throbbing, shooting, stabbing, sharp, cramping, aching, ten-
der, splitting, tiring/exhausting, and punishing-cruel significantly
(p<0.05) decreased over treatment, whereas endorsement of the
descriptors gnawing, hot/burning, heavy, sickening, and fearful did
not.

Selecting a treatment for PLP can be difficult given the number
of treatment options available and how differently persons with
major limb amputations can respond to the same treatment [2]. As
such, determining early indicators of whether a therapy will work
has the potential to tailor treatment to provide pain relief as quickly
as possible or to avoid abandoning treatment before a point of effi-
cacy can be expected. Mirror therapy appears to be a treatment
that has a high efficacy rate combined with low cost and minimal
side effects compared to other treatments for PLP [2,6]. However,
as mirror therapy is not universally effective, it is important to rec-
ognize as soon as possible if it will ultimately prove ineffective for
an individual, so that the healthcare provider can identify an alter-
nate treatment. Our findings demonstrate that initial PLP severity
affects how quickly mirror therapy can lead to pain reduction and
may explain why some studies [13,14] did not report the same
success rates reported by Chan et al. [6]. Most importantly, some
patients with higher initial levels of PLP may take longer to respond
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to treatment than those with lower pain severity. Although anec-
dotally some of our patients reported transient increases in PLP
after starting mirror therapy, upon detailed analysis we failed to
find a statistically significant increase.

This study also examined how different pain qualities responded
to mirror therapy. The pain qualities of throbbing, shooting, stab-
bing, sharp, cramping, aching, tender, splitting, tiring/exhausting
and punishing-cruel responded to mirror therapy whereas there
was not evidence that the other qualities did. Further work is nec-
essary to examine why mirror therapy may affect certain sensations
of pain and not others. One possibility would be that there are dif-
ferent mechanisms underlying phantom limb pain [2], that pain
qualities correspond to different mechanisms [15], and that mirror
therapy is thus only targeting certain pain generators and there-
fore only muting certain pain qualities. However, this is speculative
given that pain qualities have yet to be linked to underlying patho-
physiology.

Further research is necessary to substantiate and extend these
findings. The first cohort was followed for up to 4 months per
protocol after treatment ended although some study volunteers
were seen incidentally up to 2 years later during routine longi-
tudinal clinical evaluations. For those participants for whom PLP
had decreased after 1 month of mirror therapy, all except 2 sub-
jects reported that their PLP had resolved. The other 2 subjects
reported that their PLP had returned following 2 months and that
they had again used mirror therapy for 4 weeks with permanent
resolution of PLP thereafter. Much longer follow-up is necessary
to determine the long-term efficacy of mirror therapy, as well as
the long-term efficacy of most other treatments for PLP. Together,
examining predictors of treatment response and the mechanism of
action of mirror therapy could contribute to developing a revised
mechanism-based classification of PLP [2].

This study has several limitations. First, this is a post hoc analysis
of a combined data set which constitutes a larger sample size than
originally reported by Chan et al. [6]. Second, some participants
did not complete the anticipated total number of 20 treatment
sessions which could limit statistical power. However, the sensi-
tivity analysis indicates that attrition did not bias study results.
Third, since treatment was 5 days per week, data were analyzed
by treatment sessions rather than day-to-day changes. Fourth, the
participants consisted of a convenience sample that likely differs
from the overall population of persons with amputation. Partici-
pants in the first cohort are primarily active duty military and thus
tend to be younger, more physically active, and male. Participants
from both cohorts lived in the Washington, DC metropolitan area;
thus the sample is not nationally representative. Fifth, it is possible
that some of the change in PLP seen over the course of the study was
due to natural fluctuation in PLP [16] after amputation rather than
mirror therapy. Lastly, to fully evaluate the utility of mirror therapy
for treating PLP, a prospective comparison of this treatment with
other treatments is necessary.

To conclude, this study is the first to examine mirror therapy in
terms of when a treatment effect is seen and what pain qualities it
treats. Results suggest that the majority of pain relief tends to occur
over the first seven sessions of treatment, although initial PLP sever-
ity affects how quickly the response is seen, which has important
practical implications for personalized treatment implementation.

Additional research is necessary to confirm the importance of base-
line pain levels and other characteristics as predictors of treatment
response and to identify the mechanism of action of mirror therapy.
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