
314 Cesk Slov Ne urol N 2018; 81/ 114(3): 314– 319

PŮVODNÍ PRÁCE ORIGINAL PAPER

doi: 10.14735/amcsnn2018314

Eff  ect of a combined approach to cognitive 
rehabilitation in post-stroke patients

Efekt kombinované kognitivní rehabilitace 

u pa cientů po cévní mozkové příhodě

Abstract
Aim: This study aims to investigate the eff  ects of a combined ther apy compris  ing a combination 

of computer-based cognitive rehabilitation with traditional rehabilitation techniques on 

cognitive functions in post-stroke patients suff  er  ing from a mild-to-moderate degree of cognitive 

impairment and to compare the results with a group of patients not receiv  ing such ther apy. 

Methods: 33 post-stroke patients fulfi l l  ing exclusion/ inclusion criteria were al located accord  ing to 

travel distance from the treatment centre to either the treatment (N = 19) or control group (N = 14). 

Cognitive rehabilitation was performed in 60-min-long ses sions held twice a week for 12 weeks. 

Mini-Mental State Examination (MMSE) and Addenbrook Cognitive Examination –  Revised (ACE-R) 

tests were performed at the begin n  ing of the treatment, retests were performed approximately 

16 weeks later and the results, includ  ing ACE-R subscores as secondary endpoints, were analysed. 
Results: In the treatment group, statistical ly signifi cant improvement (p < 0.05) was detected in 

MMSE, ACE-R, and in ACE-R subtests Memory, Verbal fl uency and Language, while only the 

Memory subtest recorded statistical ly signifi cant improvement in the control group. However, due 

to the small number of patients, we only present the results as trends indicat  ing that a study on 

a larger cohort is needed. Hence, a sample size for a future study required for proper as ses sment 

of the eff  ects of combined approach cognitive rehabilitation was calculated, the result  ing group 

size is 334 patients. Conclusions: A combination of computer-based rehabilitation and traditional 

rehabilitation techniques in patients suff  er  ing from mild-to-moderate cognitive impairment as 

a result of stroke led to a statistical ly signifi cant improvement in MMSE and ACE-R tests and in ACE-R 

Memory, Verbal fl uency and Language subtests. However, due to a small number of patients, we 

only present these results as trends.

Souhrn
Cíl: Tato studie si dává za cíl posoudit efekty kombinované kognitivní rehabilitace u pa cientů 

s ischemickou cévní mozkovou příhodou s lehkým až středním stupněm kognitivního postižení 

v porovnání s pa cienty bez této léčby. Užitá terapie kombinuje počítačovou kognitivní rehabilitaci 

s tradičními technikami rehabilitace kognitivních funkcí. Metody: 33 pa cientů po cévní mozkové 

příhodě splňující kritéria zahrnutí bylo zařazeno a rozděleno podle kritéria dojezdové vzdálenosti 

do skupiny s terapií (n = 19) a do skupiny kontrolní (n = 14). Kognitivní rehabilitace byla prováděna 

v 60min sezeních 2× týdně po dobu 12 týdnů. Pacienti byly vyšetřeni pomocí testů Mini-Mental 

State Examination (MMSE) a Addenbrook Cognitive Examination – Revised (ACE-R) na začátku 

terapie, retesty byly provedeny přibližně o 16 týdnů později a výsledky, vč. subskórů ACE-R jako 

sekundárních výsledků, byly analyzovány. Výsledky: Ve skupině léčených bylo zaznamenáno 

statisticky významné zlepšení (p < 0,05) v testech MMSE, ACE-R a v ACE-R subtestu Paměť, Verbální 

fl uence, Jazyk, přičemž v kontrolní skupině bylo zachyceno statisticky významné zlepšení pouze 

v subtestu Paměť. Vzhledem k malému množství pacientů ve studii zjištěné výsledky prezentujeme 

jen jako trendy, které ukazují, že je nutná studie na větším množství pacientů. Byla proto vypočtena 

velikost vzorku pa cientů pro budoucí studii potřebná pro dostatečnou analýzu výsledků efektu 

kombinované kognitivní rehabilitace a výsledný potřebný počet je 334 pa cientů. Závěr: Kombinovaná 

počítačová kognitivní rehabilitace a tradiční kognitivní rehabilitace u pa cientů s cévní mozkovou 

příhodou s lehkým až středně těžkým kognitivním defi citem vedla ke statisticky signifi kantnímu 

zlepšení v testech MMSE a ACE-R a subtestech ACE-R Paměť, Verbální fl uence a Jazyk. Vzhledem 

k malému množství zařazených pa cientů jsou prezentovány tyto výsledky jako trendy.
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Introduction
Cognitive impairments (such as memory im-

pairment, visuospatial impairment, neglect, 

reduced proces s  ing speed, impaired attent -

ion, impairment of verbal fl uency or execu-

tive dysfunction) are relatively frequent 

consequences of stroke, often caus  ing de-

mentia [1]. Development of these dys functions 

greatly aff  ects the quality of a patient’s life and 

self-suffi   ciency, mak  ing return  ing to everyday 

life diffi   cult [2]. As a consequence, a therapeutic 

approach involv  ing cognitive rehabilitation 

is vital for succes sful rehabilitation training, 

and us  ing an integrated approach is there-

fore es sential [3]. Although guidelines for 

neurorehabilitation are predominantly fo cus ed

on compensational strategy training, restitution 

train  ing focused on restor  ing brain functions 

based on the premise of residual plasticity of 

the adult brain should also be pursued [4]. 

Interventional methods for cognitive 

rehabilitation are general ly divided into two

categories –  computer-based cog nitive

rehabilitation (CBCR) and non-computerized, 

therapist-as sisted cognitive rehabilitation 

techniques (such as conventional inter-

ventions for attention or memory training, 

social com munication skil ls, or executive 

functions) [4]. CBCR systems are still 

develop  ing and although their ef fect on 

the improvement of cognitive functions 

after stroke has been proved in some 

studies [4], other studies did not show the 

same conclusions [5]. Some studies us -

ing a combined approach to cognitive 

rehabilitation, i.e., us  ing CBCR as a part 

of a battery of methods, have been 

published [6], more studies and analyses 

of both CBCR and CBCR in combination 

with other methods are still needed [4]. In 

our study, we evaluated ef fectiveness of 

a combined approach to rehabilitation of 

cognitive functions, integrat  ing CBCR with 

other methods for improv  ing memory, 

attention and fi ne motor activity. Accord -

ing to the literature, it is obvious that the 

eff  ectiveness of cognitive rehabilitation is 

signifi cantly better in patients with a milder 

degree of cognitive impairments [1], which 

led us to focus on patients with a chronic 

mild degree of cognitive impairment result -

ing from stroke. 

So far, there are no clear recom mendations 

in place for cognitive rehabilitation fol low  ing 

stroke. Accord  ing to the American Heart As-

sociation/ American Stroke As sociation, it is 

recom mended to perform a screen  ing of 

cognitive functions in each stroke patient 

prior to discharge, and where screen  ing 

reveals cognitive defi cits a more detailed 

neuropsychological evaluation to identify 

areas of cognitive strength and weaknes-

ses may be benefi cial. However, the recom-

mendations for cognitive rehabilitation are 

quite vague and range within B– C level 

of evidence with no unified method of 

treatment [7].

Accord  ing to the European Stroke Orga  -

nisation Guidelines for the Mana gement of 

Ischaemic Stroke and Transient Ischaemic 

Attack 2008, cognitive deficits are com-

mon fol low  ing stroke as well as an impact 

on the quality of life. At present, there is 

no suf ficient evidence for the ef ficacy of 

either specific memory rehabilitation or 

cognitive train  ing for attention defi cit result -

ing in meaningful clinical improvement in 

activities of daily liv  ing (ADL). Train  ing for 

spatial neglect has been shown to reduce 

impairment, however, again, no eff  ect on 

ADL performance has been demonstrated. 

A few studies have as ses sed rehabilitation 

train  ing strategies in visual inattention and 

apraxia, however, no specific conclusions 

could be drawn [8].

The aim of our study was to evaluate 

the ef fect of cognitive rehabilitation on 

cognitive functions in post-stroke patients, 

measured us  ing Addenbrook Cognitive 

Examination – Revised (ACE-R) a Mini-

-Mental State Examination (MMSE).

Subjects and methods
Ethics

The study complies with the ethical 

standards of the Declaration of Helsinki (1975, 

revised 1983). The study was approved by 

the Ethics Com mittee of University Hospital 

Ostrava (No. 439/ 2012), comprehensive 

information was provided to all participants 

and written informed consent was obtained 

from each subject prior to inclusion in the 

study. Patients were ful ly anonymized.

Patients

The study focused on patients with mild- 

-to-moderate cognitive impairment result -

ing from stroke. Patients were recruited for 

the study during a period of 36 months 

(2012– 2015) based on the inclusion and 

exclusion criteria set out below. 

Inclusion criteria: ACE-R ≤ 79/ 100, 

MMSE ≥ 18/ 30, age ≥ 40 years, 4– 7 months 

after stroke. The cut-off score for MMSE 

was set accord  ing to the national version 

of MMSE, where the score of 18 is the 

cut-off score for mild dementia [9]. The 

upper ACE-R cut-off  score was set accord -

ing to the ACE-R Czech language version 

national normative study for patients 

without impairment [10]. These scores were 

set to avoid inclusion of patients who did 

not suff  er from consequences of stroke at 

the mental level (ACE-R upper cut-off  ) and, 

on the other hand, to exclude patients who 

would be unable to train eff  ectively due to 

their impairment (e. g., due to their inability 

to properly understand the instructions). 

Exclusion criteria: recur rent stroke (includ -

ing stroke in personal history and old 

ischemic lesions on the brain CT), severe 

complications (infections, metabolic and 

other disorders potential ly af fect  ing cog-

nitive impairment), aphasia (all patients 

underwent speech examination prior to 

inclusion in the study), read  ing or writ  ing 

disorders, visual impairments potential ly 

interfer  ing with reading, writ  ing or PC work, 

depres sion (Beck Depres sion Inventory –  II; 

BDI-II ≥ 14 at either entry or fi nal exam ination 

in accordance with the BDI-II cut-off  score 

for depres sion, and absence of a partner 

or carer able and wil l  ing to supervise the 

home training [11]. Patients with dia gnosed 

Alzheimer’s dis ease or with other dementia 

such as dif  fuse Lewy bodies dis ease, 

Parkinson’s dis ease, frototemporal dementia 

or other neurodegenerative dis eases with 

dementia were also excluded. 

Patients in the control group were asked 

prior to the tests whether or not they 

participated in any cognitive train  ing and if so, 

whether they were excluded from the study.

The patients were al located to the 

treatment and control group in a way 

that ensured the minimization of external 

factors such as diff  erent motivation for ther-

apy. In our experience, the most signifi cant 

obstacle for participat  ing in cognitive 

ther apy in our patients are com mut  ing 

problems, i.e., lack of availability of means of 

regular transportation to and from the place 

of ther apy. For this reason, we performed 

the al location accord  ing to the distance to 

the place of residence from our hospital. 

Patients liv  ing within 30 km from the hospital 

were al located to the treatment group while 

patients liv  ing a greater distance to the 

control group.

Cognitive rehabilitation

Cognitive rehabilitation was performed 

us  ing a combination of CBCR and non-

computerized methods. The ses sions were 
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held twice a week for 12 weeks, each ses-

sion was 60 min long. Each ses sion included 

a 40-min CBCR us  ing com mercial ly available 

software focused on attention, memory, 

visuospatial skil ls, and executive functions 

(sudoku, number search, world search, as-

sembl  ing words, reaction time training, 

word puzzles, jigsaws, pairs, Tower of 

London, Tower of Hanoi, tic-tac-toe, etc.). 

The remain  ing 20 min of each ses sion were 

dedicated to conventional therapist-as-

sisted group ther apy, which was focused 

on memory and attention train  ing us  ing 

mnemonic strategies such as memoriz  ing 

a grow  ing list (e. g. shopp  ing list) or train -

ing of visuospatial and fi ne motor skil ls (as-

sembl  ing blocks accord  ing to a model, 

tangrams). The group ther apy was also used 

to practice interpersonal com munication 

and to support motivation by interaction 

and feedback within the group. Dur  ing 

the ses sions, patients were also instructed 

on complet  ing worksheets handed out 

for home training, recom mended for 

30– 60 min a day. These tasks included word 

search puzzles, copy  ing simple shapes and 

pictures, labyrinth solving, etc. Worksheets 

for this part of the ther apy can be viewed 

us  ing the link in the reference [12]. The 

instructions were also relayed to a family 

member or carer who supervised the 

home training. Patients in the control group 

received no cognitive rehabilitation. 

Cognitive tests

Wel l-established tests validated for the 

Czech language, namely MMSE [13] and 

ACE-R [14] were used for evaluation of 

cognitive skil ls. Both MMSE and ACE-R 

tests were performed at the begin n  ing 

of the ther apy, the retest was performed 

approx. 16 weeks later. The same inclusion 

and exclusion criteria were applied for the 

control group, MMSE and ACE-R retests were 

performed after the same period. Results of 

MMSE and ACE-R were analysed and ACE-R 

subscores (Attention and Concentration, 

Memory, Verbal f luency, Language, 

Visuospatial abilities) were subsequently 

evaluated as secondary endpoints.

Statistical analysis

Statistical package IBM SPSS Statistics 

version 22 (IBM Corp., Chicago, IL, USA) was 

used for data analysis. The results of the tests 

and retests were checked for normality us -

ing the Shapiro-Wilk test. As the distribution 

was non-normal, non-parametric tests 

were used for further evaluation. Namely, 

Wilcoxon paired test was used to evaluate 

progress in both the control and treatment 

groups. The tested hypothesis for each of 

the scores was that there is no diff  erence 

between results of individual patients in the 

initial and fi nal test. The value of p < 0.05 was 

considered statistical ly signifi cant.

The timeline of the study is shown in Fig. 1.

Results
Patients

Altogether, 154 post-stroke patients were 

examined for inclusion in the study. After 

application of the exclusion and inclusion 

criteria, only 33 patients were found eligible 

for inclusion in the study. Over all 19 of those, 

accord  ing to the travel distance, formed 

the treatment group and the remain  ing 

14 formed the control group. 

National Institutes of Health Stroke Scale 

(NIHSS) scores on the day of stroke for the 

treatment group were 5– 19 (median 9) and 

for the control group 7– 21 (median 11); on 

the day of enrolment, it was 3– 11 (median 7) 

for the treatment group and 4– 10 (median 

7) for the control group. On the day of the 

fi nal test, NIHSS scores were 1– 10 (median 5) 

in the treatment group and 1– 10 (median 6) 

in the control group.

Results of the treatment

Statistical tests revealed no signifi cant dif-

ference in demographic parameters (age, 

gender representation, risk factors, stroke 

side) between the treatment and control 

groups (Tab. 1). The comparison of MMSE, 

ACE-R and ACE-R subscores results at the 

begin n  ing and at the end of the study 

period in the treatment and control groups 

are sum marized in Tab. 2. On the level of 

signifi cance of p < 0.05 evaluated us  ing Man n-

-Whitney U test, the initial test results did not 

Fig. 1. Study setup – timeline of the study.
Obr. 1. Nastavení studie – časová osa.

treatment group

stroke

control group

stroke

4–7 months

ACE-R – Addenbrook Cognitive Examination – Revised; BDI-II – Beck Depression Inventory – II; CBCR - computer-based cognitive rehabilitation; 

MMSE – Mini-Mental State Examination

4–7 months

week 1

MMSE, ACE-R, BDI-II

inclusion / 

exclusion criteria

week 1

MMSE, ACE-R, BDI-II

inclusion / 

exclusion criteria

week 2–13 (totally 12 weeks)

twice a week

60-min cognitive rehabilitation

(included 40-min CBCR + 

20-min conventional therapy )

every day

home training (worksheets, daily 30–60 min)

week 16

MMSE, ACE-R, BDI-II

week 16

MMSE, ACE-R, BDI-II
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diff  er between the control and treatment 

groups for either ACE-R (p = 0.48) or MMSE 

(p = 0.96).

Statistical ly signifi cant improvement was 

revealed in MMSE, ACE-R and in ACE-R sub -

tests of Memory, Verbal f luency and 

Language in the treatment group while in 

the control group, only the Memory subtest 

showed signifi cant (p < 0.05) improvement.

Discus sion
Patients 

An MMSE score of 18 was set as the lowest 

score for inclusion as MMSE denotes the 

18– 25 range as mild cognitive impair-

ment [9,13]. However, ACE-R was shown to 

be more sensitive in detecting mild cognitive 

impairments than MMSE [9,13– 15]. Therefore, 

to be able to capture the patients with a mild 

degree of cognitive impairment sensitively, 

an ACE-R score of 79 was used as the upper 

Tab. 1. Demographic and descriptive parameters of the treatment and control groups.

 Treatment group Control group p

Number of patients 19 14

Gender
males 14 (74%) 8 (57%) 0.29

females   5 (26%) 6 (43%)

Age
mean ± SD 64,9 ± 11,0 68,9 ± 10,2 0.55

median (min.–max.) 69 (47–81) 72 (45–81)

Risk factors

hyperlipidemia 10 (52.6%) 12 (85.7%) 0.07

coronary artery disease 8 (42.1%) 10 (71.4%) 0.06

atrial fi brillation 2 (10.5%) 2 (14.3%) 1.00

arterial hypertension 17 (89.5%) 11 (78.6%) 0.63

diabetes 5 (26.3%) 4 (28.6%) 1.00

Stroke side
right 7 (36.8%) 6 (42.9%) 1.00

left 12 (63.2%) 8 (57.1%)

SD – standard deviation

Tab. 2. Results of MMSE, ACE–R and ACE–R subscores at the beginning and at the end of the study period in the treatment and 
control groups.

 
 Treatment group Control group
 median min. max. p  median min. max. p

MMSE 30

initial test 25 20 30

0.012*

 24 19 29

0.115retest 27 20 30  25 20 30

progress 2 –4 9  1 –5 8

ACE-R 100

initial test 69 46 79

0.003*

 71 44 79

0.052retest 77 49 100  71 54 90

progress 9 –11 50  8 –18 20

Attention and 

Concentration

initial test 15 11 18

0.147

 15 12 18

0.962retest 17 11 18  15 11 18

progress 1 –5 5  0 –4 6

Memory

initial test 11 6 22

0.001*

 12 5 18

0.042*retest 14 4 26  18 7 23

progress 3 –2 15  –3 –13 6

Verbal fl uency

initial test 3 0 12

0.009*

 6 0 9

0.079retest 5 1 14  7 1 10

progress 1 14 –2  2 –7 5

Language

initial test 24 11 26

0.022*

 25 14 26

0.629retest 25 18 26  25 14 26

progress 1 –2 15  0 –2 8

Visuospatial 

abilities

initial test 13 9 16

0.127

 14 0 23

0.653retest 14 9 16  14 0 16

progress 0 –2 6  1 –10 5

ACE–R – Addenbrook Cognitive Examination – Revised; MMSE  – Mini–Mental State Examination; p – statistical signifi cance according to Wilcoxon 

paired test

* statistically signifi cant at the level p < 0.05
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limit (ACE-R score 79 is the cut-off  value for 

the Czech population set by a normative 

study in the Czech population) [10]. As the 

acute stage fol low  ing a stroke episode 

can be as sociated with a spontaneous 

improvement of cognitive impairment, 

only patients 4– 7 months after the stroke 

episode were included [16]. The age criterion 

(age ≥ 40) was introduced to adjust for 

the fact that younger people do not lack 

motivation in participat  ing in cognitive 

rehabilitation and, consequently, none or 

only few of those could have been recruited 

for the control group, which would in turn 

lead to biased age distribution between the 

groups.

Results of the treatment 

Despite the fact that the treatment group 

showed a significant improvement when 

compared to the entry test in MMSE, 

ACE-R and its Memory, Verbal fl uency and 

Language subtests while in the control 

group, only Memory subtest revealed 

a significant improvement, we can only 

judge these results as trends. Verbal fl uency 

and ACE-R results in the control group 

could also be considered as borderline and 

although the p values are notably lower 

in the treatment group than in the control 

group, draw  ing any fi rm conclusion based 

on a strict cut-off  value of 0.05 would be 

misleading. The small numbers of patients, 

usual ly less than 20 in individual groups, is 

a com mon problem observed in cognitive 

rehabilitation studies [1,17] with our study 

be  ing no exception. We are well aware 

of the limitation of the study due to the 

small number of subjects. The principal 

problem lies in the selection of patients 

in a way ensur  ing that both the control 

and treatment group are comparable and 

the study can be considered unbiased. To 

properly explain the reasons for such a small 

number of subjects in the groups, we have 

described the selection and reason  ing 

above; from the description, it is obvious 

that the disproportion between the number 

of post-stroke patients examined for 

suitability for cognitive rehabilitation (154) 

and those eligible for inclusion in the study 

(33) is striking. Unfortunately, such a strict set 

of exclusion and inclusion criteria is neces-

sary for creat  ing a relatively uniform study 

group, which is in turn es sential for obtain -

ing valid results.

Van de Ven et al [1] stated in their review 

that a median of total ther apy duration 

throughout the refer red studies was 15.6 h. 

In our study, with 40-min CBCR along with 

20 min of group ther apy twice a week for 

12 weeks, the net time amounts to 24 h, not 

includ  ing patients’ homework. Despite this 

more intense ther apy, our results cannot 

be interpreted as hav  ing a major ef fect 

when compared to the control group and 

we can only consider the results as trends. 

Some studies report a signifi cant impact of 

rehabilitation in stroke patients [2,18] while 

others are more reserved [5]. Accord  ing to 

the meta-analysis of cognitive rehabilitation 

(CR) in post-stroke patients performed by 

van de Ven et al [1], the principal problems 

include methodological diff  erences (such 

as various ther apy durations and methods 

used, diff  erent times elapsed from the stroke 

incident, etc.) and small numbers of subjects 

in the study groups.

Required group size

As the problem with the small number 

of patients in CR studies seems to persist 

throughout most if not all published papers, 

the question of the group size required 

for obtain  ing valid and meaningful results 

was raised. Based on our fi ndings, the size 

of the group neces sary for obtain  ing valid 

and reliable outcomes was estimated us -

ing the method described by Bland [19]. The 

tests power was set to 0.9. The group size 

estimates for all parameters ranged from 

154 (Verbal fl uency) to 290 (ACE-R) with the 

only exception be  ing the Memory subtest 

(1,064). The result for the Memory subtest 

(a high number ly  ing outside the range of 

all other results) probably indicates that 

there is indeed no significant dif ference 

between the treatment and control group 

in this parameter. Results of the Memory 

subtest indicated a signifi cant improvement 

in both groups, which in turn signifies 

a spontaneous improvement rather than 

a major eff  ect of CR [16,20]. As the sample 

size estimation was performed with the as-

sumption of normal distribution and as it is 

likely that a non-normal distribution might 

be acquired dur  ing the future study of CR, 

the estimates were further increased by 

15% as recom mended by Lehman n [21]. The 

recom mended group size increased by 15% 

for the ACE-R results (which required the 

greatest study population from the numbers 

within the range) which would then amount 

to 335 patients in each control and treatment 

group. Such a high number, along with the 

fact that only approximately a fi fth of the 

patients considered for participation in the 

study pas sed the inclusion and exclusion 

criteria, underlines the need for under -

ta k  ing similar research studies as multicentre 

studies. Besides the actual recruitment of 

a suf ficient number of patients, such an 

approach would also be benefi cial in that us -

ing the same methods at several centres at 

the same time would help to better validate 

these methods. 

Apart from increas  ing the group sizes, an 

alternative approach could lie in select  ing 

a diff  erent test battery that would cover the 

domains of attention, psychomotor speed, 

memory, executive functions, visuospatial 

abilities, speech and symbolic functions in 

a better way than ACE-R does.

Despite our data hav  ing only limited value 

with respect to ther apy ef fectivenes s, we 

strived to describe in as much detail as pos-

sible the methodological approach, as well as 

problems and limitations encountered dur -

ing the study because both meta-analyses 

and individual studies mention the problem 

of insuffi   cient ther apy description [1,22]. By 

detailed description of the process of recruit -

ing patients for the study, we have shown 

how an apparently large group of patients can 

shrink when apply  ing inclusion and exclusion 

criteria ensur  ing conformity of the treatment 

and control groups. We also suggested 

sizes of groups neces sary for perform  ing 

a valid study and proved that unless a more 

sensitive test battery for evaluation of CBCR 

ef fect is applied, similar studies can not 

practical ly be accomplished at a single facility 

but have to be performed as a multicentre 

studies.

Study limitations

The study limitations are: 1. small number 

of patients, which was due to a neces-

sity of application of strict inclusion and 

exclusion criteria to acquire a uniform study 

population; 2. use of simple ACE-R and 

MMSE tests instead of more complex tools 

for testing, which was due to the fact that 

patients after stroke often do not tolerate 

higher load wel l, which could further reduce 

the number of patients in the study; 3. the 

way of al location of the patients in the 

treatment and control groups due to the 

travel l  ing distance, which could be pos sibly 

burdened with an uneven distribution of 

patients between the groups (however, no 

such statistical ly signifi cant diff  erence in any 

of the recorded parameters was detected). 

This was done due to the fact that patients 
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lived a greater distance away are typical ly 

reluctant to regularly com mute for train  ing 

and if us  ing random al location, this would 

probably signifi cantly reduce the number of 

patients in the study.
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