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program szkoleniowy

REHABILITACJA KARDIOLOGICZNA W PRAKTYCE

Szkolenie skierowane do osob zajmujacych sie problematyka rehabilitacji kardiologicznej, podzielone na dwa moduty.

Modut | obejmuje zasady rehabilitacji kardiologicznej, metody diagnostyczne i terapeutyczne oraz role fizjoterapeuty w procesie rehabilitacji.

Modut Il omawia zagadnienia Kompleksowej Rehabilitacji Kardiologicznej u chorych po ostrym zespole wiericowym, po zabiegach kardiochirurgicznych,

po wszczepieniach kardiostymulatora oraz u chorych z chorobami wspdtistniejacymi.

SCHORZENIA STAWU BARKOWEGO - REHABILITACJA Z WYKORZYSTANIEM ELEMENTOW TERAPII MANUALNEJ

Szkolenie skierowane do fizjoterapeutow oraz studentow fizjoterapii, obejmujace zagadnienia z anatomii i fizjologii obreczy barkowej, podstaw artro i osteokinematyki,
charakterystyki wybranych urazéw i uszkodzen w obrebie obreczy barkowej, profilaktyki schorzen barku, diagnostyki pourazowej barku oraz praktycznego zastosowania
technik manualnych w rehabilitacji

DIAGNOSTYKA | LECZENIE MANUALNE W DYSFUNKCJACH STAWU KOLANOWEGO
Szkolenie skierowane do fizjoterapeutéw oraz studentéw fizjoterapii, obejmujace zagadnienia z anatomii stawu kolanowego, biomechaniki struktur wewnatrzstawowych,

charakterystyki wybranych uszkodzen w stawie kolanowym, diagnostyki pourazowej stawu kolanowegooraz praktycznego zastosowania technik manualnych w rehabilitacii.

PODSTAWY NEUROMOBILIZACJI NERWOW OBWODOWYCH - DIAGNOSTYKA | PRAKTYCZNE ZASTOSOWANIE W FIZJOTERAPII

Szkolenie podzielone na dwie czesci. Zajecia teoretyczne obejmuja zagadnienia dotyczace budowy komérek nerwowych, anatomii i fizjologii obwodowego ukfadu nerwowego

i rdzenia kregowego, pozycji napieciowych i pozycji poczatkowych testow napieciowych w konczynach oraz kregostupie. Zajecia praktyczne obejmuja wykonanie neuromobilizacji
dla nerwow obwodowych i opony twardej oraz przykladowe wykorzystania neuromobilizacji w jednostkach chorobowych.

TERAPIA PACJENTOW Z OBRZEKIEM LIMFATYCZNYM
Szkolenie podzielone na zajgcia teoretyczne z zakresu anatomii i fizjologii gruczolu piersiowego oraz ukladu chlonnego, objawow raka piersi, leczenia chirurgicznego,
rehabilitacji przed i pooperacyjnej oraz profilaktyki przeciwobrzekowej. Zajgcia praktyczne maja na celu zapoznanie z metodami stosowanymi w terapii przeciwobrzekowej,

praktycznym wykorzystaniem materiatow do kompresjoterapii oraz omowieniem zaopatrzenia ortopedycznego stosowanego u pacjentek po mastektomii.

FIZJOTERAPIA W ONKOLOGII - ZASADY POSTEPOWANIA W WYBRANYCH PRZYPADKACH KLINICZNYCH
Szkolenie obejmuje zagadnienia dotyczace epidemiologii nowotwordw i czynnikow ryzyka, diagnostyki, leczenia oraz nastepstw leczenia nowotworow
(leczenie ukladowe, chirurgiczne, chemioterapia, radioterapia), podstaw terapii pacjentow leczonych w chorobach nowotworowych piersi, ptuc, przewodu pokarmowego,

okolicy glowy i szyi, uktadu moczowo-ptciowego, ukfadu nerwowego. Czgs¢ praktyczna to cwiczenia oraz metody fizjoterapeutyczne w jednostkach chorobowych.

LOGOPEDIAW FIZJOTERAPII

Szkolenie obejmuje nastepujace zagadnienia teoretyczne: zatozenia, zakres dziafan i uprawnienia terapii logopedycznej, narzedzia diagnozy logopedycznej,

grupy pacjentow objetych terapia logopedyczna (dzieci z opdznionym rozwojem mowy i dorosli, m.in. pacjenci z afazja, SM, choroba Parkinsona), zaburzenia mowy
a globalne zaburzenia rozwoju psychoruchowego, dysfunkcje ukfadu ruchowego narzadu zucia, wspolne obszary dziatania fizjoterapeuty i logopedy.

Czesc praktyczna obejmuje studium przypadku: ¢wiczenia - ksztaltowanie umiejetnosci $wiadomego i prawidiowego operowania oddechem.

INFORMACJE | ZAPISY

tel. 42 684 32 02, 501 893 590
e-mail: szkolenia@tromed.pl

TROMED Zaopatrzenie Medyczne
ﬂ 93-309 Lodz, ul. Grazyny 2/4 (wejscie Rzgowska 169/171)
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PODSTAWY NEUROREHABILITACJI - UDAR MOZGU - MODUL 1
Szkolenie obejmuje zajgcia teoretyczne omawiajace mechanizm udaru mozgu i jego nastepstwa kliniczne, diagnostyki dla potrzeb fizjoterapii, rokowan, mechanizmow zdrowienia,
plastycznosci ukfadu nerwowego oraz aktualne zaleceniach dotyczace fizjoterapii pacjentow po udarze mozgu. Zajecia praktyczne to przyktady terapii pacjentow w okresie wczesnej

i wtornej rehabilitacji, propozycje rozwiazywania problemow strukturalnych i funkcjonalnych oraz wykorzystanie metody Bobathow w rehabilitacji pacjentow po udarze mozgu.

PODSTAWY NEUROREHABILITACJI - UDAR MOZGU - MODUL 2

Szkolenie obejmuje warsztaty praktyczne z zakresu diagnostyki funkcjonalnej pacjentow, podstawowych problemow strukturalnych i funkcjonalnych oraz propozycje terapii:
reedukacji funkcji koiczyny gornej i dolnej oraz wybranych strategii rehabilitacji. Omawiane jest réwniez zagadnienie dysfagii, w tym objawy zaburzen polykania, testy i ocena
zaburzen, zasady bezpiecznego karmienia, strategie terapeutyczne, ¢wiczenia miofunkcyjne oraz specjalne techniki utatwiajace potykanie.

SCHORZENIA NARZADOW RUCHU U DZIEC! | MLODZIEZY - ZASADY | KRYTERIA LECZENIA ORTOPEDYCZNEGO
Szkolenie obejmuje zagadnienia wad postawy u dzieci i mtodziezy, wad wrodzonych narzadow ruchu, wezesnego wykrywania nabytych schorzen narzadéw ruchu,
nauke badania ortopedycznego oraz zbierania wywiadu oraz praktyczne wskazéwki oraz koncepcje w stosowaniu ortez i aparatéw ortopedycznych.

Szkolenie skierowane do lekarzy ortopedow, pediatrow, lekarzy rodzinnych, lekarzy rehabilitacji medycznej, fizjoterapeutow oraz sredniego personelu medycznego.

WSPOLCZESNE METODY LECZENIA WYBRANYCH DYSFUNKCJI STAWU SKOKOWEGO | STOPY
Szkolenie obejmuje zagadnienia z anatomii, biomechaniki stawu skokowego i stopy, metodyki badania stopy, postepowania w leczeniu urazow stawu skokowego i stopy,
nabytych znieksztalceniach stopy (przyczyny, objawy, sposoby postepowania) oraz pozostatych dysfunkcjach w obrebie stawu skokowego i stopy (entezopatie, przeciazenia,

zapalenia, zespoly uciskowe nerwow, gangliony, zmiany zwyrodnieniowe, stopa cukrzycowa, stopa reumatoidalna).

CHOROBA ZWYRODNIENIOWA STAWOW - ALGORYTM POSTEPOWANIA DIAGNOSTYCZNO-TERAPEUTYCZNEGO

Szkolenie obejmuje nastepujace zagadnienia: choroba zwyrodnieniowa stawow - podstawowe pojecia, algorytm postgpowania diagnostyczno-terapeutycznego , nowoczesne
metody leczenia w chorobie zwyrodnieniowej stawow, nauka prawidtowej oceny zaawansowania choroby zwyrodnieniowej w oparciu o wywiad, badania ortopedyczne

i badania dodatkowe, zastosowanie ortez i aparatéw ortopedycznych w chorobach zwyrodnieniowych.

Szkolenie skierowane do lekarzy ortopedow, pediatrow, lekarzy rodzinnych, lekarzy rehabilitacji medycznej, fizjoterapeutow oraz sredniego personelu medycznego.

MOBILNOSC | STABILNOSC W SPORCIE | FIZJOTERAPII

Szkolenie obejmuje nastepujace zagadnienia: znaczenie treningu mobilnosci i stabilnosci w sporcie i fizjoterapii, definicja mobilnosci, przyczyny ograniczen, strategie
postepowania oraz techniki pracy nad zwiekszeniem mobilnosci z uzyciem przybordw, definicja stabilnosci, przyczyny zaburzen, strategie postepowania oraz

trening stabilnosci w sporcie i fizjoterapii - zajecia praktyczne.

MOZGOWE PORAZENIE DZIECIECE - ALGORYTM POSTEPOWANIA DIAGNOSTYCZNO-TERAPEUTYCZNEGO

Szkolenie obejmuje nastepujace zagadnienia: MPD - zespot symptomow, etapy leczenia, cele i wskazowki terapeutyczne, kwalifikacje pacjenta do danego etapu leczenia,
nauka badania ortopedycznego w Mozgowym Porazeniu Dzieciecym, zastosowanie ortez i aparatow ortopedycznych w MPD.

Szkolenie skierowane do lekarzy ortopedow, pediatrow, lekarzy rodzinnych, lekarzy rehabilitacji medycznej, fizjoterapeutow oraz sredniego personelu medycznego.
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Wplywu stymulacji sensomotorycznej stopy na
stabilnos¢ posturalng, sprawnosc¢ funkcjonalna
i obcigzenia konczyn dolnych u pacjenta

w poznej fazie po udarze niedokrwiennym

Effect of sensorimotor foot stimulation on the body postural, function and load of the lower limb in
patients in the late phase after stroke

Magdalena Goliwas®B.°), Piotr Kocur®E), Marzena Wiernicka®-e), Ewa Kaminska(®),
Jacek Lewandowski(P:EF)

Katedra Rehabilitacji Narzadu Ruchu, AWF im. E. Piaseckiego w Poznaniu, Polska/
Depattment of Musculoskeletal System Rehabilitation, Eugeniusz Piasecki University School of Physical Education in Poznan, Poland

Streszczenie

Istnieje kilka badan, ktére oceniajg wptyw stymulacji stop w po udarze mézgu. Badanie obejmowato ocene
skutkéw stymulacji sensomotorycznej stopy u chorych po udarze niedokrwiennym maézgu. Pacjenci zostali
(> 1 rok po udarze) losowo przydzielono do grupy badanej (n = 20), i grupy kontrolnej (n = 17). W obu
grupach przeprowadzono standardowy sze$ciotygodniowy program rehabilitacji. W grupie badane;j,
standardowy program rehabilitacji zostat uzupeiniony treningiem stymulacji sensomotorycznej stopy.
Analizg objeto: stabilno$¢ postawy, rownowage, funkcje motoryczne, napiecie miesniowe, uczucie

w koniczynie dolnej. W obu grupach nie zaobserwowano zmian istotnych statystycznie w nastepujace
parametry: obszaru COP i dtugos¢ COP. Znaczace zmiany odnotowano w grupie badanej w probie z i bez
kontroli wzroku w parametrach oceniajacych obcigzenie catkowite konczyny bezposrednio i posrednio
objetych niedowtadem. Index Symetrii w grupie badanej ulegt obnizeniu o 13,2% w teScie z kontrola
i015,1% bez kontroli wzroku. W grupie badanej zaobserwowano istotne zmiany w parametrach
opisujacych sprawnos$¢ motoryczng i rownowage, a takze w ocenie napiecia mieSniowego w obrebie stawu
skokowego.

Stowa kluczowe:
stymulacja sensomotoryczna stopy, Fugl-Meyer Assessment Scale, Index Symetrii

Abstract

There are few studies which assess the impact of stimulation of the foot in after-stroke patients. The study
involved an assessment of the effects of sensorimotor foot stimulation in patients after ischemic stroke.
Patients (post-stroke duration > 1 year) were randomized to the experimental group (n = 20) and control
group (n = 17). Both groups completed a standard six-week rehabilitation programme. In the experimental
group, the standard rehabilitation programme was supplemented by sensorimotor foot stimulation training.
The analysis included: postural stability, balance, motor function, muscle tone, sensation. In both groups
have not significantly changed the following parameters: center of foot pressure (COP) area and COP length.
Significant changes have been observed in the experimental group with and without visual control for the
following parameters: total load of lower limb directly and indirectly covered by a stroke. Symmetry Index
has shown a reduction ratio in the experimental group by 13.2% in the test with and by 15.1% without
visual control. In the experimental group significant functional changes have been demonstrated in motor
function and balance as well as in the assessment of muscle tone within the ankle. Sensorimotor foot
stimulation with standard rehabilitation procedure is a better form of physiotherapy than use standard
rehabilitation only.

Key words:
Sensorimotor foot stimulation, Fugl-Meyer Assessment Scale, Symmetry Index
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Introduction

Stroke is one of the most common causes of early disability
and it decreases the quality of life. In the first week after
a stroke [1, 2] only about 12% of patients are independent
in performing basic activities of daily living (ADL), such
as: eating, bathing, grooming, and moving. As many as
25% up to 74% of patients have problems with those
activities [3,4].

Hemiplegia, which is characterized by: muscle weakness
and loss of motor skills in one half of the body, changes in
sensory and cognitive functions, deterioration in motor
coordination, may reduce the limit of patient's postural
stability [5] and, consequently, increase the risk of falls by
23-50% in chronic phase patients [6]. As the patient’s
functions deteriorate the costs of energy expenditure on
daily activities ADL and the risk of social problems
increase [5]. The majority of patients are not able to stand,
to make small movements necessary to keep the balance
and the load distribution between right and left foot is
asymmetrical.

The insole plantar pressure distribution changes. There is
a disproportion of pressure distribution between the limb
directly affected by the paresis and the one indirectly
affected. When a person is standing, their feet are, in most
part, the only direct contact with the external environment
and they are responsible for maintaining the balance.
Sensory receptors, which in large numbers are located on
the foot, through feedback transmit the information to the
higher cognitive centers and thus affect the process of
planning subsequent motor functions [7-10].

The basis for the after-stroke care is an interdisciplinary,
comprehensive rehabilitation, the implementation of which
is already significant in the first days after the stroke and
continued very often in the chronic phase [11-14].

There are few studies which assess the impact of an active
or passive stimulation of the foot in after-stroke patients
[15].

Therefore, it is important to look for new methods of
rehabilitation of such patients and assess their effects.
Sensorimotor stimulation of the paretic foot is a proposal
which develops physiotherapist’s techniques. The aim of
the study was to assess the impact of sensorimotor foot
stimulation on postural stability, functional efficiency and
load distribution of the lower limbs in patients in a late
phase after an ischemic stroke.

www.fizjoterapiapolska.pl 25
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Subjects and methods

The study was carried out on a rchabilitation ward in
Poznan, with the approval of the Bioethics Committee at the
Poznan University of Medical Sciences. At the time of the
study, between 2013-2015, there were 80 after-stroke
patients in the facility. 38 patients who did not meet
inclusion criteria for the study were rejected.

There were the following inclusion criteria: an ischemic
stroke, which took place more 12 months ago; patients
who can achieve and maintain an upright position for at
least 30 seconds; agreement to participate in the study.
There were the following exclusion criteria: a hemorrhagic
stroke; an ischemic stroke with fewer than 12 months after
the stroke; coexistence of other central nervous system
disorders such: Parkinson's disease, Alzheimer's disease,
multiple sclerosis; diabetes; disabling injuries associated
with musculoskeletal system (fractures, sprains); wounds
of soft tissue in the foot; inability to keep an upright
position for at least 30 seconds; visible imbalances; in the
past: falls; headaches and dizziness; patients reluctant to
participate in the study.

Patients for the treatment group and the control group were
selected randomly from the patients who met the inclusion
criteria. The treatment group consisted of 23 patients and
a control group of 19.

Functional assessment of every patient took place twice, in the
first and last day of the stay at the rehabilitation ward. The
assessment was done by one person (a physiotherapist).
Assessment included: postural stability, balance, agility, tension
and feeling in the lower limb directly affected by the stroke.
The assessment of the postural stability and load distribution
on plantar surface of the foot was performed with the use of
a treadmill FDM-TDL produced by Zebris with Win FDM-T
software with Stance module. The pressure-measurement
range is 1-100 N/cm? with a sampling of 100 Hz. The device
saved such parameters as: the length of the center of foot
pressure (COP), COP area, and load of the forefoot and
hindfoot of the left and right lower limb, as well as the total
load of the right and left foot. Each measurement was
preceded by a calibration of the device. During the tests the
patient was standing barefoot on the platform, the feet were
rotated out at an angle of 14°, with heels 4 cm from each other
parallel to the X axis. The patient achieved and maintained
a standing position with arms lowered along the torso and
head set in Frankfurt plane for 30 seconds [16-18].

There were 10 measurements made successively, the first 5 with
eyes open, another 5 in the same position with eyes closed.

The balance was assessed by a Berg Balance Scale (BBS)
test. The test assesses the ability to maintain a static and
dynamic balance when performing 14 tasks such as: sitting,
getting up, standing up, standing with eyes closed, standing
on one leg, standing on a narrow basis, reaching forward,
reaching for objects, twisting the torso, rotating the body.
The patient can get 56 points, which proves a correct posture
[19-23].

The efficiency of the lower limb was tested with Fugl-Meyer
Assessment Scale (FMA), and more specifically its
subscales testing lower limbs: Motor Function-Lower

www.fizjoterapiapolska.pl
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Extremity. The neuromotor efficiency of the paretic limb was tested
in a lying, sitting, and standing position. The patient’s task was to
make specific movements three times with a lower limb indirectly
affected by the paresis and then the movement was repeated three
times with the limb directly affected by the paresis. Only the
movement of the directly affected limb was assessed. The best
performance was rated on a scale of 0 to 2, where 0 represents no
valid movement, 1 means the movement partially made correctly, 2
is full correct move. The test assessed their own muscle reflexes:
a knee-jerk reflex and an ankle-jerk reflex. The study also assessed
dysmetria, tremor and the speed with which a specific sequence of
movements was made. The total of 34 points that can be achieved
proves correct motor skills of the paretic limb [20, 24, 25].

A modified Ashworth scale was used to assess the state of muscle
tone in the paretic limb. The 6-stage scale (0, 1, 1+, 2, 3, 4), where 0
is no increase in muscle tone and 4 the inability of making a move
in the joint. The assessment of muscle tone is done by conducting
passive motion in the joint, subjectively determining the resistance
of the tested muscle at the time when its origin and insertion move
away. In the present study the increased muscle tone was assessed
in a position of lying down at the back, with all movements taking
place in the hip and knee joints. In the ankle joint we tested
dorsiflexion, plantar flexion, inversion and eversion. Then all the
obtained assessment values of increased muscle tone for the entire
limb were added for easier presentation on charts. The higher the
point value, the greater the increased muscle tone in the lower limb
[26].

Exteroceptive sensation was tested with a light touch using a swab
in 7 points located on the foot (big toe, little toe, metatarsal bones
(I and V), heel bone, medial and lateral margin of the foot). The
patient was in a sitting position; feet were based on the ground.
Each area on foot was scored on a scale of 0.1 (0-numbness, 1-
normal sensation) [27].

A complete load of the lower limb indirectly and directly affected
by paresis was used to analyze the Symmetry Index (SI). The
average value of the five consecutive tests for the above parameters
was calculated and then substituted into the above formula. The SI
was assessed for the tests performed while standing on both feet
with eyes open and closed. The SI) of the lower limbs was
calculated,; it is one of the most popular methods for assessing the
percentage difference between the kinematic and kinetic parameters
of both limbs. The most common formula used to study the
symmetry is the one developed by Robinson (1987) [28]:

where:
X is the value of the specified parameter for the right limb,
X, is the value of the specified parameter for the left limb.

For the purpose of this study the formula was modified in
order to be used for after-stroke patients,

www.fizjoterapiapolska.pl 27
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Xpo - Xao
SI=2 ——— x100%,
XPO + XBO
where:
Xpp 1s the value of the specified parameter for the limb
indirectly affected by paresis,
Xpo is the value of the specified parameter for the limb
directly affected by paresis.

The positive values indicate a greater load on the side
indirectly affected by paresis, and negative values indicate
a greater load on the side directly affected by paresis.

All patients from the treatment and the control group
underwent the process of rchabilitation which lasted six
weeks. Rehabilitation began the second day of the stay on
the ward and ended the day before the patient left for home.
The rehabilitation program consisted of an individual
therapy with a physiotherapist, kinesitherapy and
physiotherapy treatments.

Individual therapy with a physiotherapist included therapy
based on the NDT Bobath concept, PNF and other
physiotherapy techniques. It lasted 30 minutes, five days
a week.

Kinesitherapy took place 2 times a day and lasted 45
minutes, 6 days a week. Kinesitherapeutic methods included:
non-weight bearing exercises, active exercises with
resistance, the treadmill, the rotor for lower and upper limbs,
cycloergometer, learning to walk and others.

Physiotherapy treatment ordered by a medical specialist
were selected from the whole range of treatments: electrical
treatments,  hydrotherapy, phototherapy (number of
treatments: 2).

Sensorimotor foot stimulation

The tested factor which differs the treatment group form the
control group is the sensorimotor foot stimulation. Sensorimotor
foot stimulation program consisted of 25 sessions, each lasting 20
minutes. Sensorimotor foot stimulation was performed during
individual therapy sessions with the therapist in the treatment
group. The remaining 10 minutes was devoted to typical
individual work with a therapist like in the control group.

The main assumptions of the sensorimotor stimulation included:

e improving flexibility of the soft tissue around the ankle
and foot by using techniques of slow long-term NDT Bobath
elongation, restoring mobility in the ankle, in the metatarsal
joints and interphalangeal joints using various types of
manual techniques, among others: traction.

e facilitating and improving the sensation in the foot by
stroking, kneading and irritating the surface of the entire foot
with objects of different textures;

www.fizjoterapiapolska.pl
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e learning and improving selective movements within the
ankle joint through the use of stimuli: visual, auditory and
sensory so that the patient makes an independent movement
in the joint

e learning and improving symmetrical loading of the feet
while standing up and standing with eyes open and closed.

e learning and improving symmetrical load of the feet while
standing up and standing on the ground of different textures.

Daily therapeutic intervention plan included:

Day 1-3: improving the flexibility of the soft tissue around the
ankle and foot, 4-9 day: facilitating and improving the sensation
in the foot, 10-13 day: learning and improving selective
movements within the ankle joint, 14-18 day: learning and
improving symmetrical load of the feet while standing up and
standing with eyes open and closed, 19-25 day: learning and
improving the symmetrical load of the feet while standing up and
standing on the ground of different textures.

Statistical methods

The results were verified statistically using traditional
measures of statistical dispersion. All tested features were
quantitative variables. Most of the analyzed variables had
normal distributions. U Mann-Whitney test was used when
comparing the treatment group with the control group, which
checked whether the values of samples collected from two
different groups are equally large. Wilcoxon test was used to
compare the data within one group before and after the test,
to investigate whether there was a statistically significant
change. The results of the analyzed scales depending on the
sample eyes open/eyes closed were also analyzed with the
use of Wilcoxon's test.

The  statistical analysis was performed using
STATISTICA and PQStat ver. 1.6. The level of
significance was set at p < 0.05, and the level of high
significance at p < 0.0001.

Results

All patients enrolled in the study (n = 42) underwent the
process of rehabilitation. 3 patients from the treatment group
and 2 patients from the control group were excluded from
the final analysis of the results as their stays were shortened
to 3 weeks. The treatment group included 20 and the control
group 17 patients after an ischemic stroke. Table 1 shows
characteristics of the patients.

Patients in both groups before the rehabilitation process did
not differ among themselves in terms of the number of years
that passed after the stroke, their age, weight, height and
BMI. The groups did not differ in terms of the parameters
describing the patient, i.e.: the length of the COP, COP area,
the proportion of the load of the lower limbs, the SI index,
BBS test, tension in the lower limb, and sensing capability.
There were no differences between groups in the number of
completed medical procedures. The number of procedures
performed during individual therapies did not differ between
the groups. General rehabilitation and physiotherapy
exercises differed significantly in terms of the number of
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Table 1.The general characteristics of subjects

Variable Experimental group Control group
n=20 n=17
Gender (W/M) 8/12
65.8 £9.2
Age (years) 61.4+8.0
1.7£0.1
Height (m) 1.7 +£0.1
76.2 £9.2
Weight (kg) 76.4 £11.3
26.9 £2.6
BMI (kg/m?) 26.3+£2.4
9/8
Stroke sites (right/left) 10/10
39425
Duration (year) 35423
188/11.1
Total number of treatments for n=1 234/11.7
2.2
Individual exercises for n=1 2.7
5.1%
General physiotherapy for n=1 5.2
2.2%
Physical therapy treatments for n=1 3.9
8/9

*- statistical difference between the groups
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performed procedures. While in the control group general
rehabilitation exercises were more often used, in the
treatment group physiotherapy exercises were more
frequent.

Table 2 shows all reported values of the measured parameters
describing the balance and efficiency of the lower limbs in the
first and second period of the study. Examined the importance of
differences that emerged between the periods of the tests in the
treatment group and the control group. Functional assessment
conducted on the basis of BBS (p = 0.0358), FMA (p < 0.0001),
Ashworth rating scale assessing increased muscle tension showed
that patients in the treatment group and the control group
improved significantly (p=0.0068). However, the change in
results between the first and second period of the test was more
important for the treatment group which used sensorimotor foot
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stimulation. Only the results of the test assessing sensing
capabilities did not change. There were no changes observed in
both groups after the rehabilitation process.

Table 2. Parameters measured before and after 6 weeks of rehabilitation

Grupa badana/Experimental group

Zmienna
Variable
przed po zZmiana przed FARIEDE
before after change before change
BBS 40.7 £12.9  46.5 £10.3 < 40.3 £13.2 43.4+£12.1 &
FMA 17.7 £6.8 23.4+6.1 < 22.1+£6.2 24.4 £6.4 &
Ashworth Scale 12.4 £8.1 7.7 £6.7 ns 12.5+84 10.4 £6.9 &
COP area (mm?) AO  177.1+£122.6 166.3 £111.5 ns 128.1 £75.2 126.9 £78.1 ns
AC  306.2 £363.6 273.1 £284.8 ns 228.8 £140.8 209.0 £118.7 ns
COP lenght (mm) AO  755.7+164.2 780.6 £193.1 ns 636.9 £130.7 683.9 £78.1 ns
AC  998.0+£362.2 989.0 +£344.1 < 827.0 £215.4 824.8 £210.4 ns
Load on the directly affected AO  39.3+11.7 42.8+10.1 g 38.6 +8.3 38.8 8.7 ns
extremity stroke AC  39.6+12.0 42.6+10.7 < 38.6+9.3 39.6+9.4 ns

(% - N/em?)

Load on the indirectly affected AO  60.8 £11.7  57.3 +10.2 * 1.4+83 60.9 £6.3 ns
lower extremity stroke AC  60.4+12.0 57.4+10.7 * 61.4+9.4 60.4+£9.4 ns
(% - N/em?)

Difference between load onthe AO  21.5+23.5  14.6420.3 * 22.1£16.5 22.1+174 ns
directly and indirectly affected AC ~ 20.8£24.0 14.84+21.5 g 1824235 15.6+23.6 ns
lower extremity stroke

(% - N/em?)

SI AO  485+409 3544349 e 41.4+34.0 39.3+£33.6 ns
AC 5184362 36.7+36.5 e 41.1£36.3  34.4+£37.0 *

FMA — test Fugle-Meyer Assessment Scale
BBS — test Berg Balance Scale

COP — center of foot pressure

AO — test with eyes opened

AC — test wykonany z oczami zamknigtymi;

ns — /changes are not statistically significant
*Statistically significant differences for p < 0.05
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In tests with both eyes open and closed, in terms of the COP
length and COP area describing postural stability, there were
no significant differences between the groups after the
rehabilitation process.

Observation of parameters describing the distribution of the
load between the limb directly and indirectly affected by
paresis indicates a significant change after 6 weeks of
rehabilitation only in the treatment group, in a test with both
eyes open and closed.

There was also a difference in the SI before and after the
rehabilitation process. SI decreased by 13.3% (a test with
eyes open) and 15.1% (a test with eyes closed) in the
treatment group and these changes were statistically
significant. In the control group the changes were not
statistically significant for the differences between the test
periods SI changed by 2,9% (a test with eyes open) and 6.8%
(a test with eyes closed).

Discussion

There are few studies that show the effects of passive and
active sensory training in after-stroke patients. The main
limitation of the studies presented in the literature is the
small number of subjects and heterogeneity of the group [15]
and therefore the goal of the study is to assess the impact of
sensorimotor stimulation of the foot directly affected by
paresis on postural stability in patients who suffered from an
ischemic stroke (at least 12 months after the stroke). In
addition, the study also analysed the impact of sensorimotor
foot stimulation on the parameters assessed subjectively, that
is balance — with the use of BBS test, agility of the lower
limb — with the use of FMA and muscle tension.

Our patients were aged 51-80 years old and in comparison
with the studies of other authors the group was
homogeneous. For comparison, the patients of Geiger et al.
[19] were aged 30-77 years old, the patients of Srivastava et
al. [22] 22-65 years, while the group of Tyson et al. [29]
included 28 people aged 28-82 years. The most similar data
in terms of age of patients was reported in the study
conducted by Harris et al. [21].

Comparing the time that elapsed after the stroke, multiple
authors have a rather broad spectrum of days and years to
qualify patients for treatment groups. Studies included
patients 1 year to 10 years after an ischemic stroke. In the
group of Harris et al. [21] there were patients 1 year to 24
years after the neurological event. Geiger et al. [19]
examined patients between 15-538 days after the stroke, and
at the same time the author compared the impact of the
balance training in acute-phase patients and chronic-phase
patients.

Analyzing dimorphic differences of the subjects, we did not
find any studies that would correlate the selected sensory or
motor training with the sex of after-stroke patients. The
published studies describe the status of both women and men
in the groups, yet there are no separate conclusions for
women and men after a stroke. They are studies conducted
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on homogeneous, in terms of sex, groups and they include
healthy people. Illing et al. [30] observed that the way in
which sensory and postural systems work depends on age;
their group included only healthy men. Men aged 60-70
are physically less stable and are more likely to fall than
younger men. Similarly Maciaszek et al. [31] assessed
a group of men, aged 60 and older, who reported no pain
and were characterized by good health. The author proved
that Tai Chi training has a positive impact on postural sta-
bility and the strength of the lower limbs in a homogenous,
in terms of sex, group. Differences stemming from sex and
postural stability are a very important aspect and a frequ-
ent subject of studies concerning children or young people
[32, 33].

The situation looks similar when dividing patients according
to the side affected by hemiplegia. Very rarely do we see
a separate analysis for left side and right side hemiplegia
when the impact of the proposed therapeutic method is
discussed. You can find numerous studies that separately
assess and analyze the improvement of the efficiency of the
lower [26] and the upper limb [34].

Posturographic platforms are the most common tools for
quantitative evaluation of the efficiency of the balance
[23,35-37]. The most commonly measured parameters are:
the area of the COP, COP lenght, size and frequency of the
COP displacement in the sagittal plane and the movements
in the frontal plane [23, 31, 38-41]. The measurements are
performed when the patient is standing on both feet, on one
foot, with eyes closed and open [42]. The measurement can
also be recorded with the visual-motor feedback [43]. The
surface on which the patient is standing can be solid, soft,
elastic [35, 44]. In our studies the patient was standing on
both feet on solid ground, with eyes open and closed. The
test lasted 30 seconds and it is the time which usually occurs
in the studies describing after-stroke patients. The
measurements were recorded with Zebris device. The variety
of posturographic platforms which are used to diagnose
patients with damaged central nervous system, e.g.:
NeuroCom Balance Master [19], Biodex Balance Master
[22], but also for conducting the balance training, make it
very difficult to compare the results between researchers.
When analyzing the parameter of the total load of the lower
limb directly and indirectly affected by paresis before the
rehabilitation process, there were no significant differences
during tests with eyes closed and eyes open. Significant
changes were observed in the treatment group during the
second period of tests after the rehabilitation process. The
value of the total load parameter of the limb indirectly
affected by paresis decreased, and that of the directly
affected one increased. In the control group the values did
not exceed the level of materiality threshold. The above
presented comparison indicates that the proposed
sensorimotor foot therapy had a positive effect on the
proportions of the total load of the lower limb in the
treatment group compared with the standard physiotherapy
procedures in the control group. Earlier, similar results were
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obtained in a smaller study group of the pilot studies. Very
similar results were achieved by Sungkarat et al. [45] who
stimulated the patient’s foot with an insole, while Lynch et
al. [27] did not observe any improvement after sensorimotor
training which consisted in stimulating selected points on the
foot.

The analysis of the postural stability, using Zebris system,
showed that all patients when standing put more weight on
the lower limb indirectly affected by stroke. This assessment
differs significantly from the one coming from the studies
conducted by Forghani et al. [46]. The author used a visual
assessment of the feet, and the results indicate a symmetrical
placement of the feet in most patients.

In order to assess the patient's motor function, the FMA scale
was selected to assesses the functional capacity of the after-
stroke patient. When compared with Brunnstrom, Rankin
and Motor Assessment Scales, we observe that FMA test is
distinguished by accuracy. It is often used in clinical trials
[25, 47-50]. In our study, the analysis of FMA test results
showed a higher growth in points in patients who underwent
the sensorimotor foot stimulation. The study conducted by
Sanford et al. [25] showed that the FMA test is a reliable
measurement tool used in after-stroke patients who undergo
rehabilitation.

At the same time a decrease in the number of points in the
assessment of muscle tone in the lower limb was
observed, which probably means that there was
a reduction of muscle tone in the active structures of the
lower limb joints. The next stage of study tested the
patient’s balance with the use of BBS which, as stated in
scientific literature, is the most common tool for
measuring changes taking place in the functions
responsible for keeping the balance [27, 51-54]. There
were no differences between groups in the first period of
tests. The analysis of the second period of study showed
an increase in the number of points in the treatment group
which underwent standard rehabilitation combined with
sensorimotor foot stimulation. Belgen et al. [55] observed
that a small number of points increases the risk of falls,
therefore it is important to use therapeutic methods which
in a maximum way increase the patient’s ability to keep
the balance. Introducing a targeted therapy in the form of
visual feedback [22, 23, 54] and combining standard
forms of rehabilitation, for example, with changeable,
thermal intervention, as shown by Chen et al. [53, 56],
improves patient’s functions and balance. It is important
to remember about new technologies thanks to which
patients can undergo rehabilitation process even for 24
hours a day improving their quality of life [57].

Conclusions

Sensorimotor foot stimulation in association with classic
improvement of therapeutic (physiotherapy, physical
therapy) improves the ability to maintain balance, improves
the functional lower extremity paretic, and reduces the load
asymmetry of the lower limbs.
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In addition, it was observed that combining new elements with
the basic procedure that improves gives better therapeutic
effects even in patients in the late period after a stroke.
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