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Summary
Introduction. Patients who have suffered from stroke become 
disabled and have specific problems due to the physical and 
mental disability that requires the implementation of rehabili-
tation and the creation of conditions for independent living, 
economic and social reintegration. The aim of this study was 
to evaluate the functional recovery of patients after ischemic 
stroke, during the subacute phase of medical rehabilitation. 
Material and Methods. The study was organized as a prospec-
tive study, which included 74 patients (44 men, 30 women) tre-
ated after stroke at the Department of Medical Rehabilitation, 
Clinical Center of Vojvodina during 2013. Motor recovery was 
assessed by Signe-Brunnstrom scale, and Barthel Index, River-
mead Mobility Index, and modified Rankin scale were applied 
to assess the function. Results. The average age of patients 
after stroke was 66.59 ± 9.607 years. The mean hospital stay 
was 34.35 days.  The majority of patients in this study had right-
hand hemiparesis 47 (63.5%), and 27 (36.5%) had left-hand 
hemiparesis. By analyzing the average value of motor recovery 
of the affected limb by S.Brunnstrom′s scale during rehabilita-
tion at the Department of Medical Rehabilitation, it was found 
that the value at the end of subacute rehabilitation phase was 
significantly increased (p<0.01). The results of this testing 
showed a statistically significant improvement (p<0.01) in the 
average values   of Barthel Index, Rivermead Mobility Index and 
modified Rankin scale during the rehabilitation treatment of 
stroke patients. Conclusion. The obtained results showed that 
the rehabilitation treatment resulted in better functional and 
motor recovery in the patients who had had ischemic stroke.
Key words: Stroke; Recovery of Function; Activities of Daily 
Living; Mobility Limitation; Disability Evaluation; Psychomo-
tor Performance; Rehabilitation

Sažetak
Uvod. Pacijenti nakon moždanog udara postaju invalidne osobe 
sa specifičnim problemima uslovljenim fizičkom i mentalnom 
onesposobljenošću, koji zahtevaju sprovođenje rehabilitacije i stva-
ranje uslova za nezavisan život, ekonomsku i socijalnu reintegra-
ciju. Cilj studije bio je ispitivanje funkcijskog oporavka pacijenata 
nakon ishemičnog moždanog udara u toku subakutne faze reha-
bilitacionog tretmana. Materijal i metode. Studija je koncipirana 
kao prospektivna studija, a obuhvatila je 74 pacijenta (44 muška-
raca, 30 žena) stacionarno lečenih na Klinici za medicinsku reha-
bilitaciju, Kliničkog centra Vojvodine tokom 2013 godine. Proce-
na motoričkog oporavka je vršena primenom Signe-Brunnstrom 
skale. Za procenu funkcijskih sposobnosti korišćen je Barthel In-
dex, Rivermead Mobility Index, Modifikovane Rankin skale. 
Rezultati. Prosečna starost ispitanika je iznosila 66.59±9.61 go-
dina, a prosečna dužina hospitalizacije je bila 34,35 dana. Najveći 
broj pacijenata /47(63.5%)/ u ovom istraživanju je imao desnostra-
nu hemiparezu. Analizirajući prosečne vrednosti motoričkog opo-
ravka zahvaćenih ekstremiteta po S.Brunnstrom-u na prijemu i 
otpustu sa Klinike za medicinsku rehabilitaciju, dobili smo stati-
stički značajno poboljšanje vrednosti na kraju subakutne faze re-
habilitacije (p<0.01). Rezultati ispitivanja funkcijskih sposobnosti 
su ukazali na visoko statistički značajno (p< 0,001) poboljšanje 
prosečnih vrednosti Barthel Index-a, Rivermead Mobility Index-a 
i Modifikovane Rankin skale na kraju rehabilitacionog tretmana 
bolesnika nakon moždanog udara. Zaključak. Dobijeni rezultati 
pokazuju da je u toku subakutne faze rehabilitacionog tretmana 
pacijenata nakon ishemičnog moždanog udara došlo do značajnog 
poboljšanja stepena motoričkog oporavka i funkcionalnosti. 
Ključne reči: Moždani udar; Funkcionalni oporavak; Svakod-
nevne aktivnosti; Ograničenja pokretljivosti; Procena invalidi-
teta; Psihomotorni učinak; Rehabilitacija
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Introduction

Stroke impairs the functional status of an orga-
nism significantly and often results in disability in 
patients. It is estimated that 25-30% of patients re-
main permanently handicapped and in need of assi-
stance and care [1,2]. The patient’s recovery after 
stroke is monitored in everyday practice by standard 
clinical examinations, which is justified because of 
the incidence of complications, deficits, and the im-
portance of their recovery [2,3]. Training of patients 
after stroke is a long and responsible process. In 
order to enable efficient motor re-education of a 
large number of patients with stroke, specific kine-
siotherapeutical programs are used, such as propri-
oceptive facilitation-Kabat, Bobat and Signe-
Brunnström. The choice of kinesitherapy method 
depends on the degree of functional disorders and 
the establishment of compensatory processes and 
motor control on account of the dynamic changes 
in the structure [4, 5]. The motor recovery of upper 
and lower extremities in patients after stroke is eva-
luated with Signe-Brunnström scale which includes 
six degrees. In the first degree, there are no move-
ments, nor can they be caused, while in the sixth 
degree, isolated functional movements are present 
and spasticity is minimal [6].  Functional outcome 
of medical rehabilitation after ischemic stroke is 
determined by the specific scale for stroke: Barthel 
index (BI), Rivermead Mobility Index-a (RMI), 
Modified Rankin Scale (MRS), Signe-Brunnström 
(SB) scale. BI follows the functional independence 
before and after treatment, and indicates the level 
of disability [6]. Patients who have the maximum 
number of points (100) on this scale are content, 
capable of dressing and feeding themselves, wal-
king for at least 100 m and climbing the stairs [7].  
However, the maximum number of points does not 
mean full independence in all activities of daily li-
ving, because this index is estimated by instrumen-
tal activities. To assess the mobility of patients after 
stroke and with a head injury, the most commonly 
used index is RMI, which assesses the ability of 
patients to perform 15 tasks ranging from changing 
the position in the bed to even running without be-
ing helped. The total score on the scale ranges from 
0-15, where 0 indicates the result of the complete 
inability to perform any function from activities 
included in the estimate [8, 9]. MRS is a simple and 
effective scale commonly used for evaluating pati-
ents after stroke. Rankin score 1 indicates the 
absence of significant disability, whereas score 5 
indicates the most severe level of disability [10]. 

The aim of the study was to investigate the functi-
onal recovery of patients after ischemic stroke during 
the rehabilitation treatment depending on the latera-
lity of the lesion, and the level  of motor recovery.

Material and Methods

The prospective study included 74 patients (44 
men, 30 women), their mean age being 66.59 ± 9.61 
years, after stroke tested during the subacute phase 
of rehabilitation at the Department of Rehabilitation, 
Clinical Center of Vojvodina in Novi Sad 2013. The 
study group consisted of patients after ischemic stro-
ke with lesions in the area of the middle cerebral 
artery.  The data were obtained from medical history, 
physical examination, as well as from the available 
medical records of the patient. The length of in hos-
pital treatment was recorded and the functional re-
covery during rehabilitation treatment was evaluated. 
We determined the motor recovery of the affected 
limb by SB scale, functional status of patients on the 
basis of scores of functionality in self-care activities: 
BI, RMI and MRS. All subjects were informed abo-
ut anonymity and purposes of this study.

The data were analyzed using the statistical sof-
tware package IBM SPSS Statistics 22.0 and utili-
ties Word and Excel Microsoft Office Pro Plus 2013. 
Descriptive statistics was used for data processing. 
The results are presented in standard statistical me-
asures of central tendency and range of results of 
mean values (X–   ), standard deviation (SD), interval 
values (maximum and minimum). The t-test for in-
dependent samples, Pearson’s correlation coefficient 
was also used.

Results

The study included 74 patients (44 men, 30 women) 
who were treated after first ischemic stroke at the De-
partment of Rehabilitation, Clinical Center of Vojvo-
dina in Novi Sad during 2013. The highest percentage 
of patients in this study was older than 65 years (52.7%). 
Right-sided hemiparesis was present in 47 (63.5%) pa-
tients. The average length of hospitalization of patients 
after stroke amounted to 34.35 days (Table 1).

The results of testing the degree of motor reco-
very indicate that the patients, who had completed 
the rehabilitation treatment, had significantly higher 
scores on the SB scale in all segments of the locus 
extremities (Table 2).

The functional status of patients after ischemic 
stroke was evaluated from three aspects: independen-
ce in self-care activities using BI, RMI and total disa-
bility by using the MRS.

The average value of BI was 62.93 and 77.93 on 
admission and discharge, respectively (Table 3). 
According to the results obtained by testing the pa-
tients’ mobility with RMI, the mean value at the 
beginning of rehabilitation treatment and on disc-
harge was 6.72 and 8.75, respectively. The average 
value of MRS was 3.73 and 3.48 on admission and 
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discharge, respectively. The mean values obtained 
at the end of subacute rehabilitation phase for all 
three scales (RMI, BI and MRS) were statistically 
significantly increased (p <0.01) (Table 3).

Each parameter was analyzed in relation to the 
outcome of rehabilitation which is defined in detail in 
this article, and represents the status after rehabilita-
tion based on three criteria: BI, RMI, and MRS. BI ≥ 
80 was reported in 56.8% of the patients, 13 16.2% of 
the patients had RMI ≥13 and 2.7% of patients had 
MRS ≤ 2, only one patient met all three criteria at the 
same time (Table 4).

The average values of RMI was estimated de-
pending on the laterality of the lesion, gender and 
age. The average score on RMI was 8.65 and 8.81 in 
the patients with left-sided and right-sided hemipa-
resis, respectively. No statistically significant diffe-

rences were found in the functional status of patients 
(RMI) in relation to lateralization (Graph 1).

The average values of RMI score were 9 and 
8.41 for the men and the women, respectively. No 
statistically significant differences were found in 
the values of RMI regarding  gender (Graph 2)

No statistically significant differences were found 
in the values of RMI score regarding age. The average 
value of RMI score was 8.93 and 8.62 for those under 
65 and over 65 years of age, respectively (Graph 3).

Discussion

The outcome of medical rehabilitation of pati-
ents after stroke is usually assessed on the basis of 
independence in performing activities of daily li-
ving (ADL), the degree of patient’s mobility, quali-
ty of life and level of social reintegration [11]. The 

Table 1. General characteristics of respondents    
Tabela 1. Opšte karakteristike ispitanika

Patients’ characteristics/Karakteristike pacijenata N=74
Age 
Starost

X–    X–     ± SD
Min-max

66.59 ± 9.607 
31-89

Gender 
Pol

Men/Muškarci
Women/Žene

40 (59%)
33 (41%)

Lateralization of lesion
Lateralizacija lezije

Left-sided hemiparesis/Levostrana hemipareza
Right-sided hemiparesis/Desnostrana hemipareza

27 (36.5%)
47 (63.5%)

Length of hospitalization
Dužina trajanja hospitalizacije

X–    X–   ±SD
Min-max

34.35 ± 14.5 
2-74

Table 2. Average values of motor recovery after Signe-Brunnström on admission and discharge.
Tabela 2. Prosečne vrednosti motoričkog oporavka po Sajn-Brunstremu (Signe-Brunnström) na prijemu i otpustu

Motor recovery/Motorički oporavak Term/Termin N/N X–    X–   ±SD
Proximal segment of the arm/Proksimalni segment ruke Admission/Prijem 74 4,45±1.20
p< 0,01 Discharge/Otpust 74 4,80±1,21
Hand/Ruka Admission/Prijem 74 4,25±1,27
p< 0,01 Discharge/Otpust 74 4,75±1,25
Leg/Noga Admission/Prijem 74 4,35±1,08
p< 0,01 Discharge/Otpust 74 4,80±1,07

Graph 1. Average values of Rivermead Mobility Index 
in relation to the lateralization 
Grafikon 1. Prosečne vrednosti indeksa Rivermead Mo-
bility u odnosu na lateralizaciju

Graph 2. Average values Rivermead Mobility Index in 
relation to gender
Grafikon 2. Prosečne vrednosti indeksa Rivermead Mo-
bility u odnosu na pol
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assessment of functional recovery of patients after 
medical rehabilitation can be defined as the abso-
lute level of function at the time of discharge or 
changes in the degree of functional ability between 
admission and discharge.

Our study sample consisted of 44 men (59.5%) 
and 30 women (41%), which is consistent with the 
literature [12, 13]. The average age of patients in 
this study was 66.59 ± 9.61 years, with a higher pre-
valence of patients over 65 years of age (52.7%).

A number of authors [12, 13] have found in their 
studies that elderly people are predominant among 
those having had suffered stroke. Nakao et al. repor-
ted that in Japan the average age of patients with 
stroke was 73 years [14]. Literature data suggest that 
the age over 65 years is a limiting factor in the reha-
bilitation of patients after stroke, and older patients 
recover more slowly and achieve lower degree of in-
dependence in ADL [15, 16].

There were more patients with right-sided hemi-
paresis in this study (47) than those with left-sided 
hemiparesis (27). In his study, Mandic, found a larger 
number of patients with left-sided hemiparesis [12].

The results of our study show a statistically signi-
ficant improvement in the value of motor recovery 
of affected extremities of patients after stroke at the 
end of subacute rehabilitation phase (p <0.01), which 
is in accordance with literature data [17]. The speed 
of motor recovery is used as an indicator of the out-
come of functional recovery in the patients after 
stroke. The prognosis of motor recovery is better if 
during the first three weeks an initial movement in 
a certain segment occurs, which is then followed by 
movements in other segments of affected extremiti-
es. The highest degree of motor recovery occurs in 
the first three months after stroke [18]. Hashimoto et 

al. found in their study that the degree of motor reco-
very after Signe Brunnström was positively correla-
ted with functional outcome of medical rehabilitati-
on estimated on the basis of BI [19].

The functional status of patients after ischemic 
stroke was evaluated from the following three aspects: 
independence in everyday activities, mobility of pa-
tients after stroke and total disability, which were 
assessed using the BI, RMI and MRS, respectively. 
The success of rehabilitation was assessed according 
to the criteria defined according to literature data (va-
lues BI≥ 80, RMI ≥ 13, mRS ≤ 2) [20,  21].

The results of our study showed that the average 
value of BI was 62.93 and 77.93 on admission and 
discharge, respectively. Rehabilitation was succe-
ssful in 42 patients (56.8%) after stroke, because 
their average values of BI was ≥ 80s.

According to the literature, the value of BI score 
of 61 and over indicates a good prognosis for functi-
onal recovery [14, 15, 22]. Nakao et al. reported that 

Table 4. Criteria for the success of rehabilitation (RMI, BI and MRS)        
Tabela 4. Kriterijumi za uspeh rehabilitacije (RMI, BI i Modifikovane Rankin skale)

Criteria/Kriterijumi N/Number of patients/N/Broj pacijenata % patients/% pacijenata
BI≥ 80 42 56.8
RMI≥13 12 16.2
MRS ≤2 2 2.7
All three criteria at the same time
Sva tri kriterijuma istovremeno 1 1.35

Table 3. Average values of RMI, BI and MRS on admission and discharge 
Tabela 3. Prosečne vrednosti RMI, BI i MRS na prijemu i otpustu

Values on admission/Vrednosti na prijemu Rehabilitation outcome/Ishod rehabilitacije N X–   SD
RMI 
p<0,01

Admission/Prijem 74 6.72 4.26
Discharge/Otpust 74 8.75 377

BI 
p<0,01

Admission/Prijem 74 62.93 32.69
Discharge/Otpust 74 77.93 25.49

MRS 
p<0,01

Admission/Prijem 74 3.73 1.17
Discharge/Otpust 74 3.48 1.18

Graph 3. Average values of Rivermead Mobility Index 
in relation to age
Grafikon 3. Prosečne vrednosti indeksa Rivermead Mo-
bility u odnosu na starosno doba
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the average value of BI in their stroke patients was 
42.5 ± 37.4 and 57.9 ± 38.8 on admission and disc-
harge, respectively, and 67.3 ± 37.2 six months after 
stroke. The patients with BI score ≥ 60 after the re-
habilitation had better functional recovery than the 
patients with BI ≤ 60 (14). Similar results were obta-
ined by Bassi et al. in their study on a sample of 126 
patients with ischemic stroke, i.e. the average value 
of BI was 48.0 ± 19.9 and 74.0 ± 19.6 on admission 
and discharge, respectively [23].

Literature data indicate that the values of BI 
have predictive significance for the rehabilitation 
treatment of patients after stroke, higher than the 
level of damage, which is estimated by imaging 
methods [24].

To assess the ability of independent movement 
of patients after stroke, RMI is most commonly 
used because of its good reliability and sensitivity 
[25]. RMI values ≥ 4 in the acute phase of rehabi-
litation are favorable prognostic factor for the out-
come of medical rehabilitation [25].

The results of our study showed that the average 
value of RMI was 6.72 and 8.75 on admission and 
discharge, respectively. The improvement of avera-
ge values for RMI at the end of the subacute phase 
of rehabilitation treatment was highly statistically 
significant (p <0.001). Twelve patients (16.2%) had 
the average values of RMI ≥ 13.

No statistically significant differences were found 
in the functional status of patients (RMI) regarding 
lateralization, gender and age.

Roorda et al. used RMI in order to assess the 
mobility of patients in their study. Before rehabili-
tation, 1.4% of patients could move independently 
after stroke, and after rehabilitation 80.5% of the 
patients were able to walk independently. The study 
has shown that patients have significant functional 
recovery in mobility after rehabilitation [26]. Simi-
lar results have been obtained by other authors who 
evaluated mobility of their patients using RMI [18, 

19]. Literature data indicate worse functional reco-
very in females due to a larger number of associated 
diseases, poor premorbid functional status, as well 
as the constitutional characteristics [27, 28].

The results of our study show that two patients 
(2.7%) had the minimal disability after subacute 
phase of rehabilitation (MRS ≤ 2). The average va-
lue of MRS was 3.73 and 3.48 on admission and 
discharge, respectively.  Highly statistically signi-
ficant (p <0.001) improvement in average values for 
MRS which was reported after rehabilitation trea-
tment of patients after stroke is in accordance with 
literature data [29].  

The MRS is used for rapid assessment of disa-
bility in patients after stroke [30]. Literature data 
suggest that the patients with values MRS ≤ 3 du-
ring the first week after stroke achieved good fun-
ctional recovery after conducting the program of 
medical rehabilitation [31].

Conclusion

The degree of motor recovery of affected extre-
mities evaluated by Signe-Brunnström scale and the 
ability to perform self-care activities according to 
Barthel Index was significantly higher at the end of 
the subacute phase of rehabilitation treatment. Fun-
ctional status and mobility were significantly im-
proved in all patients after ischemic stroke accor-
ding to Rivermead Mobility Index, and disability 
of patients was significantly reduced during the re-
habilitation treatment according to the modified 
Rankin scale. No statistically significant differences 
were found in functional status of patients after 
stroke (Rivermead Mobility Index) in relation to 
gender, age structure and lateralization of the lesion 
in. The data obtained in this way are of great im-
portance for the evaluation of functional status of 
these patients.
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