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Abstract: - This study was conducted to investigate the effect of affected side one leg standing training with 
PNF sprinter and skater patterns, which have a pattern like that of actual gait, on the balance function and gait 
function of chronic hemiplegic patients due to stroke. 23 inpatients diagnosed with stroke due to hemiplegia at 
a rehabilitation hospital located in South Korea. The patients were randomly divided into a experimental group 
and a control group. The experimental group performed PNF Sprinter and Skater Pattern training, and the 
control group performed balance pad training. Each group was trained for 30 minutes three times a week for six 
weeks. Static balance was measured using Biorescue, while dynamic balance was measured using the TUG. 
Gait function was measured using 10MWT, 6MWT. Both groups exhibited statistically significant 
improvements in static and dynamic balance function after the training (p<.05). The experimental group 
exhibited statistically significant increases in gait function after training (p<.05). A significant difference was 
observed between the two groups (p<.05). One leg standing training on the affected side using the PNF sprinter 
and skater patterns resulted in significant improvement in both balance and functional performance of gait in 
hemiplegic patients due to chronic stroke. 
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1 Introduction 
 Stroke is defined as a neurological defect caused by 
damage to blood vessel in the brain [1]. Stroke is 
one of the main causes of death, and in recent years, 
the age range of onset is gradually decreasing. 
Therefore, there is increasing interest in effective 
therapeutic interventions for stroke patients in 
clinical practice. Stroke generally suffers from 
spatiotemporal damage and various damage to 
cognition and motor function, such as aphasia, 
unilateral neglect, balance and gait disorders [2]. In 
particular, hemiplegia patients due to stroke cannot 
take a symmetric position and take an asymmetric 
position because their ability to support weight on 
the lower extremity of the affected side is poor. In 
addition, abnormal equilibrium reactions result in 
abnormal body sway, decreased weight support in 
the affected side, and increased risk of falling [3,4]. 

In addition, due to the deterioration of the balance 
ability, a problem occurs in the gait ability and 
asymmetric position is induced during gait [5]. Due 
to the loss of these abilities, 20 to 30% of stroke 
patients lose their gait ability after acute, and most 
of the remaining patents also have gait disorder [6]. 
As such, the decrease in the balance and gait ability 
of hemiplegia patients has a negative effect on the 
daily activity of life [5]. 
Task-oriented training, visual feedback training, 
Bobath approach, and PNF are widely used as 
rehabilitation therapeutic approaches to improve 
balance and gait ability through enhancement of low 
extremity muscle strength of stroke patients [7]. 
However, in the case of gait, it is not achieved only 
by movement of lower extremity. Since the 
coordinative movement of the limb and the stability 
of the trunk are necessary, an intervention method 
that can practice the stability of the trunk and the 
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connected movement of the limbs is necessary 
accordingly. 
According to a recent study, sprinter and skater 
patterns were formulated as a coordination system 
between limbs without focusing only on low 
extremity movement by integrating each segmental 
pattern suggested by PNF. Therapy using this 
pattern is being performed to improve the balance 
and gait ability of hemiplegia patients [8]. Gait is 
not a movement that occurs only in a local area, but 
a movement that occurs mutually by combining 
several joints and muscles [9]. In other words, since 
gait is a movement that occurs in a standing position 
against gravity, it has been reported that gait 
training using PNF is better to train in a situation 
similar to the actual situation [10]. According to 
previous studies, it was reported that the 
intervention applying the sprinter and skater patterns 
is effective in strengthening low extremity muscle 
strength and enhancing static and dynamic balance 
[11]. In addition, it has been reported that it is 
effective in increasing gait speed and enhancing gait 
ability [12]. As such, sprinter and skater patterns are 
effective in improving the balance and gait ability of 
hemiplegia patients. However, most previous 
studies applied treatment by separating sprinter and 
skater patterns, and studies that applied sprinter and 
skater patterns at the same time are insufficient. In 
addition, studies on gait endurance after application 
of treatment were insufficient.  

Therefore, this study was conducted to 
investigate the effect of affected side one leg 
standing training with PNF sprinter and skater 
patterns, which have a pattern like that of actual 
gait, on the balance function and gait function of 
chronic hemiplegic patients due to stroke. 
 

 

2 Methods 
2.1 Subjects 
This study was conducted 30 patients who were 
hospitalized after being diagnosed with hemiplegia 
due to stroke at a rehabilitation hospital in D city in 
2020. The contents of the experiment were 
explained to all subjects participating in the 
experiment, voluntary consent was sought, and it 
was conducted after obtaining approval (1040621-
201911-HR-030-02) by the Bioethics Committee. 
The intervention period was conducted for 6 weeks. 
15 subjects in the experimental group using the PNF 
sprinter and skater pattern and 15 subjects in the 
control group using the balance pad were randomly 
assigned, and the study was conducted for a total of 
6 weeks, 3 times a week for 30 minutes for each 

group. The criteria for selecting subjects for the 
study were those who were diagnosed as having a 
stroke and were more than 10 months after the 
onset, those who could understand the research 
content and communicate with them, and those who 
could stand one leg on the affected side to perform 
the task.  
 
2.2 Study protocol 
In both the experimental group and the control group, 
general rehabilitation treatment was performed 5 
times a week for 6 weeks, 30 minutes each time. The 
general rehabilitation treatment was conservative 
exercise treatment, and functional exercise and 
muscle strength exercise were performed. In addition, 
additional training was performed three times a week 
for 30 minutes each time according to the target 
group. The experimental group applied PNF sprinter 
and skater patterns. The intervention of the one-
legged standing training using the PNF sprinter and 
skater pattern was performed by a physical therapist 
for 30 minutes, 3 times a week, for 6 weeks. PNF 
sprinter and skater patterns were individually 
practiced in the first 10 minutes of the 30 minutes of 
intervention, and the PNF sprinter and skater patterns 
cooperative pattern exercise was followed in the 
latter 20 minutes. During the 6-week period, the 
difficulty was increased by increasing the number of 
times or by increasing the speed of posture 
conversion (fig 1). The control group performed 
squat training 10 times, 1 set total 5 times, and 
functional reach test 20 times, 1 set total 5 times. It 
was carried out with the non-affected side and the 
affected side, respectively (fig  2). 
 

Fig. 1: Sprinter pattern & Skater pattern 
 
 
 

WSEAS TRANSACTIONS on SYSTEMS and CONTROL 
DOI: 10.37394/23203.2021.16.50 Ikhwan Eun, Seungmin Nam

E-ISSN: 2224-2856 535 Volume 16, 2021



 
Fig. 2: Balance pad training 
 
2.3 Measurement Tools and Measurement 

Methods 
2.3.1 Biorescue 
The Biorescue biofeedback analysis system 
(Biorescue, France) is a device that measures the 
balance ability of various subjects such as patients, 
the general public, and athletes. It is a tool that can 
measure length (mm) and average speed (cm/s). In 
order to evaluate the static balance ability, the limit 
of stability at the standing posture was measured. Of 
the eight directions indicated by the monitor, the 
total distance and area of the center of gravity was 
measured for the weight movements before, after, 
left, and right. The device explained the 
measurement method through a monitor and first 
demonstrated it. The subject held a leg forward at 
30° in the standing position, centered in a forward-
looking position, and then used an ankle joint 
strategy to achieve maximum range without losing 
balance. The limit of their ability to move from their 
center of gravity was measured. 
 
2.3.2 Time Up & Go Test (TUG)  
Time Up & Go Test (TUG) was conducted to 
evaluate the dynamic balance ability of stroke 
patients. This test is to measure the average time by 
sitting down on a 46 cm highchair with armrests on 
a flat floor, then getting up and going back 3m to 
return and sitting again three times. 
 
2.3.3 10-Meter Walk Test (10 MWT) 
The 10-meter walk test (10 MWT) is a test method 
that evaluates walking ability by measuring the 
walking speed of the examinee.19 No special 
equipment is required, so you can easily evaluate 
your walking ability in a short time. The method 

measures the time required to walk 10 m by taking 
into account acceleration and deceleration between 
the start and the end and measures a total of three 
times to obtain the average. 
 
2.3.4 Modified 6-Minute Walk Test (Modified 

6MWT) 
The Modified 6-Minute Walk test is a test that can 
evaluate the muscular endurance and gait ability of a 
stroke patients. It measures the total distance walked 
while walking for 6 minutes. I had to make a round 
trip. The total distance traveled for 6 minutes was 
recorded in meters (m). However, since it must be 
conducted indoors, it is difficult to prepare a space 
with a straight distance of 50m, and if the rotation is 
made 180 degrees at the turnaround point, there may 
be damage in the walking distance, so a separate 
track was produced and a 6m walking test was 
conducted. 
 
2.4 Statistical analyses 
The Shapiro-Wilk test was performed to check for 
the normal distribution of each measurement item, 
and the results for all items satisfied normality. The 
data were presented as mean ± standard deviation 
(Mean ± SD), and the general characteristics of the 
subjects were presented as descriptive statistics. 
There was no significant difference between each 
group. A paired t-test was performed to compare pre 
and post training performance within the 
Experimental group and control groups. An 
independent t-test was performed for between group 
comparisons. The data collected for this study was 
statistically processed using SPSS 23.0 for 
Windows (IBM, New York, USA) and the statistical 
significance level P value of <0.05. 
 
 
3. Results 
A homogeneity test showed no statistical difference 
between the groups (p>.05) (Table 1). The results of 
the LOS, TUG showed a significant increase after 
training in both the experimental group and the 
control group (p<.05), with no significant difference 
between the groups (p>.05). The results of the 
10MWT, 6MWT showed significant differences 
after training in the experimental group (p<.05) but 
not in the control group (p>.05). In these two tests, 
significant differences were observed between the 
groups (p<.05) (Table 2). 
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Table 1. General characteristics of subjects 

Group EG 
(N=11) 

CG 
(N=12) x2/t p 

Gender (M/F) 7/4 4/8 1.072 .300 
Affected side (Lt/Rt) 5/6 9/3 1.046 .306 

Age (year) 64.45±12.91 66.08±10.37 -.335 .741 

Height (㎝) 159.54±12.10 159.58±9.41 -.008 .993 

Weight (㎏) 61.45±7.04 61.75±11.94 -.071 .944 

On Set (month) 24.90±23.08 19.08±15.58 .715 .482 
Mean±SD: Mean±Standard Deviation 
EG: PNF Sprinter, Skater training group 
CG: Traditional balance training group 
*p<.05 
 

Table 2. Comparison of balance and gait function for each group 

  
EG 

(Mean±SD) 
CG 

(Mean±SD) p 

LOSF 

pre 2107.63±1024.05 1933.83±552.26 .613 

post 4822.09±2751.64 4039.50±890.14 .360 

p .001* .000*  

LOSB 

pre 1337.27±789.56 1150.91±407.72 .479 

post 2180.63±1188.33 2424.66±980.62 .596 

p .002* .000*  

LOSL 

pre 1700.18±948.57 1539.91±514.54 .615 

post 3356.36±1857.91 3348.91±864.37 .990 

p .000* .000*  

LOSR 

pre 1783.18±851.59 1526.91±505.74 .385 

post 3611.45±2075.10 3089.66±929.82 .438 

p .001* .000*  

TUG 

pre 29.44±31.99 21.25±9.20 .405 

post 26.11±29.28 18.32±8.24 .386 

p .013* .016*  

10MWT 

pre 15.61±4.07 14.57±4.7 .582 

post 11.26±2.70 14.96±4.87 .037* 

p .000* .216 
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6MWT 

pre 240.21±81.74 236.90±57.85 .911 

post 303.55±89.69 237.08±59.35 .047* 

p .001* .964 
 

Mean±SD: Mean±Standard Deviation 
EG: PNF Sprinter, Skater training group 
CG: Traditional balance training group 
LOSF: Limit of Stability Forward 
LOSB: Limit of Stability Back 
LOSL: Limit of Stability Left 
LOSR: Limit of Stability Right 
TUG: Time Up & Go 
10MWT: 10-Meter Walk Test 
6MWT: 6-minute Walk Test 
*p<.05 

 

 

 

4. Discussion 
In this study, the sprinter and skater pattern 
training, which is an upper and lower extremity 
coordination exercise that systematizes the 
asymmetric inter-limb coordination system, which 
is one of the various forms of coordination, 
according to the characteristics of normal gait, is 
the static balance ability, dynamic balance ability, 
and gait ability of hemiplegic patients. Recently, 
many studies have been conducted to improve the 
gait of stroke patients. Various studies have been 
conducted, such as lower extremity muscle 
strengthening training, gait training using a 
treadmill, training using motion images, task-
oriented exercise, and training using robots and 
virtual reality. However, since gait is the result of 
coordinated movement in which biomechanical and 
neuromuscular factors are combined, research on 
coordinated movement between the extremities is 
being conducted recently [13]. Therefore purpose 
of this study was to propose one of various methods 
of gait training that is helpful for balance and gait 
in hemiplegic patients due to stroke by examining 
its effect on.  
Previous studies have focused on selective 
coordination training of the upper or lower limbs. 
In addition, there is a lack of research on 
coordination training between the upper and lower 
limbs using the entire upper and lower limbs, and 
there is a limitation in that there is only repetition 
of movements in a stable posture. In the case of 
walking, since the cooperative movement of the 
limbs using the entire limb and the stability of the 
trunk using the entire limb is required, an 
intervention method that can practice the stability 

of the trunk and the connected movements of the 
limbs is necessary accordingly. In addition, since 
gait is a movement that occurs in a posture exposed 
to gravity, gait training using PNF is recommended 
to be trained in a situation like the actual situation. 
Therefore, this study performed gait training using 
cooperative movements between limbs, which are 
asymmetrical, using a PNF sprinter and skater 
pattern in a standing position. 
As a result of this study, both the experimental 
group and the control group improved the static 
balance function and the dynamic balance function. 
However, there was no significant difference 
between the groups. Significant difference occurred 
before and after the intervention of the 
experimental group was that one leg standing 
training on the affected side without separate 
balance ability exercise increased the 
proprioceptive sensation of the ankle joint, thereby 
balancing itself before, after, and after. It is thought 
that the range of lateral movement has increased. In 
addition, the improvement of balance ability in this 
study induces symmetrical movements of the 
subject's torso, shoulders, and pelvis by the one-
legged standing training on the affected side using 
the sprinter and skater patterns in this study 
[14,15]. It is also believed that this may be because 
the center of gravity biased on the non-affected side 
can be moved to the mid-line of the trunk more by 
inducing the activation of the affected side [16]. 
As a result of this study, there was a significant 
improvement in gait function in the experimental 
group. However, there was no significant 
improvement in the control group. There were 
significant differences between groups. These 
results show that the PNF sprinter and skater 
patterns learn not only the cross extension and 
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flexion of both lower limbs in the same way as 
walking in a standing position, but also the cross 
and asymmetric rhythmic movements between the 
arms and limbs. It is thought that this is because by 
learning the mutual movements of the pelvis, the 
basic trunk and limb movements required for 
walking are more effectively learned [17]. In 
addition, when the body and limbs are connected 
by muscle chains when performing movements, the 
muscles of the trunk are also activated when force 
is transmitted from the arms to the legs around the 
trunk, and it is thought that not only static and 
dynamic balance but also walking ability is 
improved [18]. Also, it has been reported that the 
improvement of the weight transfer ability and 
balance to the affected side during the stance phase 
widens the stride [19]. In this study, balance ability 
increased after one leg standing training on the 
affected side using PNF sprinter and skater 
patterns, and walking speed was also significantly 
increased in the experimental group than in the 
control group. It was found that this one leg 
standing training to the affected side using PNF 
sprinter and skater patterns was effective in 
improving balance and gait ability of chronic 
hemiplegic patients. In addition, sprinter and skater 
movements that are easy to remember can be easily 
followed by providing audio-visual materials such 
as video data to patients, and through one-to-many 
group treatments rather than one-to-one treatments, 
it is possible to induce a sense of homogeneity or a 
sense of competition among subjects [18]. 
The limitations of this study are as follows. First, it 
is difficult to generalize to hemiplegic patients due 
to all strokes due to the small number of subjects 
for the study. Second, because the intervention 
period was short and the frequency was small, it 
was not possible to determine how long the actual 
effect lasted. Third, it has limitations in controlling 
various interventions, such as electrotherapy and 
occupational therapy, because it targets patients 
who are hospitalized and undergoing rehabilitation. 
This is likely to act as a factor influencing the 
research results. 
 
5. Conclusion 
In summarizing the results of this study, one leg 
standing training on the affected side using the PNF 
sprinter and skater patterns resulted in significant 
improvement in both balance and functional 
performance of gait in hemiplegic patients due to 
chronic stroke. Gait is a coordinated movement in 
which biomechanical and neuromuscular factors 
are combined. Therefore, one leg standing training 
to the affected side using PNF sprinter and skater 

patterns could be usefully used as an effective 
training method to improve balance and gait ability 
of hemiplegic patients due to chronic stroke.  
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