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INTRODUCTION 

 Stroke means that blood supply to the brain nerve cells is stopped due 

to cerebrovascular ischemia and hemorrhage. This causes neural cells in 

certain brain areas to be necrotic [1]. This results in impaired cognitive 

function, and problems with attention, memory, and executive function 

[2]. Among them, attention problem of stroke patients is one of the most 

frequently reported symptoms [3], and the decrease of attention eventu-

ally leads to the limitation in daily life [4]. In particular, the dysfunction 

on balance and gait appear to be the main problems of stroke patients [5]. 

Sustained decrease in attention not only results in motor performance 

[6], but also causes various damages in daily life [7]. Therefore, attention 

is an important factor for the recovery of impaired motor function in 

stroke patients [8]. 

Electroencephalography (EEG) is mainly used to measure neurophysi-

ological changes in the brain [9], and is divided into delta, theta, alpha, 

beta, and gamma waves. Among them, the beta waves corresponds to 12 

to 35 Hz, and is subdivided into sensorimotor rhythm (SMR) wave (12 

to 15 Hz), mid beta wave (15 to 18 Hz), and high beta wave (20 to 35 Hz). 

SMR waves are observed while solving simple problems or focusing to 

external stimuli. And it plays a role in improving cognitive ability and 

awareness of the body [10]. In stroke patients, alpha and beta waves de-

crease due to reduced attention ability, and delta and theta waves in-

crease. Therefore, restoration of the SMR waves in stroke patients means 

improvement of attention.

Interventions such as neurofeedback training and action observation 

training have been reported to improve the concentration of brain in-

jured patients [11-14]. These interventions have been reported to improve 

motor function through improved concentration, but the application of 

these interventions in clinical practice is not easy [6]. Furthermore, in 
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PURPOSE: The purpose of this study was to investigate the changes of electroencephalography (EEG) activity on balance and gait 
while physiotherapy in stroke patients. 

METHODS: General physiotherapy was applied to 18 stroke patients for 30 minutes per session, 5 times a week, for a total 4 weeks. 
EEG measured for one week while intervention. Based on the attention score, group was classified into high and low attention groups. 
We used functional reaching test to measure dynamic balance and GAITRite to measure spatiotemporal variables during gait. 

RESULTS: In the high attention group, the sensorimotor rhythm wave was high and the dynamic balance was significantly increased 
(p<.05). There were significant differences in stance time, single support time, and double support time among temporal variables 
(p<.05). There were significant differences in step length, stride length, swing % of cycle, stance % of cycle, single support % of cycle, 
and double support % of cycle among the spatial gait variables (p<.05).

CONCLUSIONS: The high attention during physiotherapy helps improvement of balance and gait ability in stroke patients, therefore, it 
may be considered in intervention. 
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previous studies, concentration was measured during stability, not dur-

ing exercise. In clinical practice, most therapists tend to emphasize im-

provement of only motor function without considering attention al-

though there are various interventions that can improve attention with 

motor function [15]. Therefore, we investigated effects of motor function 

on attention during intervention in stroke patients.

METHODS 

1. Participants 

This study was conducted in stroke patients who were hospitalized at H 

hospital. The inclusion criteria were 1) those who are diagnosed with a 

stroke, 2) those who have passed 6 months or more from the onset period, 

3) those who have a score of 24 or higher on the Mini Mental State Exami-

nation- Korea, 4) those who can walk more than 4 m independently or as-

sistive devices. The exclusion criteria are 1) those with unilateral neglect, 2) 

those with visual perception problems, 3) those with communication and 

motor learning limitations, 4) those with musculoskeletal and cardiovascu-

lar diseases. All participants were informed and agreed to the experiment. 

After pre-test, general physiotherapy (trunk strengthening and gait training) 

were applied twice a day, five times a week, for a total four weeks. EEG was 

collected for one week. All test measured before and after intervention (Fig. 

1). The present study was approved by Kyungnam University Ethics Com-

mittee (number: 1040460-A-2019-003).

2. Mini-mental state examination-Korea (MMSE-K)

This is a tool for evaluating the cognitive status of the patient in areas 

such as orientation, memory registration, attention and calculation, 

memory recall, language and judgment ability. The highest score is 30, 

the lowest score is 0, and more than 24 is normal. The test-retest and in-

ter-rater reliability were of 0.91 and 0.99 respectively [16].

3. Electroencephalography

The Neuro Sky® MindWave Mobile headset (NeuroSky Inc., CA, 
USA) was used to measure attention of stroke patients. The device con-

sists of a single dry electrode (12 mm ×16 mm) placed on Fp1 according 

to the international 10-20 system. Participants put on an EEG headset 

with the active electrode placed on the left forehead and the reference 

electrode clipped to their left earlobe. Noise frequencies due to eye blink 

and muscle activity were automatically eliminated using proprietary al-

gorithms. The sampling rate was 512 Hz, and the raw EEG signal was 

transmitted via Bluetooth to the NeuroView software installed on the 

computer. We collected primitive EEG from 0 to 50 Hz and attention 

and meditation index. Among the collected data, if attention index is 

higher than 50, it is classified into a high attention group, and if it is low-

er than 50, it is classified into a low attention group. After obtaining the 

EEG power for each frequency band, a relative power analysis was per-

formed on the frequency calculated by the band power.

Relative band power (RBP) = specific frequency area/overall frequency 

area (5-50 Hz).

4. Gait

GAITRite (GAITRite, CIR system Inc., USA) was used to measure the 

spatial and temporal variables on gait. It is an electronic walking board 5 

m long, 61 cm wide and 0.6 cm high, and transmits walking data to a 

computer. The participants were placed in front of the walkway and then 

walked at a comfortable walking speed by the examiner’s verbal signal to 

exit the walkway. Information about temporal and spatial variables is 

collected by the pressure applied to the sensor as the participant walks 

the walkway, and the average value is used by measuring three times.

5. Functional reaching test (FRT)

FRT was used to evaluate the dynamic balance. Participants place 

their feet shoulder-width apart in a standing position by the wall, and 

bend the shoulder joint 90 degrees with the non-affected side arm fully 

extended forward. Then, the movement distance of the tip of the third 

finger was measured by bending the trunk forward without moving the 

foot, and the average value is used by measuring three times [17].Fig. 1. Flow chart.
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6. Statistical analysis

SPSS version 18.0 was used for statistical analysis. The Komogrov-

Smirnov test was conducted for the normality test. The independent t-

test was performed to determine the differences between groups of vari-

ables, and the paired t-test was performed to determine the differences 

within the group. The significance level was 0.05.

RESULTS 

1. General characteristics

The general characteristics of the participants are shown in Table 1, 

and there is no statistically significant difference between the groups 

(p>.05).

2. EEG activity 

Alpha, SMR, and mid beta waves showed significant difference be-

tween the groups (p< .05)(Table 2).

3. Dynamic balance

The high attention group showed a significant difference (p< .05), but 

the low attention group showed no significant difference (p>.05). There 

was a significant difference in the amount of change (post-pre) between 

the groups (p< .05)(Table 3).

4. Temporal variables on gait

In the high attention group, stance time, single support of time, and 

double support of time were significant difference within the group 

(p< .05), but the low attention group was not significant difference 

Table 1. General characteristics of participants                                            (n=18)

HAG (n=8) LAG (n=10) p

Gender (M/F) 4/4 4/6
Age (yr) 70.75±14.39 63.40±16.67 .339
weight (kg) 59.50±1.19 66.20±12.34 .059
height (cm) 158.25±4.43 165.10±8.64 .148
paretic side (Rt/Lt) 4/4 4/6

HAG, high attention group; LAG, low attention group.

Table 2. Comparison of EEG activity

WAVE HAG LAG p

ALPHA 0.07±0.02 0.12±0.02 .000*
SMR 0.44±0.09 0.15±0.03 .000*
MID BETA 0.05±0.02 0.08±0.01 .002*

*p<.05.
EEG, electroencephalography; SMR, sensorimotor rhythm; HAG, high at-
tention group; LAG, low attention group.

Table 3. Comparison of FRT

HAG LAG p

pre 17.95±3.89 16.63±6.75 .596
post 23.44±8.17 17.29±0.38 .086
post-pre 5.49±6.29 0.65±2.49 .043*
p .022* .403

*p<.05. 
FRT, functional reaching test; HAG, high attention group; LAG, low atten-
tion group.

Table 4. Comparison of temporal variables of the non-affected side leg

variables HAG LAG p

swing time (sec) pre 0.40±0.06 0.49±0.15 .106
post 0.40±0.05 0.44±0.13 .444
post-pre 0.00±0.01 -0.05±0.18 .370
p .555 .38

stance time (sec) pre 1.17±0.32 1.91±0.79 .014*
post 1.05±0.20 1.93±0.09 .009*
post-pre -0.12±0.12 0.02±0.53 .425
p .010* .885

single support of pre 0.49±0.07 0.55±0.17 .273
time (sec) post 0.51±0.08 0.55±0.20 .537

post-pre 0.03±0.02 0.00±0.15 .583
p .008* .984

double support of pre 0.59±0.13 1.15±0.81 .004*
time (sec) post 0.47±0.05 1.39±0.75 .002*

post-pre -0.13±0.08 -0.12±0.51 .952
p .001* .473

*p<.05. 
HAG, high attention group; LAG, low attention group.
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(p>.05). Stance time and double support of time were significant differ-

ence between the groups (p< .05)(Table 4).

5. Spatial variables on gait

In the high attention group, step length, stride length, swing% of cycle, 

stance% of cycle, single support% of cycle, and double% of cycle were sig-

nificant difference within the group (p< .05), but low attention group 

was not significant difference (p>.05). Swing% of cycle, stance% of cycle, 

single support% of cycle, and double% of cycle were significantly differ-

ent between groups after intervention (p< .05), and the stride length, 

swing% of cycle, and single support% of cycle were significantly different 

the amount of change (post-pre) between the groups (p< .05)(Table 5).

DISCUSSION 

EEG shows a specific pattern according to the state of consciousness, 

mental activity, and brain disease, so it is used as a main means of evalu-

ating cerebral function [18,19]. Among the EEG, beta waves increase in 

arousal state and cognitive activity for active problem solving. Of beta 

waves, SMR waves increase in performance tasks that require attention. 

Stroke patients abnormally decrease alpha and SMR waves compared to 

normal people and increase theta waves [20,21]. A decrease of theta 

waves means a recovery of EEG pattern likely normal EEG in stroke pa-

tients [20]. The SMR wave activity while physical therapy means high 

concentration. While performing tasks that require attention, alpha 

waves are suppressed and beta waves increase [22]. Keller (2001) reported 

improved concentration when beta-wave activation training was applied 

to patients with traumatic brain injury with reduced concentration. This 

is because the activity of beta waves corresponds to the improved con-

tinuous attention task data [12]. In addition, Rozelle & Budzynski (1995) 

reported that concentration improved after beta-wave activation training 

[23]. Activation of beta waves means an improvement in concentration, 

it eventually affected motor function and activity of daily life [24] (Kado 

et al., 2002). In the present study, we also found that SMR waves were 

significantly higher in the high attention group than in the low attention 

group. Furthermore, it can be assumed that high concentration will af-

fect motor function improvement.

Balance control is the basis for independent locomotion and func-

Table 5. Comparison of spatial variables of the non-affected side leg

variables HAG LAG p

step length (cm) pre 27.24±4.98 27.84±8.84 .853
post 31.73±1.72 29.85±9.80 .544
post-pre  4.49±4.67 2.01±6.19 .317
p .014* .307

stride length (cm) pre 60.87±4.84 61.00±17.84 .982
post 69.85±5.57 61.63±19.85 .213
post-pre  8.98±5.39 0.63±8.99 .020*
p .001* .821

swing % of cycle pre 26.20±4.29 22.88±8.27 .260
post 29.55±3.15 22.10±7.80 .011*
post-pre  3.35±3.62 -0.78±3.76 .019*
p .017* .506

stance % of cycle pre 73.78±4.26 77.11±8.29 .268
post 72.05±3.60 77.90±7.79 .041*
post-pre -1.73±0.98 0.79±3.77 .055
p .000* .502

single support % of cycle pre 32.46±6.82 24.99±9.52 .055
post 37.42±6.59 24.25±6.34 .000*
post-pre  4.96±2.59 -0.74±6.35 .016*
p .000* .709

double support % of cycle pre 38.20±4.51 58.06±15.76 .002*
post 33.13±4.84 54.25±13.55 .000*
post-pre -5.07±2.41 -3.81±10.48 .714
p .000* .256

*p<.05. 
HAG, high attention group; LAG, low attention group.
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tional movement [25]. Decreased balance is associated with impaired 

cognitive function [26], as well as neuromuscular and musculoskeletal 

factors [27-29]. Therefore, attention is essential for maintaining balance 

[30-32]. Silsupadol et al. (2009) reported that tasks (single-task training; 

dual-task training with fixed-priority instruction; dual-task training 

with variable-priority instruction) requiring attention improve balance 

ability in the elderly people with poor balance [33]. Verheyden et al. 

(2006) mentioned that intervention enhancing trunk control with atten-

tion improves balance and gait in stroke patients [5]. Our results also 

showed that the high attention group had improvement of the dynamic 

balance ability and gait.

Gait is one of the most important functions in determining the level 

of independence and quality of life [34]. Damaged brain results in ab-

normal gait patterns. In stroke patients, of gait parameters, double limb 

support increases, velocity and swing phase on the non-affected side de-

creases [35]. Plummer-D’Amato et al. (2007) reported positive effects on 

velocity, stride length and cadence applying gait training with three cog-

nitive tasks in stroke patients [36]. Lee et al. (2015) showed that gait abili-

ty (velocity, cadence, stance phase) was improved in the group treated 

neurofeedback training with visual stimulation in stroke patients [11]. 

They mentioned that attention from the intervention was a secondary 

factor mediating the change of gait. Also, in our results, gait ability was 

enhanced in high attention group, despite providing the same interven-

tions to the participants. 

This study was to investigate the effect of concentration on gait and 

balance during physical therapy. We found that balance and gait were 

improved in the high concentration group. Through our results, we 

could know whether or not to concentrate during intervention, and the 

higher the concentration, the better the motor function. Therefore, it is 

necessary to consider the concentration factor in intervention, and in the 

future studies, studies on intervention applicable in clinical practice 

should be conducted to increase concentration. The limitations of this 

study were a small number of participants and a limitation in generaliz-

ing the results. In future studies, studies should be conducted to com-

pensate for these limitations.
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