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Abstract

Objective: One of the complications in patients after limb amputation is phantom pain (PP) in the missing limb. Mirror therapy (MT) is a
non-pharmacological approach to PP. The objective of the study is to describe and assess possible applications, effectiveness, practicability,
and international experience with MT in patients with PP after limb amputation.

Methods: A descriptive mapping study that analyses, compares, and clusters the content of 22 relevant studies. The search was performed
between 2000 and 2017 using the keywords and their combinations in the following databases: EBSCO, PsychINFO, PubMed, ProQuest,
ScienceDirect, including metasearch engines.

Results: The specificities of PP after the application of MT in post amputation patients vary by the location of the amputated limb. MT
alleviates PP in patients after amputation of the upper limb, lower limb, as well as in mixed groups (after amputation of the upper limb or
lower limb); virtual MT is considered an alternative approach. MT remains a rather experimental therapeutic modality aimed at patients,
where other attempts to alleviate PP have failed. Regarding the fact that MT is frequently modified and combined with other approaches
(including various indications), the effectiveness of MT cannot be fully generalized. The main finding is the evidence of a short-term effect
of MT on decreasing the intensity of PP.

Conclusions: Although MT is a relatively new phenomenon compared with other therapies, approaches and interventions, it is well known
in foreign countries, and the range of indication is increasing. For MT to be generally spread and acknowledged, further research is needed
together with a transfer of knowledge to teams providing comprehensive care to these patients. The outcomes of the mapping study will
be used for a detailed analysis of the issue in the Czech Republic, where MT is used rarely and as an experimental additional therapy

(particularly in occupational therapy).
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Introduction

Mirror therapy (hereinafter referred to as “MT”) is a thera-
peutic approach and a relatively new phenomenon in many
research, scientific and especially clinical areas. It is still being
developed and combined with other procedures, and the range
of diseases, conditions and health problems/complications
where the therapy is potentially successful is increasing. MT
is often recommended for stroke patients and in post amputa-
tion patients with subsequent phantom pain. MT is also com-
bined with a number of other autonomous and complementary
therapies and approaches, or modified for example into virtual
MT. The principle of MT is the use of visual feedback by means
of a mirror located in front of the patient so that the affected
(phantom) extremity is hidden behind the mirror and the re-
flection of the unaffected extremity simulates the movement
of the affected extremity (Moseley et al., 2008). This tricks the
brain and causes activation of the mirror neurons (Najiha et al.,
2015). The existence of these neurons was proved for example

by electroencephalography, magnetoencephalography, tran-
scranial magnetic stimulation, positron emission tomography,
or magnetic resonance. For the first time, mirror neurons were
noticed in the observation of targeted movement of the hands
of primates (macaques). Mirror neurons are present in mul-
tiple regions of the cortex; therefore, a commonly used term
is the mirror neuron system (MINS). The entire system is active
during the performance and observation of identical move-
ments. Therefore, the system is indispensable in the process
of learning by imitation, understanding other people’s behav-
iour, understanding and interpretation of facial expressions,
and the ability to empathise.

MT was described by V. S. Ramachandran and D. Rog-
ers-Ramachandran in 1996 as a method of alleviating phan-
tom pain perceived by patients in the amputated limb (Ram-
achandran and Rogers-Ramachandran, 1996; Ramadugu et al.,
2017). This phenomenon is referred to as the phantom limb.
The therapy is performed by means of mirrors, mirror glasses
or mirror boxes — on one side there is a mirror and the limb is
hidden in the box so that it is not visible. MT is a non-phar-
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macological alternative or complementary treatment strategy
which is based on observation of the movements of the in-
tact extremity in the mirror (Bowering et al., 2013). The basic
mechanism of the effects is primarily related to the activation
of the above mentioned mirror neurons in the premotor cortex
of the lower frontal lobe, which are activated not only when a
movement is performed but also when another person’s move-
ment is observed (Najiha et al., 2015). During MT the mirror
is placed in the central sagittal plane to reflect the movements
of the unaffected extremity (the patient is in a stable sitting
position, ergonomic stable standing position, or is supported
in case of instability). This creates a visual illusion and pro-
vides positive feedback to the motor cortex that the affected
extremity moves (Bowering et al., 2013) - this is referred to as
the mirror visual feedback (MVF). In order to make the mirror
image as convincing as possible, the unaffected extremity or
its part must be in the same visual condition as the affected
or amputated extremity (part), e.g. sleeve, identical clothing
of the same sleeve length and colour, etc. During MT the ex-
tremity moves and manipulates with objects — this is usually
meaningful manipulation with ordinary objects (e.g. tooth
brush, bunch of keys, mobile phone, etc.) However, in a group
of patients with severe paresis, failure may be experienced
which later impedes the course of MT; therefore, manipulative
techniques are included in MT on a gradual basis. As a result
of its simplicity, cost-efficiency and non-invasive nature, this
approach becomes an attractive treatment of phantom pain
in post amputation patients (Siitbeyaz et al., 2007). Ideally,
the patient’s unaffected extremity should be capable of phys-
iological and pain-free range of motion. As has already been
mentioned, this method was originally developed to decrease
phantom pain in post amputation patients, and currently is
also used in stroke patients, clients with cerebral palsy (re-
ferred to as “CP”), multiple sclerosis, complex regional pain
syndrome (referred to as “CRPS”), in comprehensive rehabili-
tation of fractures and brachial plexus injuries (Griinert-Pliiss
et al., 2008; Najiha et al., 2015), and other issues.

Phantom pain is one of the most frequent complications in
post amputation patients. This pain is perceived by patients in
the missing limb (Desmond and MacLachlan, 2006), and may
be of a continuous or intermittent nature. The missing limb
(phantom limb) with phantom pain causes persistent sensory
perceptions in patients after amputation and is a generally
known but insufficiently understood phenomenon (Fraser et
al., 2001). Patients do not perceive the phantom limb as their
own and feel it in an unnatural position that distorts the body
schema. Phantom pain in the phantom limb may be localized
by patients in regions where they had previously suffered
pain. Hunter et al. (2003) classify the phenomenon as fol-
lows: (a) presence of phantom limb — awareness of the missing
limb; (b) phantom feelings, sensations — pain-free sensations
such as heat, cold, pressure, itching, and tingling; (c) phantom
pain - painful sensation in the missing limb. Phantom limb sen-
sation, residual pain/residual limb pain and phantom limb pain
(PLP) are not unusual in post amputation clients. In the con-
text of etiopathogenesis (central, peripheral and psychogenic
mechanisms) and symptomatology of phantom pain, the fol-
lowing terms are also used: post amputation pain (PAP), neuro-
pathic pain (NP), or stump pain.

Phantom pain may be present — regardless of the patient’s
age and gender and the location and type of amputation - in up
to three quarters of patients soon after operation. It may take
years, and is usually a very difficult symptom and annoying
problem (Flor, 2008; Houghton et al., 1994), which has a nega-
tive effect on the quality of the patient’s life, especially through

fear, restricted mobility, distortion of the body schema, and
a broad range of other implications (Flor, 2008). To achieve
the greatest possible alleviation or elimination of phantom
pain, surgical and pharmacological modalities are available
including preventive, preoperative and early postoperative an-
algesics, acetaminophen, non-steroid antiphlogistics, opioids
together with anticonvulsives and antidepressants (coanalge-
sics). The most frequent non-pharmacological procedures in-
clude transcutaneous electric nerve stimulation (TENS) and MT
described in this study applied in patients with phantom pain
perceived in the amputated limb (Ramadugu et al., 2017).

Using a mapping study design, the objective was to de-
scribe and assess the applications of mirror therapy, and its ef-
fectiveness, practicability and international experience in post
amputation patients who feel phantom pain in the phantom
limb.

Materials and methods

This is a descriptive study of a mapping study design. The in-
tent of the research was to carry out a mapping study in order
to identify and synthesize the evidence to achieve the objec-
tive of the study. The purpose of this design is to provide an
overview of domains, themes and results of research activities
in a predefined area that reflects the issue in question and the
working research question.

During the initial stage of the methodology section the fol-
lowing research question was defined to be used in the subse-
quent search activities: “What findings have been published in
international research studies about the practicability, effec-
tiveness and experiences with the application of mirror ther-
apy in post amputation patients who report phantom pain in
the phantom limb?”

The fundamental search criteria included the availability
of full-text versions of relevant documents, direct associa-
tion with the defined research issue, successful reflection of
the research question, and MT application in post amputation
patients who reported the presence or perception of phantom
pain in the phantom limb. The search procedure focused on
available documents (studies) published between 2000 and
2017 (respecting the topicality requirement - studies not old-
er than 10 years) in the English language. The documents that
were only summaries, conference posters or papers without
relevant full-texts in scientific journals were not accepted.

The following acceptance criteria were defined: studies that
specify and describe the results, experiences with or effective-
ness of MT application, and clearly define the target group
of persons (post amputation patients with phantom pain in
the phantom limb, irrespective of the reason for amputation),
type and phase of amputation. Document criteria and types:
empirical study (irrespective of scientific approach and study
design) and review study (irrespective of methodology).

Rejection criteria included the following: focus on other
aspects than the main issue (for example when MT was only
referenced as a possible future therapy), focus on different tar-
get groups where health status was not clearly associated with
amputation, patients who did not survive amputation (mostly
traumatic), absence of results and associations concerning du-
ality of MT + condition after amputation including phantom
pain in the phantom limb, and failure to match the keywords
or their combinations.

Relevant documents (studies) were obtained by search-
ing available electronic bibliographical databases EBSCO,
PsychINFO, PubMed, ProQuest, ScienceDirect, metasearch en-
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gine Discovery Service, and Google Scholar search engine and
ResearchGate platform to identify relevant full-texts.

For the purposes of a systematic search the following key-
words were used: mirror therapy, mirror box, mirror (box) ther-
apy, mirror approach, amputation, removal, post amput patient/
client, phantom pain, phantom limb pain, phantom sensation,
phantom extremity, postamputation pain, post amputation pain,
residual pain and their combinations using Boolean operators.
In the process of searching for studies (full-texts) and in this
mapping study the terms patient — diseased — client — partic-
ipant, and therapy — treatment — approach — method - pro-
cedure — experiment were considered synonyms. The findings
were synthesised using an interpretative content analysis in
line with the intent and objective of the review study. Due to a
project carried by the authors (in 2017) and links to this study,
the search procedure and processing of the mapping study did
not include the results (studies) published in 2018.

The summary of documents included in the subsequent
analysis included the selection (secondary) sample of doc-
uments. These were studies meeting the search criteria and
acceptance/rejection criteria. At the same time, exact dupli-
cates were excluded. During an analysis of documents in the
selection sample those studies were rejected that did not focus
on the issue in question or those that included only referenc-
es to MT and its results concerning the target group of post
amputation patients with phantom pain. Regarding the fact
that the concept of the paper was not (see below) designed as a
systematic/literary/narrative review or a mapping review but
a mapping study, evidence levels were not considered. After
analytical and systematic processing of the content of identi-
fied studies, a total of 33 relevant resources in English were
identified of which the secondary (final) sample of 22 studies
was used to produce the mapping study. However, some of the
rejected studies were suitable for providing the background for
MT and phantom pain on a generally applicable level. Process-
ing of a mapping study is similar to an integrative review, but
is not so strict concerning the search and analysis procedures
compared with a systematic review/mapping review or scoping
review (Armstrong et al., 2011). At the same time, it is not
an umbrella study/umbrella review (Aromataris et al., 2015).
The design of a mapping study does not necessarily require
flowcharts or diagrams summarising the process of document
(study) search and processing. The search of studies and analy-
sis of findings was performed independently by both authors.
Regarding the high agreement in the analyses of relevant stud-
ies by both authors, the agreement was mutually checked and
subjected to critical evaluation. After that, relevant findings
concerning the preparation of the mapping study were sum-
marized. Mapping studies do not focus solely on the results of
the studies identified, but also include critical assessment of
other aspects of the issue that the reviewers consider relevant
to the development of a comprehensive picture of the issue.
Therefore, the mapping process focuses more on the associa-
tions and links within the issue (Cooper, 2016). The mapping
study approach includes the processes of contextualization
and conceptualization of the problem in the context of broad-
er literary resources, and identification of possible gaps in the
area. In this framework, the most significant contribution of
the mapping study is to identify the need for further or fol-
low-up studies (Cooper, 2016; Grant and Booth, 2009).

Study/search limitations

The authors are aware of the fact that not all relevant published
studies might have been identified (as a result of the applied
retrospective approach and non/availability of the outcomes

in licensed databases). Another limitation considered by the
authors is the fact that the paper includes the results of stud-
ies conducted in foreign countries. However, this limitation
presents a challenge to enrich the Czech/Central European so-
ciocultural environment with this specific therapy in post am-
putation patients with phantom pain. Another limiting factor
could be searching for studies published only in English. Most
studies were rather small concerning the number of partici-
pants, because more extensive or quantitative studies had not
been performed and identified. A more extensive study could,
through a static analysis, provide hard data that confirm the
validity and conclusions.

Results

Main domains of the mapping study

The specificities of alleviating phantom pain in post amputa-
tion patients and the application of MT differ by the location
of amputation and the amputated limb. Therefore, the main
domains of the mapping study are presented as follows: (1) MT
after upper limb amputation; (2) MT after lower limb ampu-
tation; (3) MT in mixed groups (i.e. after upper limb or lower
limb amputation); (4) virtual mirror therapy in post amputa-
tion patients with phantom limb pain.

Domain 1: Mirror therapy after upper limb amputation

Ramachandran and Rogers-Ramachandran (1996) were the
first to use MT to alleviate phantom pain. They called the new
technique the Virtual Reality Box. The experiment involved ten
participants who had undergone amputation of the upper limb
(referred to as “UL”), including a patient who had been suffer-
ing from phantom pain for ten years. Immediately after appli-
cation of MT, this participant reported almost immediate relief
of pain, i.e. for the first time in the ten years of suffering from
phantom pain. The authors demonstrated that visual feedback
perceived through the intact limb allowed better control over
the phantom limb, and relief of paralysis or spasm. A similar
effect was also described by eight more patients out of the ten.

Wilcher et al. (2017) presented a case of a male patient
(24 years of age) who had undergone a complete amputation
of the left upper limb and arm as a result of a motorcycle acci-
dent. Phantom pain began to manifest, the man reported var-
iable painful episodes ranging from 3 to 6 on a ten-point scale
and lasting from 15 minutes to even more than 90 minutes.
The patient reported burning, pain or convulsion, as if the
missing limb was clenched. The average pain intensity ranged
from 8 to 10 on a ten-point visual analogue scale (referred to
as “VAS”). After two weeks of MT (15 minutes, at least two
times a day) the patient reported decreased intensity of phantom
pain. The maximum pain intensity on VAS was between 6 and
10. MT also included audio feedback. The participant’s mother
clapped her hands synchronously with the movement of her
son’s hand against the mirror, which provided both a visual
and audio illusion of clapping.

Another study was conducted by Kim and Kim (2012).
This also involved a young man (30 years of age), who had un-
dergone a traumatic amputation of UL above the elbow eight
months before the beginning of the case study. He complained
about constant severe pain, convulsions in the missing limb
and electrifying painful symptoms occurring once every few
minutes. The patient also described a feeling as if the whole
missing limb was in medial rotation. Despite the administra-
tion of analgesics, pain relief was insignificant and the patient
still reported the degree of pain in the range from 8 to 10 on
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VAS. Other techniques such as blocking of the brachial plexus,
subcutaneous ketamine infusions, etc., brought only a short-
term effect and therefore MT was applied. The patient came to
take MT four times a week (15 minute therapeutic sessions).
After a week of MT application the participant reported that
he no longer felt the missing limb in medial rotation and the
degree of pain on VAS decreased to 7. After a month of MT
the convulsions disappeared and the degree of pain on VAS de-
creased to 5. After three months from the beginning of MT the
patient continued at home three to four times a week. Howev-
er, electrifying pain persisted and the average pain intensity
was 4. This case study confirmed significant relief from phantom
pain after other methods such as medication, physiotherapy and
neural blocking had failed.

An alternative MT application was used by Schmalzl et al.
(2013) in six patients after UL amputation who had taken tra-
ditional MT with negligible or no effect. Therefore, they tried
two experimental methods including visualization combined
with an illusion of movement or touching the phantom limb.
Three of the six participants had undergone UL amputation
above the elbow, the remaining three under the elbow. Five am-
putations were traumatic, one as a result of a tumour disease.
In each patient, detailed mapping of the stump was performed
using systematic touching of the peripheral regions in order
to precisely determine the triggers that cause phantom sensa-
tions. These locations on the stump were highlighted in colour.
In the same way, the corresponding locations were marked on
the intact limb. Before the experiment the participants were
asked to assess pain intensity on VAS and the type of pain
(e.g. convulsions, burning, tingling) felt on a typical day. The
same assessment of pain was performed after the experiment.
Each participant underwent one activity section and one “ca-
ressing” section. The activity section consisted of symmetri-
cal movement of the intact and phantom limb in front of the
mirror. During the “caressing” section two small brushes were
used to simultaneously caress the highlighted locations on
both extremities. During this procedure the participants were
totally passive; they were asked not to perform or imagine any
movement of the phantom limb. One patient did not have the
locations highlighted; according to her, phantom pain was
greatest in the palm of the phantom limb. Therefore, a brush
was used to caress the palm of the intact limb and the centre
location of the stump. The participants watched the caressing
of the intact limb in the mirror; at the same time, identical
locations were caressed on the phantom limb. During a control
study the same procedure was performed but the mirror was
covered with a cloth and the participants did not receive visual
feedback from the intact limb. The results of the application of al-
ternative MT did not confirm significant improvement in any of the
patients in the activity section. On the contrary, three patients
reported greater convulsions. Nevertheless, according to the
results of the “caressing” section, five patients felt significant
relief from pain during the section. However, in four of them the
relief effect was very short (5 minutes). Only one participant re-
ported relief from pain for a period of four hours.

Domain 2: Mirror therapy after lower limb amputation

MT of the lower limb (referred to as “LL”) to alleviate phantom
pain was first carried out by MacLachlan et al. (2004). This was
a case study of a young man (32 years of age), who had under-
gone LL amputation as a result of necrotizing fasciitis. Phan-
tom pain appeared two days after he gained consciousness. The
pain always worsened in the course of the day — from feelings
of being stung with needles and bearable pain to severe pain
appearing late in the afternoon. Sometimes, overwhelming

pain in the calf appeared. After unsuccessful pharmacological
treatment and transcutaneous electrical neural stimulation,
after which the patient complained about even greater pain,
he was offered the application of MT. At the beginning the pa-
tient had a feeling of crossed fingers on the phantom limb and
inability to control it. The worst phantom pain appearing in
the afternoon was assessed from 5 to 9 on a ten-point scale,
and stump pain from O to 2. At the end of the third week of
MT the patient no longer had feelings of crossed fingers on the
missing limb, phantom pain was reported as zero and stump
pain as 1. The patient indicated a feeling of 25-30% control over
the phantom limb, but a feeling persisted that the phantom limb
was somewhat shorter compared with the intact limb.

Another case study aimed at MT to alleviate phantom pain
in LL was performed by Darnall (2009). This was MT con-
ducted at home without direct professional supervision. The
participant was given educational materials describing the ap-
plication and effectiveness of MT (however, all of it related to
UL amputation). Nevertheless, the participant was interested
in the therapy and decided to try it out. The participant was
a man (35 years of age), who had undergone LL amputation
above the knee. Pharmacotherapy, physiotherapy and therapy
by two psychologists did not improve the feelings of phantom
pain; therefore, the participant decided to try out this experi-
mental approach. During the therapy he moved the intact limb
and watched the reflection in the mirror. He tried to include
movements such as moving the foot up and down in the an-
kle, turning the ankle, touching the thumb, raising the whole
leg and bending in the knee. At the beginning, this exercise
was performed three times a week for 20-30 minutes, later the
frequency was increased to 30 minutes a day. During the ther-
apy the participant did not sense any phantom feelings and
pain intensity decreased. After one month of therapy the par-
ticipant indicated zero phantom pain (0/10), but stump pain
persisted (3/10). The participant observed that when MT was
skipped, phantom pain returned in one or two days, and therefore
he decided even after three months (monitoring period) to
continue in the therapy.

A randomized controlled trial involving 80 participants
was published by Brodie et al. (2007). In the study, the patients
were randomly divided into a “mirror group” (41 patients) and
control group (39 patients). The purpose of the study was to
determine the effect of observing LL reflection and repeated
attempts to move the phantom limb and at the same time
move the intact limb on phantom pain and phantom sensa-
tions (heat, coldness or itching). The “mirror group” was sup-
posed to move the intact and phantom limb at the same time
and watch the reflection of the intact limb. The control group
was supposed to simply move both limbs. Both the “mirror”
and control form of therapy were effective in decreasing the
intensity and changing the nature of phantom sensations.
However, compared with the control group, the “mirror” group
did not show any additional benefits. In other words, watch-
ing the reflection of the intact limb and simultaneous movement
of both (intact and phantom) limbs did not have a better effect on
phantom pain (and sensations) compared with simple movements
without watching the reflection. However, watching the reflection
of the intact limb significantly increased the ability to control the
phantom limb.

Similarly, Chan et al. (2007) performed a randomized con-
trolled trial involving 18 patients aimed at the effect of LL mir-
ror therapy on phantom pain. In addition to a “mirror” group
and control group, a mental visualization group was formed.
This group was supposed to close their eyes and imagine that
they were moving the phantom limb. The patients in the mir-
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ror group attempted to move the amputated limb and watched
the reflection of the intact limb. The control group performed
the same but the mirror was covered with a cloth. The partic-
ipants performed the therapy for 15 minutes a day. They re-
corded the number, duration and intensity of painful episodes
on VAS. The initial values were similar in all groups. After four
weeks of therapy all patients from the “mirror” group report-
ed decreased pain, but in two patients this was only a short-
term effect lasting for several minutes. In the control group,
only one patient reported decreased pain, while three patients
complained about increased pain. In the mental visualiza-
tion group two patients reported decreased pain, while four
patients reported greater pain. The “mirror” group significantly
differed from the remaining two groups and confirmed the effect of
MT on the reduction of phantom pain in LL.

Recently, another randomized controlled trial was per-
formed by Pinto et al. (2016), the objective of which was to
carry out a comparative analysis of the effectiveness of MT and
transcranial direct current stimulation (tDCS) as tools to cope
with phantom pain in LL. The recruitment procedure started
in December 2015, and as of July 2016 (available information)
it involved only one participant. The expected number of par-
ticipants is 30 to 35 per year (132) and the authors expect the
recruitment capacity to be reached during four years. After
that the participants will be divided into four groups. The first
group will take part in active MT and active tDCS, the second
group will undergo simulated tDCS and active MT, the third
group will be subject to active tDCS and simulated MT, and in
the last group both therapies will be simulated (simulated MT
and simulated tDCS).

Domain 3: Mirror therapy in mixed groups (i.e. after upper limb or
lower limb amputation)

After the publication of a case study aimed at the effect of LL
mirror therapy carried out in the patient’s home environment
and without professional supervision in order to cope with
phantom pain (Darnall, 2009), the same author decided to
carry out a pilot study of a similar nature. The participants of
the study were patients with amputated LL or UL. Each of the
40 participants received a study file containing an information
leaflet on MT, a diary for daily recordings, a mirror, and a DVD
with a short MT tutorial, which contained information about
how to adjust the mirror in order to hide the phantom limb
behind it but to be able to see the reflection of the intact limb,
etc. The participants were also given basic instructions (reserve
25 minutes a day for MT, find a comfortable position with the
mirror, keep watching the mirror, move the intact limb gently
in any way for a period of 25 minutes in a way to see two limbs,
etc.) They were not instructed about attempting to move the
phantom limb. Of the 40 registered participants, nine did not
even start the treatment. The one-month therapy was com-
pleted by only 31 patients. The overall two-month treatment
was completed by 26 patients. The results after one and after
two months showed a significant decrease in phantom pain
intensity. The median value representing the decrease in pain
intensity after two months was 15.4%. These results support
the feasibility and the effectiveness of MT carried out in the home
environment by the patient alone without professional therapist
supervision, as suggested by Darnall and Li (2012).

Similarly, Yildirnm and Kanan (2016) focused on MT per-
formed by patients themselves without direct professional
supervision. However, this was not MT in the home environ-
ment in the real sense of the word, because some patients un-
derwent therapy in hospital (although they were instructed
and supervised in the same way as patients at home). A total

of 15 participants after amputation of LL or UL underwent
practical MT training of about 40 minutes. Once the instruc-
tor was convinced about the participant’s ability to perform
MT correctly and independently, the patient was given a mir-
ror (modified for LL or UL), practical MT guide, into which the
participants were instructed to record pain intensity before
and after therapy, and last but not least the duration of “ex-
ercising”. The participants were supposed to record pain in-
tensity on a scale from 0 to 10. The patients were telephoned
twice a week to answer any questions and to be encouraged in
the exercise. After four weeks the guides were collected and
those participants who wished to continue therapy kept the
mirror. Most of the participants were after LL amputation
(86.7%) and reported being able to control the phantom limb.
The most frequent type of pain was electrifying pain (60%),
followed by tingling (40%). A total of 66.7% of the participants
reported intermittent pain; the same proportion took analge-
sics. The results also suggested a statistically significant decrease
in the average pain intensity during each week of the study as well
as in the overall monthly score. Those patients who did not use any
prostheses reported greater benefit of MT.

A study by Sumitani et al. (2008) focused not only on
phantom pain but also neuropathic pain in patients after spi-
nal cord injury, brachial plexus injury, and traumatic damage
to the peripheral nerves, without using a control group. The
study included participants after LL or UL amputation. The
patients were asked to perform exercises with the unaffected
extremity at their discretion (e.g. pulling, withdrawing, cir-
cling) for 10 minutes and to watch the reflection in the mir-
ror. The overall length of the therapy was not identical for all
participants; the average duration was 20.4 weeks. The results
confirmed a short-term effect of MT consistent with the results
by Darnall (2009). However, it was also confirmed that MT had
a significant effect on decreasing deep pain.

Domain 4: Virtual mirror therapy in post amputation patients
with phantom limb pain
Recently, an alternative to traditional MT appears to be its
virtual modification. The first pioneers were Desmond et al.
(2006) and Murray et al. (2007). Both teams published three
case studies.

Desmond et al. (2006) used 3D projection of the arm on
a computer screen. On the intact limb the participants had a
wireless data glove, which transmitted information about the
movements of the hand and fingers into the computer and at
the same time an image was displayed on the screen. In this
case, virtual MT was tested by two men after UL amputation
and one woman after LL amputation. In each participant the
assessment focused on the effects of traditional MT (i.e. with
amirror) and its virtual form during which the tasks were per-
formed using the intact and phantom limb (holding hands,
bending and tapping the forefinger, attempting to move all
fingers simultaneously). In the first participant, greater ef-
fectiveness was observed in the case of traditional MT compared
with the virtual version. However, even the virtual version had
a relaxing and pain alleviating effect. The second participant re-
ported zero changes in sensations or pain in the phantom limb for
both types of therapy and did not learn to control the limb. After
virtual MT, the last participant (woman after LL amputation)
reported easier movement of the forefinger of the phantom limb,
and could perform movements of the middle finger and ring finger,
which she had been unable to do before.

Similar case studies were conducted by Murray et al.
(2007), also involving three patients — two of them after UL
amputation, one after LL amputation. During three weeks,
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the patients took two to five sessions of virtual MT. Compared
with previous case studies however, traditional MT was not
applied for the purposes of comparison. The approach was the
IVR system (Immersive Virtual Reality), which transmits the
movements of the intact limb to a virtual limb displayed in
the area of the phantom limb. This was ensured by means of
sensors attached to the joint of the elbow and wrist (in the
case UL amputation) or to the knee and ankle (in the case of
LL amputation). This virtual environment is represented by
a room, which the participant sees from the perspective of a
virtual figure. The participants used this system for a period
of 30 minutes and were assigned various tasks: placing the vir-
tual limb on coloured tiles which lit up in a specific sequence,
striking or kicking a virtual ball, watching virtual movements,
and directing virtual stimuli to a specific target. The first pa-
tient was a man after amputation of the UL above the elbow
(almost 13 years ago). He had severe phantom pain 24/7 and
never was without pain. He felt his missing limb was shorter
than the intact limb, fixed in a position with the elbow bent at
a right angle with the fingers in a grasping movement. During
three weeks the patient underwent five sessions of MT. The
second participant, a man after amputation of right LL below
the knee (12 years of age), did not report as severe pain as the
first patient, but also described it as a permanent and impor-
tunate feeling. The most painful were attacks of pain in the
foot. This participant underwent three sessions of virtual MT.
The third participant, a woman after amputation of left UL be-
low the elbow, reported frequent phantom pain in the hand of
the missing limb as incessant tingling of various intensities.
She felt her phantom limb as immobile with clenched fingers
and pain in the palm (feeling of nails digging into the palm).
This patient underwent only two sessions of virtual MT. Dur-
ing all sessions, the first participant reported decreased pain,
but pain returned after several hours. During the third session
he had an intensive feeling of the phantom limb moving. In
the following days however, the intensity of phantom pain in-
creased again. In the case of the second participant, no consist-
ent changes took place during the first two sessions. After the
third session however, pain intensity decreased by 4 points (from
7 to 3) - during this session the participant did not use the
prosthesis for the first time. The third participant in the study
underwent only two sessions (the least of all), but reported
radical changes after just the first session. She felt release of the
clenched fingers and movements of the whole limb. In conclusion,
it should be added that all three participating patients felt relief
from pain during at least one session of virtual MT.

Virtual feedback was also analysed by Mercier and Sirigu
(2009), but these authors used a slightly different method
compared to Desmond et al. (2006) and Murray et al. (2007),
who used sensors on the intact limb to create an image of a vir-
tual limb. These authors recorded the movements of the intact
limb. This video was then digitally reversed and shown on a
computer screen. The image on the computer screen was then
reflected in a mirror located in the place of the phantom limb.
The research involved eight patients after amputation of UL or
after trauma of the brachial plexus. The aim was to perform a
detailed analysis of the effect of virtual training on alleviating
phantom pain, and to provide more information about indi-
vidual responses to this technique. Therefore, the case study
design was used. Regarding the fact that most of the partici-
pants were able to control their phantom limb only to a lim-
ited extent, specific movements were selected for each partic-
ipant in order to increase the probability of proper execution.
Throughout the study, the difficulty of movements slightly in-
creased. The length of each session was not dependent on time

but on the number of movements. Each session contained
10 movements, which the patients were supposed to repeat
ten times, i.e. in total one hundred movements. During each
session the patients reported current pain intensity on VAS.
Throughout the day they recorded pain intensity, number and
duration of pain attacks and other useful aspects (e.g. weath-
er changes, unusual activity, effect of negative emotions) that
could have influenced pain. Eventually, all participants report-
ed that movements of the phantom limb were easier with visual
feedback. The greatest difference was reported by a patient who
had felt his phantom limb as completely stiff for 13 years, but
felt strong movement illusions during the therapy. Five of the
eight patients reported pain decrease by 6 to 50% during the
therapy. However, the remaining three patients reported pain
increase by 10 to 51% during the therapy. Nevertheless, com-
pared with the input data, in five patients a pain decrease of
more than 30% was observed.

Ortiz-Catalan et al. (2014) published a case study, which
was carried out using myoelectric activity of sensors attached
to the stump, and producing an image of a virtual limb. A pa-
tient after amputation of UL in the elbow was able to perform
movements and using a webcam and sensors saw an image of
avirtual limb (the patient was also able to play a racing game).
The patient underwent this procedure once a week for a period
of 10 weeks. After four weeks the patient reported a period of de-
creased pain intensity. After ten weeks, pain-free periods appeared
more often. Myoelectric activity sensors were also used in a vir-
tual MT system called ViLimbs designed by Correa-Agudelo et
al. (2015). The system is designed in a way that the patient
stands in front of an immersive (curved) screen with a prop-
erly designed virtual 3D limb and tries to move the limb using
myoelectric sensors on the stump and on the head. The virtual
limb is created by means of a camera recording of the intact
limb and using augmented reality. In addition to visual feed-
back, the texture of the virtual limb also receives pulses from
the patient’s forehead.

Bach et al. (2012) designed a new system of mixed reali-
ty in order to develop virtual MT. It consists of two cameras
monitoring the patients’ eyes, which in real time add an image
of the missing limb (resembles goggles). However, the image
is difficult to prepare due to modelling of a digital limb. This
system had been introduced earlier (Bach et al., 2010) together
with another virtual system for magnetic resonance imaging
and a comparative study was announced but was not found.
Later, Trojan et al. (2014) analysed the first introduced sys-
tem (goggles) and its home use; this method was tested by
six healthy participants who pretended they had an absence
of an upper limb (attached to the body) and tried to perform
various tasks (e.g. catching a ball). The results suggested gradual
improvement in the participants’ performance (after taking more
lessons).

Regenbrecht et al. (2011) developed and tested a prototype
of a mirror box virtual system. The box is fitted with camer-
as that monitor the movement of the limbs and an image of
both limbs is created — both healthy and missing. According to
the setting of the programme the virtual limb can move sym-
metrically or asymmetrically with respect to the intact limb.
Then the authors carried out two non-clinical studies. In the
first study, the virtual environment included a large ice cube
or burning coal. This product was tested by a total of 32 par-
ticipants (students who had no problems with mobility and
the function of the upper extremities). 94% of the partici-
pants did not recognize that one of their limbs was virtual, and
considered it the image of their real limb. However, they did not
indicate a significant difference in perceived temperature. In the
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second non-clinical study, real objects were used in addition to
digital stimuli; the participants’ hands were immersed in real
water. Half of the participants were not aware that the image had
changed compared with reality. After these two experiments, the
authors carried out a case study, but with a patient suffering
from the complex regional pain syndrome (CRPS); the therapy
contributed to decreased pain.

A study aimed at improving a virtual MT system that in-
cluded patients after amputation of LL was performed by Car-
rino et al. (2014). Most previous studies (Bach et al., 2012;
Mercier and Sirigu, 2009; Ortiz-Catalan et al., 2014; Regen-
brecht et al., 2011; Trojan et al., 2014) focused predominantly
on patients after amputation of UL. They also tried to improve
the technology of virtual MT to make it practicable in the home en-
vironment. They used a mixed reality environment (the patient
sees the intact limb and at the same time a virtually developed
limb in the place of the stump). In order to achieve better prac-
ticability in the home environment the authors used availa-
ble devices such as (Xbox) Kinect to watch the intact limb and
3D animation of a model of the missing limb, head position
sensor (in order to make an image from the right angle), and
virtual goggles through which the patient watches everything.
Similar to the systems by Regenbrecht et al. (2011), symmetri-
cal or asymmetrical movement of the virtual limb can be set.

Discussion

The studies identified in the present research include a relative-
ly “balanced” number of studies dealing with MT of the upper
and lower limb or mixed groups of clients (some clients after
amputation of the upper limb, some after amputation of the
lower limb). MT only in UL was analysed by four studies (Kim
and Kim, 2012; Ramachandran and Rogers-Ramachandran,
1996; Schmalzl et al., 2013; Wilcher et al., 2011) - studies of
virtual MT and mixed studies are not included. Of the studies
mentioned above, two were case studies (Kim and Kim, 2012;
Wilcher et al., 2011). However, both confirmed a decrease in
phantom pain as a result of MT. A study by Ramachandran and
Rogers-Ramachandran (1996) in which MT was used for the
first time, brought very promising results as one of the partici-
pants reported almost immediate relief from pain after almost
ten years of suffering from phantom pain.

In a study by Schmalzl et al. (2013), the researchers decid-
ed to use an alternative form of MT including visualization
combined with an illusion of movement or touching the phan-
tom limb. In this case however, the authors did not achieve
so much success (compared with previous studies mentioned
above). Half of the patients reported worse convulsive feelings
during the activity section; during the second section four out
of six patients reported significant relief from pain, albeit very
short (5 minutes). Only one participant reported relief for a
period of four hours.

Studies dealing with MT aimed only at LL in post ampu-
tation patients again included case studies (Darnall, 2009;
MacLachlan et al., 2004). In both cases, the results suggested
a significant decrease in pain intensity. In a study by MacLach-
lan et al. (2004), a change in the phantom limb position was re-
ported including a partial ability to control the phantom limb.
Similarly, a randomized control trial by Brodie et al. (2007)
concluded that watching the reflection of the intact limb sig-
nificantly increased the ability to control the phantom limb.
Chan et al. (2007) compared MT and the so-called mental vis-
ualization (participants close their eyes and imagine that they
move the phantom limb) with a control group. In the control

group, decreased pain was reported by only one patient, while
three patients complained about increased pain. In the men-
tal visualization group two patients reported decreased pain,
while four patients reported greater pain. The “mirror” group
significantly differed from the remaining two groups and con-
firmed the effect of MT on the reduction of phantom pain in
LL.

Some studies combined patients with amputation of LL
and UL (Darnall and Li, 2012; Sumitani et al., 2008; Yildirim
and Kanan, 2016). The first study (Darnall and Li, 2012) fo-
cused on the application of MT in the home environment.
A study by Sumitani et al. (2008) also included participants
with other types of pain (neuropathic pain in patients after
spinal cord injury, brachial plexus injury, and traumatic dam-
age to the peripheral nerves). All of these studies brought pos-
itive results in the area of decreasing the intensity of phan-
tom pain. Despite the fundamental advantages of MT, such as
simplicity and financial accessibility, an increasing number of
studies and scientists begin to focus on MT based on digital
technologies (Bach et al., 2010; 2012; Carrino et al., 2014; Cor-
rea-Agudelo et al., 2015; Desmond et al., 2006; Mercier and
Sirigu, 2009; Murray et al., 2007; Ortiz-Catalan et al., 2014;
Regenbrecht et al., 2011).

The pioneers in this area were Desmond et al. (2006) and
Murray et al. (2007), whose teams performed case studies us-
ing data gloves or sensors. In a study by Desmond et al. (2006),
the first client reported greater effectiveness in the case of
traditional MT compared with the virtual version. However,
even the virtual version had a relaxing and pain alleviating ef-
fect. The second client reported zero changes in sensations or
pain in the phantom limb for both types of therapy and did
not learn to control the limb. After virtual MT, the third client
reported easier movement of the forefinger of the phantom
limb, and could perform movement of the middle finger and
ring finger, which she had been unable to do before. Murray
et al. (2007) concluded that all three patients felt relief from
pain during at least one session of virtual MT. Mercier and Si-
rigu (2009), unlike other studies (Desmond et al., 2006; Mur-
ray et al., 2007), used a video of the intact limb in performing
various movements. The video was then digitally reversed and
presented on a computer screen.

The greatest difference was reported by a client who had
felt his phantom limb as completely stiff for 13 years, but felt
strong movement illusions during MT. Five of the eight pa-
tients reported pain decrease by 6 to 50% during the therapy.
However, the remaining three patients reported pain increase
by 10 to 51% during the therapy. Ortiz-Catalan et al. (2014)
used sensors of myoelectric activity attached to the stump
and subsequently created an image of a virtual UL. After four
weeks the patient reported a period of decreased pain inten-
sity; after ten weeks the period without pain occurred more
often. Bach et al. (2012), Correa-Agudelo et al. (2015) and Re-
genbrecht et al. (2011) developed and tested virtual systems.
Correa-Agudelo et al. (2015) and Ortiz-Catalan et al. (2014)
used sensors of myoelectric activity for a system called ViL-
imbs. The system developed by Bach et al. (2012) consisted of
two cameras “attached to” the patient’s eyes in order to add the
missing limb to the image in real time.

The team around Regenbrecht et al. (2011) developed and
tested a prototype of a mirror box virtual system. The box is
fitted with cameras that monitor the movement of the limbs
and creates an image of both the healthy and missing limb. The
system was first tested in two non-clinical studies followed by
a case study involving a client with CRPS. Most studies (Bach
et al., 2012; Mercier and Sirigu, 2009; Ortiz-Catalan et al.,
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2014; Regenbrecht et al., 2011; Trojan et al., 2014) focused
predominantly on patients after amputation of UL. The target
group of persons only after amputation of LL was analysed by
Carrino et al. (2014), who tried to improve virtual MT to make
it practicable in the home environment of the client. For this
purpose they developed a system that uses commonly availa-
ble virtual reality devices.

A frequently mentioned problem associated with MT of
clients with phantom pain was the short-term effect on de-
creasing pain intensity (Chan et al., 2007; Darnall, 2009; Kim
and Kim, 2012; Schmalzl et al., 2013; Sumitani et al., 2008).
It is therefore advisable to carry out MT regularly over a long
period of time, ideally in the client’s home environment after
professional training.

Conclusions

Although MT, unlike other therapies, is a relatively new ap-
proach, internationally it is well-known and the area of indi-
cation of this highly specific therapy is still increasing. In the
Czech Republic the area is not fully elaborated and MT is used occa-
sionally as an experimental and complementary method.

MT is still considered an experimental type of treatment
in clients where physiotherapeutic, pharmacotherapeutic and
other approaches have failed. Regarding the fact that the ther-
apy is frequently modified and combined with other approach-
es on various samples of patients (and various diseases), its
effectiveness cannot be fully and positively generalized.

The main finding is the short-term effect of MT on decreasing
the intensity of phantom pain. But the studies brought a number
of significant results and their general recognition is subject to
further research. In the area of alleviation of phantom pain,
follow-up research is recommended in the monitoring of long-
term alleviation from phantom pain. Regarding the absence of
Czech studies, it would be desirable to perform research on the
effect of MT on decreasing phantom pain in post amputation
clients in the Czech Republic. Another potential application
of MT is in patients with persisting acute pain and hypersen-
sitivity, or for the purposes of improving the control of and
getting accustomed to prostheses. As a result, MT should pos-
itively affect the degree of the patient’s functional self-reliance
(improvement of motor, sensory and coordination functions),
increase in joint range, and improvement of body schema per-
ception — all this with the highest possible degree of pain relief.

A challenge for a multidisciplinary team of professionals is
to support the patient with an emphasis on MT application in
the home environment (gradually the effect of MT disappears)
and to observe effective continuity of the therapy while re-
specting the patients’ intellectual needs (e.g. awareness of the
definitive loss of the limb, gradual ability to look in the mir-
ror, autotopagnosia — inability/impossibility to recognize and
name own body parts, etc.). The possibility of mirror-based
visual feedback may have a considerable potential in neurore-
habilitation interventions and may support scientific, clinical
and educational development. However, there may be a limita-
tion on the part of the patients consisting in their inability to
purchase an ergotherapeutic mirror for MT application (nor-
mally, these mirrors are self-developed).

Previously, a course on MT was organized in the Czech
Republic (2016), during which the participants took a critical
view of MT and its application in a broad spectrum of patients.
One indication is repetitive strain injury (RSI), which is damage
resulting from repeated strain, including for example tennis
elbow or carpal tunnel syndrome. In the Czech Republic, MT is
mostly used by occupational therapists in hand treatment. In
the area of physiotherapy the frequency of MT use is extreme-
ly small. This can also be caused by ambiguous (valid) results
and varying effectiveness of MT, which will always be affected
by the patient’s subjectivity. For these and other reasons, MT
is so far not considered an autonomous therapeutic method in
the Czech Republic or internationally.
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Zrcadlova terapie u pacientd s fantomovou bolesti po amputaci: mapping study

Souhrn

Cil: Jednou z komplikaci u pacient po amputaci koncetin/y je fantomova bolest (FB) vnimana v chybéjici koncetiné. Zrcadlova
terapie (ZT) je nefarmakologickym p¥istupem k FB a cilem studie je popsat a posoudit moznost vyuzivani, efektivity, aplikovatel-
nosti a zahrani¢ni zkusenosti se ZT u pacientt s FB po amputaci koncetin/y.

Metodika: Deskriptivni mapping study analyzujici, komparujici a klastrujici obsahy 22 dohledanych relevantnich studii. Vyhleda-
vani v rozmezilet 2000-2017 pomoci klicovych slov a jejich kombinaci bylo provedeno v databdzich EBSCO, PsychINFO, PubMed,
ProQuest, ScienceDirect, v¢etné vyuziti metavyhled4vacu.

Vysledky: Specifika FB po aplikaci ZT u pacient po amputacich se lisi podle lokace amputované konéetiny. ZT p¥#inasi (z)mirnéni
FB u pacient po amputaci horni koncetiny, dolni koncetiny, stejné jako u smiSenych skupin (po amputaci horni anebo dolni
koncetiny), a za alternativni p#istup je povazovana ZT virtudlni. ZT zist4va spiSe experimentalni modalitou terapie u pacientd,
u kterych byly jiné postupy mirnici FB netaspésné. Vzhledem k tomu, ze dochézi k modifikacim ZT a ¢astym kombinacim s dal$imi
terapiemi (a u riznych indikaci), nelze dosud efektivitu ZT plné generalizovat. Dominantnim zji§ténim je doloZeni kratkodobého
efektu ZT na sniZeni intenzity FB.

Zdvér: Prestoze je oproti dal$im terapiim, pfistuptm a intervencim ZT pomérné novym fenoménem, v zahrani¢i je zndma a stale
se rozsituje okruh situaci pro jeji indikovani. K jejimu obecnému rozsifeni a uznani je zapottebi dalsich vyzkumi a transferu
poznatki do tymua poskytujicich komplexni péci témto pacientim. Vystupy mapping study mohou byt vyuzity pro rozpracovani
tématu v podminkach Ceské republiky, kde se ZT vyuziva ojedinéle a jako experimentlné doplitkova terapie (zejména v ergote-
rapii).

Klic¢ova slova: Amputace; Fantomova bolest; Fantomova koncetina; Mapping study; Zrcadlova terapie
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