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Assessment of the effects of therapy with the use of the
Fourier M2 neurological smart robot in post-stroke patients
with hemiplegia

Ocena efektow terapii z wykorzystaniem inteligentnego robota neurologicznego Fourier
M2 u chorych po udarze mézgu z niedowtadem potowiczym

Igor Swierkowski'®B.C.D.F) Marcin Krajczy2AP¢), Ewa Jach'EF), Piotr Kesicki'EF),
Katarzyna Bogacz'-3(P:6), Jacek tuniewski'(P:6), Jan Szczegielniak?3(C.C)

Politechnika Opolska / Opole University of Technology, Opole, Poland
2Szpital Miejski w Nysie / Nysa City Hospital, Poland
2Szpital Specjalistyczny MSWiA w Gtuchotazach / Specialist Hospital of the Ministry of the Interior and Administration in Gtuchotazy, Poland

Abstract

Objective. The objective of the study is to assess the effect of upper limb therapy with the use of the Fourier M2 smart robot in post-stroke patients with right and left
hemiplegia. Material and methods. The study included 13 post-stroke patients with hemiplegia. The study group consisted of 11 men and 2 women. Eight patients
experienced a left-sided stroke and five patients experienced a right-sided stroke. The patients were assessed using the Fourier M2 robot. Inclusion criteria for the study
were the occurrence of a stroke, hemiplegia, dysfunction of the upper limb, and restricted mobility. The patients underwent a 10-day therapy with the use of the Fourier
M2 smart robot, which is used for diagnostics, planning and conducting therapy:. Statistical calculations were performed using the Statscloud application. Results: On the
first day, the caloric values were lower (Mdn = 1.60) than on the last day (Mdn = 3.60), which proves the effects of using a smart robot in the neurorehabilitation of post-
stroke patients. The Wilcoxon test shows a statistically significant difference: z = -3.18; p = 0.003, r = -0.62. On the first day, the result was lower (Mdn = 1,231.00)
compared to the last day (Mdn = 1,591.00), which proves the effects of using a smart robot in the neurorehabilitation of post-stroke patients. The Wilcoxon test shows

a statistically significant difference: z = -2.48; p = 0.018, r = -0.49. On the last day, the score values are higher (M = 196.85, SD = 93.14) than on the first day (M = 137.46,
SD =99.96), which proves the effects of using a smart robot in the neurorehabilitation of post-stroke patients. The T-test shows that the difference was statistically
significant: t(12) = -3.22; p = 0.007, Cohen dav = 0.62, observed force = 0.32. With a random pair of values, there is a 73.08% chance that the last day’s value would be
higher than the first day’s value. On the first day, the distance values were lower (Mdn = 23.00) than on the last day (Mdn = 52.80), which proves the effects of using

a smart robot in the neurorehabilitation of post-stroke patients. The Wilcoxon test shows that the difference was statistically significant: z=-3.11; p=0.003,r =-0.61.
On the first day, the average speed values were lower (Mdn = 4.50) than on the last day (Mdn = 4.60), which proves the effects of using a smart robot in the
neurorehabilitation of post-stroke patients. The Wilcoxon test shows that the difference is statistically significant: z = -2.76; p = 0.009, r = —0.54. On the first day, the
proportion of active movement was higher (M = 27.25, SD = 21.72) than on the last day (M = 25.54, SD = 24.73), which does not prove the effects of using a smart robot
in neurorehabilitation stroke patients. The T-test shows that the difference was not statistically significant: t(12) = 0.31, p = 0.758, Cohen dav = 0.07, observed force =
0.04. In the case of a pair of randomly selected values, there is a 52.93% chance that the values on the first day would be higher than on the last day.

Conclusions. 1. The use of the Fourier M2 smart robot does not have a positive effect on increasing the proportion of active movement in post-stroke patients with
hemiplegia. 2. The use of the Fourier M2 smart robot has a positive effect on the improvement of the average speed of movement in post-patients with hemiplegia.

3. The use of the Fourier M2 smart robot has a positive effect on increasing the functionality of the upper limb in post-stroke patients with hemiplegia.

Key words:
stroke, neurology, robot, upper limb, hemiplegia

Streszczenie

Cel pracy. Celem pracy jest ocena wplywu terapii koniczyny gornej z wykorzystaniem inteligentnego robota Fourier M2 u chorych po udarze mézgu z niedowtadem
potowiczym, prawo- i lewostronnym. Materiat i metodyka. Badaniem zostato objetych 13 pacjentéw z porazeniem potowiczym wystepujacym w wyniku incydentu
udarowego. Grupe badawcza stanowito 11 mezczyzn oraz 2 kobiety. U 8 pacjentéw wystapit udar lewostronny, natomiast u 5 oséb prawostronny. Badani zostali
ocenieni przy pomocy robota do rehabilitacji Fourier M2. Kryteriami wigczenia do badania byto wystapienie incydentu udarowego, porazenie potowicze, dysfunkcja
konczyny gornej oraz ograniczenie ruchomosci. Chorzy byli poddani 10-dniowej terapii z wykorzystaniem inteligentnego robota Fourier M2, ktéry stuzy do diagnostyki,
planowania oraz przeprowadzenia terapii. Obliczenia statystyczne zostaty przeprowadzone przy uzyciu aplikacji Statscloud. Wyniki. W pierwszy dzien wartosci kalorii
byty nizsze (Mdn = 1,60) niz w trakcie ostatniego dnia (Mdn = 3,60), co $wiadczy o efektach wykorzystania inteligentnego robota w neurorehabilitacji pacjentéw po
udarze mézgu. Test Wilcoxona wykazuje roznice, ktdra jest istotna statystycznie: z = -3,18; p = 0,003, r = -0,62. W pierwszy dzien wynik byt nizszy (Mdn = 1231,00)

w poréwnaniu do ostatniego dnia (Mdn = 1591,00), co $wiadczy o efektach wykorzystania inteligentnego robota w neurorehabilitacji pacjentéw po udarze mézgu. Test
Wilcoxona pokazuje réznice, ktora jest istotna statystycznie: z = -2,48; p = 0,018, r = -0,49. W ostatni dzien wartosci dla punktow sa wyzsze (M = 196,85, SD = 93,14)
niz w trakcie pierwszego dnia (M = 137,46, SD = 99,96), co $wiadczy o efektach wykorzystania inteligentnego robota w neurorehabilitacji pacjentéw po udarze mozgu.
T-test pokazuje, Ze roznica byta istotna statystycznie: t(12) = -3,22; p = 0,007, Cohen dav = 0,62, zaobserwowana sita = 0,32. W przypadku pary losowo wybranych
wartosci istnieje 73,08% szans, ze wartos¢ z ostatniego dnia bedzie wyzsza niz warto$¢ w trakcie pierwszego dnia. W pierwszy dzien wartosci dla dystansu byty nizsze
(Mdn = 23,00) niz w trakcie ostatniego dnia (Mdn = 52,80), co $wiadczy o efektach wykorzystania inteligentnego robota w neurorehabilitacji pacjentéw po udarze
mozgu. Test Wilcoxona pokazuje, ze réznica byta istotna statystycznie: z=-3,11; p= 0,003, r = -0,61.W pierwszy dzien wartosci dla Sredniej predkosci sa nizsze

(Mdn = 4,50) niz w trakcie ostatniego dnia (Mdn = 4,60), co $wiadczy o efektach wykorzystania inteligentnego robota w neurorehabilitacji pacjentéw po udarze mozgu.
Test Wilcoxona pokazuje, ze réznica jest istotna statystycznie: z = -2,76; p = 0,009, r = -0,54. W pierwszy dzien proporcja ruchu aktywnego byta wyzsza (M = 27,25,

SD = 21,72) niz w trakcie ostatniego dnia (M = 25,54, SD = 24,73), co nie $wiadczy o efektach wykorzystania inteligentnego robota w neurorehabilitacji pacjentow po
udarze mézgu. T-test pokazuje, Ze roznica nie byta istotna statystycznie: t(12) = 0,31, p = 0,758, Cohen dav = 0,07, zaobserwowana sita = 0,04. W przypadku pary
wybranych losowo wartosci jest 52,93% szans, ze wartosci z pierwszego dnia bedg wyzsze niz w trakcie ostatniego dnia. Wnioski: 1. Wykorzystanie inteligentnego
robota Fourier M2 nie wptywa pozytywnie na zwiekszenie proporcji ruchu aktywnego u pacjentéw po udarze mézgu z porazeniem potowiczym. 2. Wykorzystanie
inteligentnego robota Fourier M2 wptywa pozytywnie na poprawe Sredniej predkosci ruchu u pacjentéw po udarze mézgu z porazeniem potowiczym.

3. Wykorzystanie inteligentnego robota Fourier M2 wplywa pozytywnie na zwiekszenie funkcjonalnosci konczyny gérnej u pacjentéw po udarze mozgu z porazeniem
potowiczym.

Stowa Kluczowe:
udar, neurologia, robot, koriczyna gérna, porazenie potowicze
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Introduction

Recently, many forms of physiotherapy have been enriched
with the use of modern devices supporting diagnostics,
standard procedures and positively influencing the final
effects of therapy. This is especially true of areas where
treatment may be difficult and not very effective according
to patients and therapists. Kinesiotherapy, physical therapy
or specialized methods, such as Bobath or PNF, are
therefore supplemented by robots or other technological
innovations, based in their work on the biomechanics and
anatomy of the human body. A significant benefit is their
use not only after single, difficult surgical incidents, but
also the possibility of using them in patients with disorders
such as, for example, hemiplegia resulting from a stroke,
which is one of the most common civilization diseases. It is
severe enough that it carries a substantial risk of disability,
which may include a wide range of symptoms. More than
half of the patients struggle with complications even many
years after a stroke. The degree of the patient’s disability
depends on the level of neurological deficit. The most
common complications include aphasia and motor
disorders, which often affect the functioning of the upper
limb, essential for everyday activities. Three months after
a stroke, only 12% of survivors do not report any problems
with the functioning of the hand, and 38% report
difficulties in the proper functioning of the hand [10]. Fast
and effective therapeutic management is essential to
prevent tendon contracture, spasticity or pain [5]. Restoring
the function and efficiency of the hand is a long and
burdensome process [24]. Based on the phenomenon of
neuroplasticity of the brain, smart therapy devices are
designed to prevent the formation or consolidation of
pathological movement patterns induced by a stroke
through repetitive, precise tasks and exercises. Examples
include HandTutor or Fourier M2 robots supporting upper
limb physiotherapy. The positive effects of using smart
devices are a pretext for their frequent use and expansion
of standard rehabilitation programs, which in the light of
the presented research, seems to be a very right decision.
This study presents a diagram of a physiotherapeutic
procedure involving the Fourier M2 robot used after
a stroke resulting in hemiplegia, and describes the aspects
related to working with similar devices in physiotherapy.
Physiotherapy of post-stroke patients with hemiplegia is
difficult due to the resulting limitations. Hemiplegia
prevents post-stoke patients from performing everyday
activities, and in some cases the patients become severely
disabled. Low mobility in the joints, muscle weakness and
contractures lead to a reduction in physical activity. These
factors reduce the quality of life and the regression of
patients’ physical fitness [3, 10, 12, 16, 20].

Objective

The objective of the study was to assess the effect of upper
limb therapy with the use of the Fourier M2 smart robot in
post-stroke patients with right and left hemiplegia.

www.fizjoterapiapolska.pl 211
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Material and methods

The plan was to conduct a study involving a large number of
post-stroke patients with hemiplegia. It was supposed to be
a selected group with a similar level of fitness in a certain age
range, but the COVID-19 pandemic caused by the SARS
COV-2 coronavirus made it difficult to perform the study in
this form. Ultimately, the small number of patients
participating in the study was conditioned by the strict terms of
hospitalization. The study included 13 post-stroke patients
with hemiplegia. The study group consisted of 11 men and 2
women. Eight patients experienced a left-sided stroke and five
patients experienced a right-sided stroke.

The patients were assessed using the Fourier M2 robot.
Inclusion criteria for the study were the occurrence of a stroke,
hemiplegia, dysfunction of the upper limb, and restricted
mobility.

The patients underwent a 10-day therapy with the use of the
Fourier M2 smart robot, which is used for diagnostics,
planning and conducting therapy. The robot is used to improve
the functionality of the upper limb.

The indices analysed during the study include the number of
calories burned (kcal), the result obtained during the training
session, the score gained, the distance that the patient covered
to reach the goal, the patient’s average speed, the proportion of
active movements. All patients underwent assistive training.
The training involved the patient following an icon that
appeared on the screen with his/her upper limb (using
a joystick). The score reflected the number of hits by the
patient on the icon. The average speed corresponded to the
speed at which the patient scrolled over the image as it
appeared. The proportion of active movement shows
a correlation of the percentage of the movement performed by
the patient in relation to the movement performed with the
assistance of a robot. The distance was the distance covered by
the patient during one training session.

Rycina 1. Pacjent w trakcie sesji terapeutycznej. Zrodlo: wlasne
Figure 1. Patient during a therapy session. Source: own elaboration

Statistical methods
Statistical calculations were performed using the Statscloud
application. The results of each of the indices (calories
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burnt, distance covered, result, score, average speed, propor-
tion of active movement) were compared on the first day of
therapy and on the last day using the Wilcoxon test and T-
test, which allowed for the determination whether they are
statistically significant. The results were also measured for
a monotonic statistical correlation between random variables
using the Spearman’s rank correlation coefficient. The last
test used for the statistical analysis was the Pearson correla-
tion coefficient, which allows to determine the level of linear
correlation between random variables.

Results

Assessment of calories burnt in the first and last test in
patients after a cerebral stroke rehabilitated with the
use of the Fourier M2 smart robot

The calories burnt were measured on the first and last day
of the training sessions.

Table 1. Assessment of calories burnt during the training session in the first and last test in patients rehabilitated with the
use of the Fourier M robot 2

Group Descriptive statistics Test statistics
Result mean z
Kcal First 13 2.415 1.971 0.000 —3.180 0.003
Last 13 3.338 1.791

SD: standard deviation

On the first day, the values of calories burnt were lower (Mdn = 1.60)
than on the last day (Mdn = 3.60), which proves the positive
effects of using a smart robot in the neurorchabilitation of
post-stroke patients. The Wilcoxon test showed a statistically
significant difference, z =—3.18; p = 0.003, r = —0.62.

Assessment of the obtained result in the first and last test in
patients after a cerebral stroke rehabilitated with the use of
the Fourier M2 smart robot

The achieved result was measured on the first and last day
of the training sessions.

Table 2. The result obtained during the training sessions in the first and last test in patients rehabilitated with the use of
the Fourier M2 robot

Group Descriptive statistics Test statistics

Result Srednia/mean z

Result Pierwszy/First 13 1661.462 1393.411 10 —2.481 0.018
Ostatni/Last 13 2197.769 1263.296

SD: standard deviation
On the first day, the result was lower (Mdn = 1,231.00)

compared to the last day (Mdn = 1,591.00), which proves
the positive effects of using a smart robot in the neuroreha-
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bilitation of post-patients. The Wilcoxon test showed
a statistically significant difference: z = —2.48; p = 0.018,

r=-0.49.
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Figure 2. Comparison of the results on the first and the last day of therapy in people with right and left hemiplegia

Assessment of the score obtained in the first and last
test in patients after a cerebral stroke rehabilitated with
the use of the Fourier M2 smart robot

The achieved score was measured on the first and the last
day of the training sessions.

Table 3. Score obtained during the training sessions in the first and last test in patients rehabilitated with the use of the
Fourier M2 robot

Group Descriptive statistics Test statistics Effect size

Result mean stand. dev. t Cohen'sd Hedges'g

Score Pierwszy/First 13 137.462 99.956 12 -3.215 0.007 0.62 0.60
Ostatni/Last 13 196.846 93.136

On the last day, the score was higher (M = 196.85,
SD = 93.14) than on the first day (M = 137.46, SD = 99.96),
which proves the positive effects of using a smart robot in
neurorehabilitation of post-stroke patients. The T-test shows
that the difference was statistically significant: t (12) = —3.22;
p = 0.007, Cohen d,, = 0.62, observed force = 0.32.

1 Score

Last Score

Side_stroke Side_stroke

Figure 3. Comparison of the score for patients with right and left hemiplegia on the 1st day and on the last day of therapy
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With a random pair of values, there is a 73.08% chance that
the last day’s value would be higher than the first day’s
value.

Assessment of the distance covered in the first and last test
by patients after a cerebral stroke rehabilitated with the
use of the Fourier M2 smart robot

The distance covered by patients was measured on the first and
the last day of the training sessions.

Table 4. Distance covered during the training sessions in the first and last test in patients rehabilitated with the use of the
Fourier M2 robot

Descriptive statistics Test statistics
mean
Dystans/  Pierwszy/First 13 35.492 29.168 1 =3.110 0.003
Distance Ostatni/Last 13 49.431 26.637

SD: standard deviation

On the first day, the distance values were lower (Mdn = 23.00)
than on the last day (Mdn = 52.80), which proves the posi-
tive effects of using a smart robot in the neurorchabilita-
tion of post-patients. The Wilcoxon test shows that the
difference was statistically significant: z=—3.11; p = 0.003,
r=-0.61.

I Distance
Last Distance
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Rycina 4. Poréwnanie dystansu w 1 i ostatnim dniu terapii u os6b z porazeniem prawo- i lewostronnym
Figure 4. Comparison of the distance on the first and the last day of therapy in patients with right and left hemiplegia

Assessment of the average speed value achieved in the first
and last test by patients after a cerebral stroke rehabilita-
ted with the use of the Fourier M2 smart robot

The average speed achieved by the patients was measured
on the first and the last day of the training sessions.
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Table 5. Average speed achieved during the training sessions in the first and last test in patients rehabilitated with the use
of the Fourier M2 robot

Group Descriptive statistics Test statistics
Result mean
Average speed First 13 5.108 2.823 6 —2.764 0.009
Last 13 7.546 6.671

SD: standard deviation

On the first day, the values for the average speed were
lower (Mdn = 4.50) than on the last day (Mdn = 4.60),
which proves the positive effects of using a smart robot in
the neurorehabilitation of post-stroke patients. The
Wilcoxon test shows that the difference is statistically
significant: z=—-2.76; p = 0.009, r = —0.54.

g speed
g speed
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Figure 5. Comparison of the average speed on the first and last day of therapy in patients with right and left hemiplegia

Assessment of the proportion of active movement achieved
in the first and last test by patients after a cerebral stroke
rehabilitated with the use of the Fourier M2 smart robot

The proportion of active movement achieved by the

patients was measured on the first and the last day of the
training sessions.

Table 6. Proportion of active movement obtained during the training sessions in the first and last test in patients
rehabilitated with the use of the Fourier M2 robot

Group Descriptive statistics Test statistics Effect size
Result

mean stand. dev. t

Cohen'sd Hedges'g

Proportion of First 13 27.246 21.716 12 0.315 0.758 0.07 0.07
active movement Last 13 25.538 24.730
216
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On the first day, the proportion of active movement was higher
(M = 27.25, SD = 21.72) than on the last day (M = 25.54,
SD = 24.73), which does not prove the effects of using a smart
robot in neurorchabilitation of post-stroke patients. The T-test
shows that the difference was not statistically
significant: t(12) = 0.31, p = 0.758, Cohen d,, = 0.07, observed
force = 0.04. In the case of a pair of randomly selected values,
there is a 52.93% chance that the values on the first day would
be higher than on the last day.
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Figure 6. Comparison of the proportion of active movement on the first and last day of therapy in patients with right and
left hemiplegia

Discussion

Stroke is one of the most common causes of death in the
world. The number of stroke patients increases every year. It
leads to serious complications, including hemiplegia (uni- or
bilateral), and in the most severe cases to permanent disability.
A significant problem is the regression of the functionality of
the upper limb in post-stroke patients. This dysfunction has
a negative impact on patients’ quality of life and makes it diffi-
cult for them to perform daily activities, which is why it is so
important to quickly undertake therapeutic rehabilitation wi-
thin the affected limb. Rehabilitation of the upper limb is
a long, demanding and difficult process. The main goal of this
procedure is to reduce/prevent contractures, improve the range
of motion and the functional state.

With technical progress, alternative techniques have joined the
traditional methods used in physiotherapy. An attractive form
is the use of the Fourier M2 smart robot, which is used not on-
ly for therapy, but also for the evaluation and diagnosis. This
device offers therapy in various modes, so that the rehabilita-
tion can be adjusted individually for each patient.

The author’s study describes the impact of the Fourier M2
smart robot on a group of 13 post-stroke patients with hemi-
plegia. The aim of rehabilitation was to increase mobility in
the upper limb and improve its functionality. The patients un-
derwent 10 sessions with the use of a robot which, apart from
the training function, also evaluated each patient during the
training session. All but one index (proportion of active move-
ment) showed statistical significance. The study compared the
achieved values of indices (number of calories burnt, result,
score, average speed and proportion of active movement) on
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the first and the last day of the training sessions with the use of
the Fourier M2 smart robot. For the calories index, the statisti-
cal significance was p = 0.003; the value of calories burnt on
the first day was lower than on the last one. For the index con-
cerning the result achieved by the patient during the training
sessions, the statistical significance was p = 0.018; the value of
the result on the first day was lower than on the last one. For
the index concerning the score achieved by the patient in the
training sessions, the statistical significance was p = 0.007; the
score achieved on the first day was lower than on the last one.
For the distance, the statistical significance was p = 0.003; the
distance achieved on the first day was lower than on the last
day. For the average speed achieved by the patient during the
therapeutic session, the statistical significance was p = 0.009;
the average speed achieved on the first day was lower than on
the last one. The proportion of active movement did not show
statistical significance as it was p = 0.758; the proportion of ac-
tive movement on the first day was higher than on the last day.
These results prove that the use of the Fourier M2 smart robot
positively influences the improvement of the functional state
of the upper limb. The only reservation is that due to the lack
of a control group in the conducted studies, it was not possible
to compare the results.

Caimmi et al., conducting studies using a robot similar to Fo-
urier M2, showed that neurophysiotherapeutic interventions of
this type constitute an effective form of supporting the treat-
ment process, taking into account the short duration of the in-
tervention itself and at the same time a long period during
which therapy can be applied after a stroke. The studies consi-
sted in assessing 10 patients with a hand-to-mouth test who
developed hemiplegia as a result of a stroke. The patients un-
derwent a 12-day session with the use of a rehabilitation robot.
One training session lasted 20 minutes and was conducted in
a passive mode. The tool used to evaluate therapy was the
Fugl-Meyer test. Only one patient showed no functional im-
provement. Improvement in the functionality of the upper limb
was reported by patients even up to six months after the end of
the physiotherapeutic treatment [3].

The results of studies conducted by Rosati G. et al., who stu-
died a group of 24 post-stroke patients, also refer directly to
therapy of the upper limb. The patients were divided into two
groups, where the control group underwent only standard phy-
siotherapy, and the study group additionally had sessions with
the use of a neurological robot. As in the previously described
study, the tool used for the evaluation was the Fugl-Meyer test.
The results of the study proved better effects of therapy in the
group that was also stimulated with the use of a smart robot
[21].

Masier S. et al. divided 20 patients into two groups, one of
which underwent standard physiotherapy, and the study group
additionally had training with the use of a neurorobot. The re-
sults of the study showed improvement in both groups, howe-
ver, the results were better in the patients who used the robot.
The effects of therapy lasted up to 3 months after its comple-
tion. It seems important that the modern form of therapy sup-
ported by a robot is positively received by patients, which
directly translates into increased commitment and motivation
[18].
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Gait training using a lokomat is an effective additional tool
used in physiotherapeutic programs in the treatment of chil-
dren with hemiplegia, as it plays a significant role in reducing
spasticity and improving the patient’s gait pattern [17].
Dynamic taping can also be a supplement to comprehensive
upper limb physiotherapy with the use of the Fourier M2 ro-
bot, as presented in the study conducted by Krajczy et al. The
study was conducted on 28 post-stroke patients who were divi-
ded into two groups. The control group had sessions using the
Fourier M2 smart robot, while in the study group additionally
dynamic taping, the purpose of which was to normalize the
muscle tone in the forearm, hand and shoulder joint on the af-
fected side. The results showed positive effects of both the ro-
bot and dynamic taping. The study group had their index
values (result, distance, average speed, proportion of active
movement, energy expenditure) compared on the first and last
day of therapy with the use of the Fourier M2 smart robot and
the application of dynamic taping on the upper limb. The in-
dex concerning the result achieved by post-stroke patients was
statistically significant: p = 0.020. The distance index in pa-
tients was statistically significant and amounted to p = 0.003.
The average speed index concerning the performance of tasks
during training with the use of the Fourier M2 robot was stati-
stically significant: p = 0.003. The index of the proportion of
active movement was not statistically significant: p = 0.337.
The index of energy expenditure in patients after a stroke obta-
ined during training with the use of the Fourier M2 robot was
statistically significant: p = 0.017. It should be noted that the
author of the above study, apart from the Fourier M2 robot, al-
so used dynamic taping in the area of the upper limb. When
analysing the results of dynamic taping and other studies, it
should be assumed that dynamic taping itself could have
a considerable influence on the statistical significance [12].

The innovativeness of physiotherapy manifests itself not only
in the area of robotization, but also in the form of increasingly
common virtual reality. Thanks to the use of immersive appli-
cations, which constitute an attractive form of therapy for pa-
tients, who become more involved during their training
sessions. This method, using neuroplasticity of the brain, is
helpful in patients with various dysfunctions, not only neuro-
logical [14].

Considering the recent publications in the field of neurorehabi-
litation, one more conclusion arises: regardless of whether the
assessed form of therapy focuses on innovative methods or ta-
kes into account the most conventional techniques, it is usually
not as effective separately as when used jointly.

The positive effects of using a smart robot in patients with ri-
ght or left hemiplegia are evidenced by the progress in the va-
Iues of calories burnt, distance covered, result, score and
average speed. The conducted study confirms the earlier as-
sumption that rehabilitation with the use of the Fourier M2
smart robot has a positive effect on the improvement of the
functionality of the upper limb in the study participants. The
use of a robot is one of the methods of physiotherapeutic ma-
nagement that can be used to achieve the desired effects in
a short time, such as increasing the average speed of exercises
or burning calories during a training session. The results invo-
lving the proportion of active movement were most likely in-
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fluenced by the small number of patients participating in the
study, the lack of a control group and the lack of patients’ in-
volvement in training. This assumption seems to be true when
analysing the results of studies conducted by Krajczy et al.,
which showed a significant improvement (46.09 before thera-
py, 55.68 after therapy) in the proportion of active movement
in the studied group of 28 patients [12].

Based on the cited studies of other authors and the presented
study, it can be concluded that smart robots in combination
with traditional methods of rehabilitation determine the future
of physiotherapy in various diseases.

Conclusions

1. The use of the Fourier M2 smart robot does not have a posi-
tive effect on increasing the proportion of active movement in
post-stroke patients with hemiplegia.

2. The use of the Fourier M2 smart robot has a positive effect
on the improvement of the average speed of movement in
post-stroke patients with hemiplegia.

3. The use of the Fourier M2 smart robot has a positive effect
on increasing the functionality of the upper limb in post-stroke
patients with hemiplegia.
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