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One of the most interesting methods of neurorehabilitation is Mirror Visual Feedback (MVF). Despite the
widespread information about effectiveness of MVF, specialists who have previously used this method but have not
achieved positive results when working with patients, have many questions about the specific features of its application.

Objective. The aim of our study was evaluation of the MVF effectiveness for reducing the severity of phantom pain
in an amputated limb in the presence of atypical phantom location.

Material and Methods: The study involved 29 patients with phantom limb pain. The severity of pain and quality of

life were assessed.

Results: It was found that the effectiveness of the MVF depends on some important factors, such as a discrepancy
between the location of the phantom at the level of sensations and in reflection, duration and severity of the pain

syndrome.

Conclusions. An important factor in the successful results of the MVF application is assessment of the initial
position of the phantom and ability to change its position in space at the sensory level.
A decrease in the severity of phantom pain can create in the long-term the illusion that the patient has adapted to

the problem.

The timing and frequency of the MVF course should be selected individually, depending on the duration, severity

of phantom pain and patient fatigue.

1t is assumed that the use of MVF in the early period after amputation prevents the development of phantom pain,

which requires further research in this direction.
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Introduction

One of the most effective directions in complex
medical rehabilitation of patients with diseases of
the nervous system is biofeedback therapy, during
which the patient receives information about the
state of physiological processes in their own body
through an external feedback loop. One of these
methods is Mirror Visual Feedback - MVF [1, 2].

In the process of observing our own reflection
in the mirror, we see ourselves in the opposite
direction. However, if we turn the mirror ninety
degrees and stretch our hand forward, we can see
how one side of our body is reflected, creating the
illusion that it is the other side, which happens due
to the almost perfect symmetry of the human body
along the sagittal midline. This "mirror illusion"
has recently been widely used for the rehabilitation
of neurological patients [2]. For the first time, this
method was presented by the director of the Research
Center for Higher Nervous Activity, professor of
psychology and neurophysiology at the University
of California Vilayanur S. Ramachandran, for the
treatment of phantom pain in 1995 [2-13]. It is
believed that MVF is an easy-to-use, inexpensive
and effective method for improving the function of

Kypnan ['poTHEHCKOTO TOCYAapCTBEHHOTO MEAUIIMHCKOTO yHUBEpcuTeTa, Tom 20, Ne 3, 2022

the upper limb, during which the patient experiences
an illusory perception of limb movement associated
with the movement of the opposite limb by observing
its reflection in a mirror [2, 5, 14-16].

By projecting the reflection of the intact hand
onto the phantom limb using a mirror, patients
reported that they can move and relax the phantom
hand, and also noted a stable decrease in pain [2-4,
6, 15-22].

Considering the non-invasiveness of the
method, the minimal risk of side effects and the
cost-effectiveness of the procedure, as well as
the positive results of efficacy studies, the use of
MVF is justified [23]. The inclusion of MVF in a
standard medical rehabilitation program, both at an
early stage of treatment and over a long period of
time, can be useful for improving results of medical
rehabilitation [1].

Despite the widespread information about
the effectiveness of MVF up to now, specialists
who have previously used this method but have
not achieved positive results when working with
patients, have many questions about the features
of the application, which leads to the formation of
doubts about the claimed effectiveness [4].
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The aim of the study was to evaluate the
effectiveness of using the Mirror Visual Feedback
technique described in the literature to reduce the
severity of phantom pain in an amputated limb.

Material and methods

The study involved 29 patients with phantom
pain in the amputated limb.

The first part of the study involved 22 patients.
Amputation of a limb occurred due to cancer in
8 patients, in 2 cases amputation was associated
with complications of diabetes mellitus and in 12
cases amputation was a consequence of trauma. Of
these, the course of MVF therapy was carried out
in 7 patients in the period less than a month after
amputation. In the second part of the study, 18
patients took part, of whom 9 received the MVF
course in the first part of the study and 9 patients
who had not previously received MVF therapy.
Amputation of a limb occurred due to cancer in 7
patients, in 1 case amputation was associated with
complications of diabetes mellitus, in 10 cases
amputation was a consequence of trauma. Of
these, the course of MVF therapy was carried out
in 6 patients in the period less than a month after
amputation.

The Categorical Verbal Scale (VRS) was used to
assess the severity of pain. The Short Form Medical
Outcomes Study (SF-36%v.2) questionnaire was
used to assess the quality of life.

Statistical analysis of the data was carried out
using the licensed software package Statistica 10.0
(AXAR207F394425FA-Q). In addition, to carry
out the analysis by methods not presented in the
Statistica 10.0 application package, we used the
multi-paradigm interpreted programming language
“R” (GNU GPL 2) in the form of a free open source
computing environment.

To assess the unidirectional change in the value
of a feature in two related samples, the criterion
of signs was used; the assessment of the statistical
significance of the differences between two relative
indicators characterizing the frequency of a feature
having more than two values was carried out using the
Pearson Chi-square test. Fisher's exact test was used
to compare two relative indicators characterizing the
frequency of a feature, and a multinomial test was
used for repeated measurements of this indicator.

The accepted threshold of statistical significance
is p<0.05. The analysis results are presented as a
median and 25 and 75 quartiles (Me (25%; 75%))).

Results and discussion

From 2013 to 2015, patients participated in the
first part of the study. Pain was assessed prior to the
study.

It should be noted that the majority of patients
with a duration of phantom pain persistence for
more than one year assessed pain as less pronounced
in comparison with patients in whom amputation
occurred recently (Fig. 1).

However, in the course of a survey on the effect
of phantom pain on self-care and quality of life,
it was found that the elements of self-care, social
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Figure 1. — Assessment of the severity of phantom pain and
the duration of symptom persistence in patients before the

start of the MVF course

functioning and quality of life are equally reduced
in all patients.

To conduct the MVF session, the intact limb
was positioned on one side of the mirror so that the
reflection created the illusion of the second intact
limb located on the opposite side, after which the
patients were asked to squeeze and unclench the
fingers, flexion and extension in the wrist and elbow
joints (for the upper extremities) (Fig. 2) or ankle
and knee joints (for the lower extremities), and
rotational movements were also performed (Fig. 3).

| y

Figure 2. — Example of upper limb movements

Figure 3. — An example of movements in the lower limb

The duration of the session was, on average, 20
minutes, 3 times a day; the duration of the course
was 15 days. The group showed significant positive
dynamics (p <0.001) (Fig. 4).

Stable positive dynamics were observed in 8
patients. In 6 patients, there were no dynamics, and
in 8 cases, phantom pain increased significantly 6-8
days after the completion of the MVF course (p
<0.05).
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Figure 4. — Analysis of the dynamics of the severity of
Pphantom pain in the process of using MVF (Sign-test)

A detailed study of the anamnesis, symptoms,
and the underlying disease, revealed that in all cases
with persistent positive dynamics, the time interval
between amputation and MVF sessions did not
exceed 1 month. In patients without dynamics, it
was found that the position of the reflected limb did
not correspond to the position of the phantom and,
in the process of work, led to a discrepancy in the
sensory perception of the limb in the mirror, and in
some cases, after the first sessions, an increase in
pain was noted (Fig. 5). In addition, it was found
that the position of the phantom was often described
as atypical, with a pronounced uncontrolled tone of
the flexor muscles.

Figure 5. — Inconsistency of the phantom with the sensory

response (on the left - the location of the intact limb and an

attempt to give an identical position to the phantom; on the

right - the perception of the location of the phantom at the
sensory level)

Also, in some cases, a discrepancy at the level of
sensory perception occurred due to the fact that the
reflection in the mirror was distorted by an increase
or decrease in the angle of the mirror on the surface
(Fig. 6).

The information obtained at the first stage of
the study made it possible to form a hypothesis that
the effectiveness of MVF depends not only on the
performance of simultaneous movements in the
limb and the phantom, but also on other important
factors, such as the duration and severity of the pain
syndrome, the discrepancy between the location
of the phantom at the level of sensations and in
reflection.
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Figure 6. — Inconsistency of the ratio of reflection in the
mirror with the real environment

In the second part of the study, 18 patients took
part, of which 9 patients were participants in the
first part of the study, without positive dynamics or
in whom pain in the phantom returned after a short
time (Fig. 7).

= Duration of
pain
persistence
(weeks)

= Pain
severity
(points)
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Patients

— Duration of pain persistence (weeks)

Figure 7. — Assessment of the severity of phantom pain and
the duration of the symptom persistence in patients before
the start of the MVF course (A - the ratio of the duration of
the symptom and the severity of pain; B - the duration of the
persistence of pain, expressed in weeks)

Also, in the second part of the study, patients
with phantom pain lasting more than ten years took
part.

Before starting work, the position of the phantom
was determined. Subsequently, this information was
used by a specialist to correct the position of the
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limb with the patient's confirmation of the presence
of a sensory response. Correction was carried out
by giving the intact limb a position identical to the
phantom with muscle tension (Fig. 8).

Figure 8. — Giving the intact limb an identical phantom

position with muscle tension

After that, the specialist grasped the intact limb
with one hand from the visible side of the mirror,
the other hand was positioned so that the illusion of
grasping the second limb was created in the reflected
side of the mirror (Fig. 9).

=Y
3

|

Figure 9. — Grabbing of a limb by a specialist before
starting MVF training (on the left - the location of the limbs
in reality; on the right - the location of the limbs in the
reflection)

Then, under the control of sensations, kneading
of the intact limb in the initial position was carried
out, followed by slow extension in the joints. In
the process of extending the limb, it is necessary to
clarify with the patient whether the phantom feels
identical to the reflection. If the sensations in the
phantom do not correspond to the reflection, it is
necessary to correlate the intact limb in such a way
that the sensations of the phantom's position in space
correspond to the position of the reflection of the
intact limb. After giving the limb and the phantom a
position accessible for work, it is necessary to once
again clarify the correspondence of sensations to the
observed reflection in the patient and then proceed to
perform movements: flexion-extension in the joints,
pronation-supination, in which the most pronounced
pain sensations were previously observed (Fig. 9).

The duration of the initial sessions was selected
individually and depended on the initial state of the
patient and the feeling of fatigue in the trained limb,
but subsequently increased to a time of no less than
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15 minutes and no more than 30 minutes 3 times a
day. The duration of the course was 2 weeks.

After completion of the study, positive dynamics
were established in all patients (p <0.0001) (Fig.
10).

Number of patients
14
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Before medical rehabilitation course After a medical rehabilitation course

Pain severity

Figure 8. — Analysis of the dynamics of the severity of
Pphantom pain in the process of using MVF (Sign-test)

One week after the completion of the rehabilitation
course, three patients showed a slight increase in
phantom pain. After a second two-week course, after
a 10-day break, the pain was significantly relieved.

It was found that the use of MVF in patients in
the first days after amputation prevents the formation
of phantom pain, and in one patient, MVF showed
positive results in the process of adaptation to a
bionic prosthesis.

Conclusions

The results of the research work carried out made
it possible to assess individual characteristics of
the process of applying Mirror Visual Feedback in
patients with phantom pain, to present a variant of
the sequence of application of the method, taking
into account the atypical location of the phantom,
and allowing the following conclusions to be drawn:

1. The initial position of the phantom and the
ability to change its position in space at the sensory
level has a significant impact on the result of the
course of Mirror Visual Feedback.

2. The severity of phantom pain in patients
in the long-term period is significantly lower in
comparison with patients in whom amputation
has occurred recently, which, however, does not
lead to an increase in the quality of life and social
functioning.

3. The duration and frequency of Mirror Visual
Feedback courses are selected depending on the
duration, severity of phantom pain and patient
fatigue.

4. It is assumed that the use of Mirror Visual
Feedback in the early period after amputation,
prevents the development of phantom pain.
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OCOBEHHOCTHU NPUMEHEHUS 3EPKAJIBHOM BU3YAJIBHOUI
OBPATHO CBSI3U Y HAIIUEHTOB C ®AHTOMHBIMU BOJISIMHU
B KOHEYHOCTX B YCJIOBUAX ATUIIUYHOTI' O

HOJOXEHHUA ®PAHTOMA

B. B. Bym-I'ycaum’, JI. A. ITupozosa’, A. C. Apow’, C. C. Bacunesckuii', I0. 4. Cupuyvina’,
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Ooun u3 Haubonee NePcneKMuUBHbIX Memoo08 HelpopeaduIumayuu — 3epKaibHas GU3YalbHAs OOPAMHAsL C513b
(MVF). Hecmompsi na wiupokoe pacnpocmpanerue ungopmayuu 06 sgppexmusnocmu MVF, y cneyuanucmos, komo-
pble panee NPUMEHSIU SMON Mmoo, HO He OOOUNUCH NOJONCUMENbHBIX PE3VIbmMamos npu pabome ¢ nayueHmamu,
BO3HUKAENM MHO20 80NPOCO8 OMHOCUMETLHO CREeYUPUKU NPUMEHEHUS.

Lenv. Oyenumo 3¢pgpexmuernocmos MVF 05 ymeHvbUuieHUs 8bIPANCEHHOCTIU PDAHMOMHOU DOIU 8 AMIYMUPOBAHHO
KOHEeUHOCMU 8 YCI08UAX AMUNUYHO20 PACNONIONCEHUs (Danmoma.

Mamepuan u memoovi. B uccredosanuu npunsiiu yyacmue 29 nayuenmos ¢ hanmomuulmu OOIAMU 6 KOHEUHOCTISIX.
IIposedena oyenra evipasicenHocmu 6016020 CUHOPOMA U KAYECMBA HCUZHU.

Pesynvmamei. Yemanoseneno, umo s¢pgexmusnocmo MVF 3asucum om makux 6adcHuIX ()akmopos, Kax Heco-
omeemcmeue pacnoioNceHusi PaHmoma Ha YpoeHe OWYWEeHUN U 8 OMPAXCeHUl, OIUMeNIbHOCIb U 8bIPANCEHHOCMb
bo1e6020 cuHopoma.

Buisoowl. Baowcnutii pakmop ycnewnvix pesynvmamos npumerenus MVF —amo oyenka ucxoOHou nozuyuu panmo-
Ma U CNOCOOHOCMU USMEHSIND €20 PACROJIOJCEHUE 8 NPOCMPAHCINBE HA CEHCOPHOM YPOBHE.

Vmenvwenue svipasicennocmu panmommvix 60eti 6 OMOANIEHHOM NEPUOOE MONCEN CO30AMb UILTIO3UIO OO, YIMO
nayuenm adanmupogaics Kk npooneme.

Cpoxu u wacmomy xypca MVF cnedyem nodbupame unousuodyaibHo, 8 3a8UCUMOCHU OM OAUMETbHOCU, BblPd-
HCEHHOCU PAHMOMHBIX OO0l U YIOMAAEMOCMU RAYUEHMA.

Ipeononaeaemcs, umo npumenenue MVF 6 pannem peabunumayuuonHom nepuooe nocie amnymayuu npeoomepa-
waem pazeumue hanmomnulx 60ael, umo mpedyem OaIbHeUUUX UCCIeO08AHUL 8 OAHHOM HANPAGLEHUU.

Knrouegvie cnosa: panmomnas koneunocmo, amnymayus, 601b, peadbuiumayus.

Jna yumupoeanus: OcobeHHOCMU NPUMEHEHUs 3ePKATbHOU U3YAIbHOLU 0OPAMHOU C8A3U Y NAYUEHMO8 C (AHMOMHbI-
MU 6OIAMU 8 KOHEUHOCMAX 6 YCIOGUAX AMUNU4Ho20 noaoxceruss ganmoma / B. B Bym-I'ycaum, JI. A. [Tupocosa, A. C. Apouw,
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