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Abst rac t

Background and purpose: One of the most important goals
of rehabilitation of post-stroke hemiplegic patients is the reco-
very of their locomotion function. The aim of the study was
to assess walking function recovery by means of in-patient
rehabilitation procedures, as well as the effectiveness of 
treadmill gait training with the use of biological feedback.
Material and methods: The research involved groups of chro-
nic post-stroke hemiplegic patients receiving treatment in the
rehabilitation ward. Factors under scrutiny included walking
speed and capacity, number of steps, weight bearing symme-
try for lower extremities while standing, lower limb mobility
on the Brunnström scale, and muscle tone on the Ashworth
Scale. The study group patients followed a rehabilitation regi-
me that included treadmill training aided with biofeedback
function. Each study group participant exercised every day
(a total of 15 times), with a single practice time ranging from
5 to 20 minutes. Control patients followed a rehabilitation
regime without the additional treadmill exercises.
Results: Patients in both groups demonstrated improvement
in locomotion abilities. In the group following the physio-
therapy regime supplemented with treadmill training with the
use of biofeedback, the measures of walking speed, weight
bearing symmetry for lower extremities, and number of steps
were better than in controls.
Conclusions: Treadmill gait training with the use of biofeed-
back is effective for relearning locomotion functions in post-
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St reszczenie

Wstêp i cel pracy: W rehabilitacji chorych z niedow³adem
po³owiczym po udarze mózgu jedn¹ z najwa¿niejszych
potrzeb jest odzyskanie funkcji chodu. Celem pracy by³a oce-
na efektów nauki chodu w warunkach rehabilitacji szpitalnej
oraz okreœlenie przydatnoœci stosowania treningu chodu na
bie¿ni ruchomej z wykorzystaniem biologicznego sprzê¿enia
zwrotnego.
Materia³ i metody: Badanie przeprowadzono w grupach cho-
rych z niedow³adem po³owiczym po udarze mózgu w okre-
sie przewlek³ym, leczonych na oddziale rehabilitacji. Oce-
niano prêdkoœæ i dystans chodu, liczbê kroków, symetriê
obci¹¿enia koñczyn dolnych podczas stania, sprawnoœæ
ruchow¹ koñczyny dolnej w skali Brunnström i napiêcie
miêœniowe w skali Ashworth. Chorzy z grupy badanej reali-
zowali program rehabilitacji z treningiem na bie¿ni ruchomej
wyposa¿onej w funkcjê biologicznego sprzê¿enia zwrotnego
(BSZ). Ka¿dy z badanych æwiczy³ codziennie (³¹cznie 
15 razy), czas pojedynczego æwiczenia wynosi³ od 5 do 20
minut. W grupie kontrolnej chorzy realizowali podobny pro-
gram rehabilitacji, ale bez dodatkowych æwiczeñ na bie¿ni.
Wyniki: U chorych z obu grup uzyskano poprawê badanych
parametrów chodu. W grupie chorych realizuj¹cych program
fizjoterapii uzupe³niony o treningi na bie¿ni ruchomej z wyko-
rzystaniem BSZ, poprawa prêdkoœci i dystansu chodu oraz
symetrii obci¹¿enia koñczyn dolnych by³a istotnie wiêksza 
w porównaniu z grup¹ kontroln¹.
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Introduction

Stroke as a complication of cardiovascular diseases
poses a great health problem in modern societies. It is
the third most common cause of death and the most
common cause of disability in the elderly population 
[1-3]. Limb paresis with increased or decreased musc-
le tone, and loss of body balance are major obstacles in
relearning independent standing and walking. Loss of
walking skills and major impairment of gait seriously
limit the ability to perform activities of daily living and
prevent patients from returning to a normal social life.
Gait in hemiplegic patients is often non-efficient, asym-
metric and non-aesthetic; it is slow and requires great
expenditure of energy [4,5]. The goals of rehabilitation
in patients after stroke include the restoration of lost
function, to the best possible extent, according to the
real abilities and skills of the individual, or compensa-
tion of function that is definitely lost. It is assumed that
the greatest improvement in functional recovery may be
expected within the first three months after stroke onset.
It is greatly related to the restoration of gait function. 

The improvement of gait is also possible in chronic
post-stroke patients. The central nervous system has
some capacity for learning and adaptation due to the 
brain plasticity mechanisms. Brain plasticity in chronic
post-stroke patients can be increased with exercises, 
including motor ones, and the effect of motor training
depends on its intensity and systematic application [6-8].

Integrated sensorimotor stimulation should be pro-
vided directly by the therapist, and the use of speciali-
zed equipment might be considered as a helpful addi-
tion only [9]. The variety of methods involved in
relearning and improving the gait in hemiplegic patients
after stroke include biofeedback methods with the use
of dynamometric platforms, rotors for passive and acti-
ve exercises within lower limbs, signalling crutches and
the treadmill. A crucial element of relearning of the
patient’s locomotor function using a treadmill with 
biofeedback option is the real-time feedback. In the case
of gait relearning, the feedback includes information 
on the appropriate pattern of gait and its parameters, 

including stride length and velocity, as well as the sym-
metry of the particular phases of gait.

The velocity of gait forced with the velocity of the
treadmill and adjusted to the patient’s abilities, as well
as additional acoustic and visual stimuli, affects not only
the improving gait pattern, but also better balance, coor-
dination, muscle strength and endurance [10-12].

The aim of the study was to assess the walking func-
tion recovery in patients with chronic post-stroke hemi-
plegia involved in in-patient rehabilitation procedures
using a treadmill with biofeedback. We evaluated the
effects of gait relearning in patients of a rehabilitation
ward, as well as the effectiveness of treadmill gait 
training with the use of biological feedback.

Material and methods

The study involved patients with post-stroke hemi-
paresis who were treated in the Clinical Department of
Rehabilitation with the Subdivision of Early Neurolo -
gical Rehabilitation (Voivodship Hospital No. 2 in 
Rzeszów). The study included all consecutive patients who
were admitted to that ward before and after implemen -
tation of a treadmill with biofeedback function. Inclu-
sion criteria consisted of history of stroke, time since the
onset of stroke > 6 months, ability to walk independen-
tly, lower limb motricity between 3 and 5 on the Brunn-
ström scale, disability score between 1 and 3 on the Ran-
kin scale, spasticity of paretic lower limb not greater than
1+ on the modified Ashworth scale, and altered weight-
bearing symmetry in lower limbs while standing (sym-
metry index > 1.15). Exclusion criteria consisted of
disturbed higher mental functions that limited compre-
hension and ability to fulfil the tasks during the training
sessions, visual field defects, concomitant orthopaedic
disorders (coxarthritis, gonarthritis), flexion contracture
at the ankle, periodic cardiac or pulmonary insufficien-
cy preventing participation in additional exercise with the
treadmill, or lack of consent to additional exercise.

Thirty patients were qualified for the study. The stu-
dy group comprised 15 patients (12 men and 3 women)

stroke hemiplegic patients and can constitute a significant
type of exercise in a physiotherapy regime.

Key words: stroke, physiotherapy, gait, biofeedback, tread-
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Wnioski: Trening chodu na bie¿ni ruchomej z wykorzysta-
niem BSZ daje lepsze efekty poprawy funkcji chodu u cho-
rych z niedow³adem po³owiczym po udarze mózgu w okre-
sie przewlek³ym ni¿ program fizjoterapii bez wykorzystania
bie¿ni z informacj¹ zwrotn¹. 

S³owa kluczowe: udar mózgu, fizjoterapia, chód, biologicz-
ne sprzê¿enie zwrotne, bie¿nia.
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admitted consecutively, who satisfied the inclusion cri-
teria and completed the rehabilitation programme with
the addition of the treadmill exercises. The control 
group consisted of 15 patients (12 men and 3 women)
admitted consecutively to the ward. Mean age of patients
was 62 years (range: 50-71) in the study group and 
59.5 years (range: 54-70) in the control group. Mean
time since the onset of stroke was 3 years (range: 1-13) in
the study group and 4 years (range: 1-13) in controls.
The two groups were similar regarding the type of 
stroke and the side of the paresis (Table 1).

Patients were evaluated twice. The first assessment
was performed during the second day of the hospital
stay, and the second assessment was performed on
discharge. The assessment included velocity and distan-
ce of walking, number of steps in the walkway test and
time required to complete the ‘get up and go’ test. Velo-
city of gait was assessed with an attempt to perform 
a 10-m march. Patients walked at self-adopted velocity
and were allowed to use orthopaedic aids (sticks, crut-
ches, AFO or DAFO braces). Walking distance was
assessed with the 2-minute walking test. Patients wal-
ked with a self-adopted velocity between two points 
30 m apart. The walking lasted 2 minutes and the
distance was measured in metres. The ‘get up and go’
test measured the time required to get up independen-
tly from a chair, walk 3 m, come back and sit down inde-
pendently on the chair.

The motricity of the paretic lower limb was assessed
according to the Brunnström scale, the muscle tone in
the lower limb was assessed with the modified Ashworth
scale, and the weight-bearing symmetry of the lower
limbs was evaluated with a dynamometric platform and
measured with the symmetry index [13-15].

The dynamometric platform applied for the asses-
sment of the weight-bearing symmetry of the lower
limbs is a self-made construction equipped with two
complex tensometric sensors that enable the recording
of the load independently for each limb. Mean values
of the load were used to calculate the symmetry index.
The normal values of the symmetry index were assumed
to be 1.0-1.15 [16,17].

All patients participated in a rehabilitation pro-
gramme focused on the regaining of lost motor skills,
including functional gait. Patients received individual
and group exercises, training with rehabilitation devi-
ces, occupational therapy, physiotherapy, and psycho-
therapy. The goal of the individual exercises, including
passive, assisted, guided, active and neurodevelopmen-
tal exercises (NDT, Bobath, PNF), was to regain the

ability to load the paretic limb, to recover the appropriate
pattern of swing movement of the paretic limb, and to
relearn the appropriate postural reactions of the trunk.
The mean total time spent on exercise in both groups
was about 2 hours daily per patient. Patients enrolled in
the study group had additional training with the tread-
mill with biofeedback function (Gait Trainer 2, Biodex). 

The biofeedback function implemented in the 
treadmill uses real-time visualization of the location of
both feet and the suggested area where the foot stepping
forward should be placed. During the exercise, the
patient receives additional visual data that illustrate the
task (restoration of symmetry and increase of stride
length) and acoustic information after successful 
completion of the task.

Treadmill training was provided during the 3-week
rehabilitation course, five days a week, once daily 
(15 sessions in total). Duration of the training session
was related to the clinical status of the patient and varied
from 5 to 20 minutes. The tread speed was between 0.34
and 1.0 m/s. The training load, duration of the exerci-
se and the tread speed were increased according to the
patient’s subjective assessment of the effort and to the
results of the task, i.e. performing strides of the set
length. Stride length was 50-75 cm (Fig. 1).  

The protocol of the pilot study reported in this paper
was not presented to the bioethical committee (there was
no interference with the usual rehabilitation program-
me). The planned major study with the use of rando-
mization was approved by the bioethical committee.

Statistical analysis was performed with Statistica 
v. 9. Non-parametric tests, including Mann-Whitney
U-test for small groups and Wilcoxon test, were used to
assess the significance of differences between the two

Study group Control group

Sex
men, n (%) 12 (80%) 12 (80%)
women 3 (20%) 3 (20%)

Age, mean (range) [years] 62 (50–71) 59.2 (54–70)

Type of stroke
haemorrhagic 5 (33%) 6 (40%)
ischaemic 10 (67%) 9 (60%)

Paretic side
left 10 (67%) 9 (60%)
right 5 (33%) 6 (40%)

Table 1. Baseline characteristics of both studied groups
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studied groups. A p-value < 0.05 was considered signi-
ficant.

Results

Table 2 provides data on the assessed measures of
motricity. Differences between groups were evaluated
with Mann-Whitney U-test. The two studied groups
did not differ in terms of the assessed measures of motri-
city at the beginning of the rehabilitation course.

Physiotherapy improved gait in both studied gro-
ups. All evaluated features of gait function improved in
the study group, and the differences between baseline
values and those assessed at the end of treatment were
significant. An improvement of gait function was noted
in all patients in the study group; in three of them, howe-
ver, the walking speed did not improve. Patients who
served as controls also improved, but to a lesser extent.
Significant differences between baseline and final asses-
sment were noted for the ‘get up and go’ test, as well as
for the number of steps in the walkway test. More con-
trols than patients from the study group did not expe-
rience an improvement (Table 3). 
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Fig. 1. Training of walking skills on the treadmill

Variables Study group Control group p-value

Median (range) Mean ± SD Median (range) Mean ± SD

Gait velocity [m/s] 0.5 (0.2-0.9) 0.5 ± 0.2 0.5 (0.1-0.9) 0.5 ± 0.2 0.77

Number of steps 24.0 (18-38) 25.5 ± 5.2 25.0 (14-40) 25.7 ± 6.8 0.93

Two-minute walking distance [m] 60.0 (41-93) 62.8 ± 15.8 55.0 (20-105) 60.3 ± 26.4 0.62

Get up and go test [s] 18.0 (11-31) 19.4 ± 6.7 18.0 (11-31) 19.3 ± 6.9 0.93

Symmetry index 1.6 (1.0-3.6) 1.8 ± 0.8 1.6 (1.1-3.8) 1.8 ± 0.7 0.84

Table 2. Comparison of baseline gait motricity between study group and controls 

Measures of gait performance Study group Control group
(change during Mean change n p-value* Mean change n p-value*
the rehabilitation) for the whole group for the whole group

Gait velocity [m/s] 0.1 12 0.0047 0.0 10 0.16

Number of steps –3.8 14 0.0010 –2.5 11 0.0229

Two-minute walking distance [m] 13.3 15 0.0007 4.7 9 0.0505

Get up and go test [s] –2.8 14 0.0022 –3.3 15 0.0007

Symmetry index –0.5 14 0.0010 –0.2 12 0.0258

Table 3. Descriptive statistics and comparison of differences between first and second assessment in study group and controls

N – number of persons who improved after the rehabilitation
*Wilcoxon test for the difference between first and second assessmen
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The major goal of the study was to establish whether
any difference exists in terms of relearning walking abi-
lity between the studied groups. Table 4 shows the
descriptive statistics of the assessed measures of the
dexterity (i.e. their values at the beginning and at the
end of the study) and the comparison of those results
between groups with the Mann-Whitney U-test. Al-
 though the studied groups were small, significant dif-
ferences between groups were found in three measures
of dexterity (increased velocity of walking, longer distan-
ce in the march test and better weight-bearing symme-
try of the lower limbs in the standing position, as reflec-
ted by normalization of the symmetry index).

Discussion

Patients after stroke require individual, continuous
and complex rehabilitation, aimed at the restoration of
lost function to the best possible extent, or the compen-
sation of definitely lost function, and then adaptation to
functioning in the patient’s own environment. Regaining
of locomotor independence, including safe and effecti-
ve gait, is one of the most important needs of the hemi-
paretic patient. The gait of the hemiparetic patient after
stroke is characterized by marked asymmetry of the pha-
ses of gait, stride length and weight-bearing load of the
lower limbs (greater in the non-paretic limb). Taken
together, all these abnormalities lead to significant slo-
wing of walking and markedly decreased activities of
daily living.

Treadmill training improves the parameters of gait
and provides good results in both the acute and the chro-
nic phase of stroke. According to Visintin et al. [18],
treadmill training is a specific task that enables training
of the whole cycle of gait with multiple repetitions in -
stead of single movements. Wernig, Nanassy and Mul-

ler suggest that treadmill exercises stimulate the repe-
atability and rhythmicity of gait, and these, in turn,
improve strength, coordination and endurance. Hesse
believes that treadmill training in hemiparetic patients
provides the opportunity to train the appropriate pattern
of gait due to the reproduction of the movements in con-
ditions similar to normal ones [19,20]. Similar results
of treadmill training, suggesting improved kinematic
parameters of gait, were obtained by Harris-Love [21].

Rehabilitation of patients after stroke uses methods
based on broad, multidirectional stimulation of the
nervous system, which enables relearning of the motor
skills due to the brain’s plasticity. Those methods often
include internal biofeedback, aimed at compensation 
of the lost or altered afferent impulsation required for
the appropriate gait analysis and planning [22-24]. Bio-
feedback provides a continuous flow of information 
through vision, hearing and proprioception to the 
central nervous system; it is essential for the appropriate
control of voluntary motor acts.

Additional external information provided to the
patient during the training session enables better cen-
tral programming and planning of movement in pat-
terns similar to the normal ones.

Kinalski states that post-stroke patients who have lost
their motor function can activate movement through tra-
ining with biofeedback. This is due to the fact that the
motion of the impaired limb can be visualized with 
a visual signal displayed on the monitor; thus the kina-
esthetic signal can be replaced with a visual one.

Visualization also increases the patient’s motivation
for further training because it provides an assessment of
the results and makes them more objective [25,26].
Magill believes that biofeedback related to information
on the wrong and appropriate efforts is very useful in
training of particular skills. The information provided

Measures of gait performance Study group Control group
p-value

(change during Median (range) Mean ± SD Median (range) Mean ± SD
the rehabilitation)

Gait velocity [m/s] 0.1 (–0.1-0.2) 0.1 ± 0.1 0.0 (–0.1-0.1) 0.0 ± 0.1 0.033

Number of steps –3.0 (–15.0-0.0) –3.8 ± 3.4 –3.0 (–10.0-8.0) –2.5 ± 4.1 0.44

Two-minute walking distance [m] 10.0 (1.0-30.0) 13.3 ± 10.3 5.0 (–10.0-20.0) 4.7 ± 7.9 0.019

Get up and go test [s] –2.0 (–10.0-2.0) –2.8 ± 2.8 –3.0 (–10.0- –1.0) –3.3 ± 2.3 0.39

Symmetry index –0.3 (–1.5-0.0) -0.5 ± 0.5 –0.1 (–0.7-0.3) –0.2 ± 0.3 0.033

Table 4. Measures of gait performance and their changes during the rehabilitation – comparison between study group and controls
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enables patients to improve their performance [27]. It
should be noted that Teasell and Woodford analysed
published reports on the efficacy of several methods used
to facilitate relearning of walking, including EMG bio-
feedback, treadmill, partial body weight support and
functional electrostimulation, and did not find une-
quivocal evidence for the superiority of those methods
over conventional ones [29,30].

The results of our study suggest that the in-patient
rehabilitation even in the chronic phase after stroke
improved the gait. Patients with additional training on
the treadmill with the use of biofeedback had a greater
increase in gait velocity, better improvement in weight-
bearing symmetry of lower limbs and significantly 
longer walking distance in the march test when compa-
red with controls. It may be stated, therefore, that the
enrichment of the rehabilitation programme with the
treadmill training with biofeedback provided better
improvement of gait in hemiparetic post-stroke patients
than the routine rehabilitation schedule without tread-
mill training. Similar effects were reported by Sullivan,
Knowlton and Dobkin. Post-stroke patients who trained
with the tread mill with the gait speed faster than the
patient walking on the ground obtained a greater incre-
ase of gait speed (by 28.6%) than patients who walked
on the ground [31].

Our results cannot unequivocally determine whether
the biofeedback function used during the treadmill 
training had a significant effect on the results. It might
be suspected that the visual and acoustic information 
on accuracy of the task set to the patient brought the 
positive effect. Visualization of the real position of the
patient’s feet and the information of the desirable 
position are clear and understandable. They motivate
the patient to perform conscious correction of the 
abnormal symmetry of the stride length. 

Our results suggest that gait training with a treadmill
coupled with biofeedback is useful in relearning locomo-
tor function in hemiparetic patients, even in the chronic
phase of stroke. It seems to be an efficient means of expan-
ding and enriching methods used in gait training and
rehabilitation programmes for patients after stroke.

Conclusion

Gait training with a treadmill coupled with biofeed-
back function significantly improves velocity of gait, wal-
king distance and weight-bearing symmetry of lower
limbs in hemiparetic patients after stroke.
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