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Abstract: The aim of this study is investigate the effect of arm swing exercise on balance and gait in stroke patients. Group 

A (n=8): 0.5kg strap was applied during arm swing exercise in experimental group for 30 minutes a day, 3 times a week for 4 

weeks. Group B (n=8): Subjects in control group performed neurodevelopmental treatment for 30 minutes a day, 3 times a 

week for 4 weeks. Subjects were measured for balance and gait on Berg Balance scale, 10meter walking test and Six-minute 

walk test. There were significant changed of 10Meter Walking Test and 6-Minute Walk Test after experimental group 

performed the reinforced arm swing exercise of upper extremities and control group was provided with neurodevelopment 

treatment(p <0.05). However, there was no statistically significant found difference change of Berg Balance Scale in 

experimental group (p >0.05). The application reinforced arm swing exercise can be said to be effective intervention for the 

gait training in hemiplegic stroke patient.  
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1. Introduction 

Stroke which is an ischemic or infarct injury of brain 

results in neurological deficit and contralateral impairments 

in verbal, cognition, motor and sensory system [1]. Generally, 

stroke patients are in difficulty for the ability of ADL 

(Activity of Daily Living) by the combination of motor and 

sensory impairments which can lead to abnormal gait and 

balance by disturbing the postural control [2,3]. 

Hemiplegic stroke patients commonly show the 

asymmetric weight bearing and use the compensation pattern 

for the asymmetric posture [4,5]. The ankle strategy to 

maintain the standing balance is commonly used more than 

normal adults [6]. Symmetric weight bearing in stroke 

patients has an effect on the muscle activation of ankle joint 

through the GRF (Ground Reaction Force) in affected ankle 

joint [7]. 

Speed, distance and stability of gait are very important 

components for the ADL (Activity of Daily Living) in stroke 

patients [8]. Decrease in gait cycle, speed, standing phase and 

swing phase of affected side is distinctively shown in stroke 

patients [9]. Although some patients can recover their gait 

function, many stroke patients still have not only the 

disability of decreased gait speed and endurance but also the 

limitation in independent transfer in home and society [10]. 

Pohl(2004) reported that the gait speed of stroke patients was 

a third of normal adults’ gait speed after 6 month of onset and 

stroke patients could perform 40% of gait distance comparing 

with normal adults [11]. The improvement and recovery of 

gait in stroke patients are closely related to the back-to-work 

and society [12]. Consequentially, the recovery of balance 

and gait function of stoke patients becomes the important 

goal of rehabilitation [13]. 

Normal gait is defined as the movement of extremities 

which is made by transfer of COG (Center Of Gravity) with 

effective use of energy [14]. The natural movement which is 

generated in that situation has an indirect and direct influence 

and lead to rhythmical gait function with alternative 

movement of both lower extremities [9]. This overall body 

balance can reduce the energy consumption in whole body 

[15]. 

It is reported that the active movement of affected upper 

extremities are limited in hemiplegic patients and trunk was 

not rotated during gait [16]. Furthermore, it is also found by 

comparing muscle activations of upper extremities that the 

movement of upper extremities is not related to gait speed 

and acceleration [17]. Eke-Okoro(1997) reported in his study 

that natural swing movement of upper extremities has a 
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positive effect on the improvement of step length, stride 

frequency and gait velocity [18]. In addition, powerful swing 

of upper extremities rather than natural movement is more 

helpful to weight shift of trunk and gait velocity by 

increasing the ground reaction force [19]. The movement of 

upper extremities is also reported to improve the trunk 

stability and the range of motion on ankle joint [20]. In recent 

study with normal adults, strengthening exercise with loading 

on forearm affected the activation of latissimus dorsi muscle, 

resulting in the increase of the stability in trunk and pelvis 

[21]. Latissimus dorsi and gluteus maximus are connected by 

the surface layer of thoracolumbar fascia and this connection 

can make it possible to transfer the force and rotate the trunk 

[22]. Shin(2010) reported the effect of symmetric swing 

exercise of upper extremities on gait speed in hemiplegic 

patients with stroke [23]. 

However, there is no study about the effect of 

strengthening exercise with arm swing upper extremities in 

stroke patients. Even though many studies have reported the 

change of gait speed by active and passive movements of 

upper extremities, there is no study which reported the 

change of balance and gait. Thus, in this study, the purpose 

was to investigate the effect of arm swing exercise on 

balance and gait in stroke patients. 

2. Method 

2.1. Subjects 

16 patients who diagnosed with stroke by physiatrists were 

recruited in this study. All subjects were given the 

information of this study like purpose and procedure and 

agreed with the participation in this study (consent was 

given). The inclusion criteria was as following; 1) stroke over 

6 months, 2) over 24 points in MMSE-K (Mini-Mental State 

Examination - Korea version), 3) able to independently sit 

and stand without any orthosis, 4) able to perform the 

independent gait for more than six minutes, 5) without 

subluxation of shoulder, 6) less than second grade of MAS 

(Modified Ashworth Scale). 

In addition, patients who have orthopedic disease, deficit 

in vision, vestibular system and mental system, and 

experience of anti-spastic injection were excluded from this 

study. 

2.2. Experimental Procedure 

All subjects were randomly divided into two groups, 

experimental and control group. 4-week intervention was 

provided and subjects performed the following procedure. (1) 

0.5kg strap was applied during arm swing exercise in 

experimental group. First stage was that patients put their 

affected arm out the bobath table in prone position. The 

extension of affected arm is reinforced with other parts of 

body fixed. In second stage, the exercise was performed in 

sitting position. Both feet were on the floor and the maximal 

extension of affected arm was performed up to 30° and the 

maximal flexion was performed less than 30°. Asymmetric 

pattern was conducted by extending the affected arm during 

flexion of non-affected arm and flexing the affected arm 

during extension of non-affected arm. In third stage, the 

intervention was performed in standing position. Both feet 

were fixed on the floor with the distance between feet set up 

by 25cm. In line with second stage, arm swing exercise of 

upper extremities was performed. Experimental group 

performed the exercise for 30 minutes and each stage was 

conducted for 10 minutes. In each stage, 1-minute resting 

time was provided after every 2-minute exercise. 

Interventions were performed 3 times a week for 4 weeks. (2) 

Subjects in control group performed neurodevelopmental 

treatment for 30 minutes a day, 3 times a week for 4 weeks. 

2.3. Statistical Analysis 

(1) Berg Balance Scale  

Berg Balance Scale is to measure the balance ability in the 

elderly or stroke patients and consists of 14 tasks from 

sit-to-stand to one-leg standing [24]. Each task has 5 scores 

from 0 to 4 and the full mark 56 points. Intra-rater reliability 

and inter-rater reliability are r=.99 and r=.98 respectively, 

showing high validity and reliability [25]. 

(2) 10m walk test  

10m walk test is for the measurement of gait speed in 

patients [26]. 10m is marked on the floor and time is 

measured during 6m, the middle of 10m. First 2m and last 

2m are acceleration phase and deceleration phase 

respectively. Test-retest reliability and inter-rater reliability 

are r=.95 and r=.90 respectively [27]. 

(3) Six-minute walk test 

6 minute walk test which is a measurement for the gait 

function and endurance is known to be effective for the 

measurement of the limited gait by muscle weakness, rigidity, 

the control impairment and decreased balance in stroke 

patients. Test-retest reliability is ICC = 0.98 [28].To 

investigate the general characteristics of subjects, descriptive 

statistics and frequency analysis were performed. Kruskal 

Wallis test was performed to evaluate the changes between 

before and after the intervention in three groups. 

Mann-Whitney test was also used for post-hoc comparison. 

The data were processed using SPSS for Windows Version 

20.0, and a significance level (α) of 0.05. 

2.4. Statistical Analysis 

SPSS window version 21.0 was used for statistical analysis 

in this study. 

(1) Mann-whitney U test was conducted for the 

homogeneity test of general characteristics in 

experimental and control group. 

(2) Wilcoxon signed rank some test was used to 

investigate the change of balance and gait between 

before and after the intervention in each group. 

(3) Mann-whitney U test was also used to investigate the 

change of balance and gait between groups. 

Significance level was .05. 
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3. Result 

3.1. Homogeneity test of General Characteristics and 

Various in Experimental and Control Group 

Table 1. General characteristics of subjects (Mean±SD) 

 Group A Group B x2, U p 

Sex (male / female) 5 / 3 4 / 4 .250 .617 
Stroke side (L / R) 4 / 4 5 / 3 .250 .617 
Age (years) 57.3±8.3 54.3±9.8 22.000 .292 
Weight (kg) 68.5±11.1 59.4±10.1 16.500 .103 
Height (cm) 164.9±11.3 160.5±8.7 27.000 .598 
Onset Time (month) 8.8±2.5 8.5±2.1 31.000 .915 
MMSE-K 27.75±2.25 27.8±2.49 31.500 .955 
MAS 1.38±0.52 1.5±0.53 28.000 .626 

Group A = Arm swing exercise 

Group B = NeuroDevelopmental Treatment 

MMSE-K = Mini-Mental State Examination - Korea version 

MAS = Modified Ashworth Scale 

The general characteristics of experimental and control group 

were as followings. The ages of both groups were 57.3±8.3 and 

54.3±9.8, and experimental group consists of 5 men and 3 

women. Control group consists of 4 men and 4 women. The 

average scores of MMSE-K (Mini-Mental State 

Examination-Korea version) were 27.75±2.25 in experimental 

group and 27.8±2.49 in control group. The scores of MAS 

(Modified Ashworth Scale) were 1.38±0.52 in experimental 

group and 1.5±0.53 in control group. In statistical analysis, there 

was no significant difference in all values, thus the homogeneity 

of both group was confirmed (p > 0.05)<Table 1>. 

In addition, there was no significant difference of gait 

function and balance ability between both groups, thus the 

homogeneity of all values between groups before the 

intervention(p > 0.05)<Table 2>. 

Table 2. Pre-homogeneity test for balance and gait 

 
Group A Group B U p 

BBS 47.38±2.88 47.38±1.69 27.000 .592 

10MWT 12.51±1.68 13.01±2.29 26.000 .529 

6MWT 152.38±18.81 125.00±35.86 14.000 .059 

Mean±SD = Mean±Standard Deviation 

Group A = Arm swing exercise 

Group B = NeuroDevelopmental Treatment 

BBS = Berg Balance Scale 

10MWT = 10meter walking test 

6MWT = 6-minute Walking test 

3.2. Changes of Gait and Balance Ability 

Wilcoxon signed rank sum test was used to investigate the 

change of balance after the intervention in both groups and 

Mann-Whitney U test was also used to investigate the 

difference of balance ability between groups <Table 3>. 

Table 3. The comparison of balance and gait between experimental and control group General characteristics 

 
 Group A Group B  U p 

 
Pre 47.38±2.88 47.38±1.69 

 
 

BBS Post 48.63±2.92 49.75±2.25 15.500 .077 

 
Pre-Post -1.25±-0.04 -2.37±-0.56 

 
 

 
z -1.823 -2.388 

 
 

 
p .068 .017 

 
 

 
Pre 12.51±1.68 12.85±2.53 

 
 

10MWT Post 8.17±0.89 10.06±2.42 11.000 0.27 

 
Pre-Post 4.34±0.79 2.79±0.11 

 
 

 
z -2.521 -2.521 

 
 

 
p .012 .012 

 
 

 
Pre 152.38±18.81 125.00±35.86 

 
 

6MWT Post 188.00±11.60 145.88±32.14 10.500 .023 

 
Pre-Post -35.62±7.21 -20.88±3.72 

 
 

 
z -2.524 -2.521 

 
 

 
p .012 .012 

 
 

Mean±SD = Mean±Standard Deviation 

Group A = Arm swing exercise 

Group B = NeuroDevelopmental Treatment 

BBS = Berg Balance Scale 

10MWT = 10meter walking test 

6MWT = 6-minute Walking test 

(1) The change of Berg Balance Scale 

① The change of Berg Balance Scale after the 

intervention in both groups 

Berg Balance Scale score was increased after the 

intervention from 47.38 ± 2.88 to 48.63±2.92 in experimental 

group but not statistically significant. In control group, Berg 

Balance Scale was significantly increased after the 

intervention from 47.38±1.69 to 49.75±2.25(p < 0.05). 

② Comparison of BBS scores between groups. 

There was no significant difference of Berg Balance Scale 

between groups(p < 0.05). 

(2) Change of 10Meter walk test 

① Change of 10Meter Waking Test between before and 

after the intervention in both groups 
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10Meter Waking Test showed significant change after the 

intervention from 12.51±1.68 m/s to 8.17±0.89 m/s in 

experimental group. In control group, there was a significant 

change after the intervention from 12.85±2.53 m/s to 

10.06±2.42m/s(p < 0.05). 

② Difference of 10Meter Waking Test between groups 

There was a significant difference of 10Meter Waking Test 

between experimental and control group(p < 0.05). 

(3) Change of 6-Minute Walk Test 

① Change of 6-Minute Walk Test between before and 

after the intervention in both groups 

6-Minute Walk Test showed statistically significant 

increase from 152.38±18.81m/s to 188.00±11.60m/s after the 

intervention in experimental group. In control group, there 

was also significant change after the intervention from 

125.00±35.86m/s to 145.88±32.14m/s(p < 0.05). 

② Comparison of 6-Minute Walk Test between 

experimental and control group 

There was a statistically significant difference of 6-Minute 

Walk Test between experimental and control group(p < 0.05). 

4. Discussion 

Generally, normal gait which is repetitive activity for the 

body to forward in standing position is a complex movement 

needing the interaction between joints of lower extremities 

[29]. If the swing movement of upper extremities is not 

properly performed, biomechanics and energy are severely 

affected. In addition, more powerful swing than normal 

swing is known to increase the ground reaction force and 

transfer of COG (center of gravity) [30]. Thus, this study was 

to investigate the effect of reinforced arm swing exercise of 

upper extremities on the gait and balance in hemiplegic 

patients with stroke. 

In this study, subjects with stroke were divided into two 

groups and performed the intervention for 30 minutes a day, 

3 times a week for 4 weeks. Experimental group was to 

investigate the change of gait and balance after the reinforced 

arm swing exercise. The reinforced arm swing exercise was 

performed in prone, sitting and standing position. Control 

group was provided with neurodevelopmental treatment. 

In the result of this study, there is significant change of 

10Merter walk test and 6-Minute Walk Test in experimental 

group but there is no significant change in Berg Balance 

Scale. In control group, there are statistically significant 

changes in all measurement. 

Kim(2013) studied the effects of swing speed of upper 

extremities during gait on the muscle activation in lower 

extremities. There was a significant change of muscle 

activation of latissimus dorsi and gluteus maximus muscle 

according to the swing speed [21]. There was also significant 

change of those muscles during natural according to the 

extinction of loading on upper extremities. In this study, the 

reinforced arm swing exercise increased the muscle 

activation of latissimus dorsi and gluteus maximus, and it is 

thought that arm swing of upper extremities improved the 

gait distance by increasing gait speed and energy 

consumption. 

Lulic(2008) reported that when patients powerfully swing 

their upper extremities in intention, the ground reaction force 

and the movement of COG (Center Of Gravity) were 

increased [19]. In this study, it is believed that the one-leg 

standing phase was increased by moving COG (Center Of 

Gravity) forward and two-leg standing was decreased by 

increasing the ground reaction force. 

Kim(2012) reported that when intended swing movement 

of upper extremities increased not only spatiotemporal gait 

index but also significant improvement of gait speed [16]. In 

this study, it is also thought for the reinforced arm swing 

exercise to improve the contraction of latissimus dorsi, 

resulting in the increase of gait speed and endurance. 

However, there was no significant change of Berg Balance 

Scale after the intervention in this study. Patients used 

unaffected side more than affected side when performing arm 

swing exercise. This differentiated the transverse rotation of 

trunk and as a result, the transverse rotation of pelvis became 

asymmetric [31,32]. It is thought that the non-significant 

change is because of that. 

There are some limitations in this study. The number of 

subjects was relatively small then the results were difficult to 

be generalized to all stroke patients. Furthermore, since 

patients with subluxation of shoulder and shoulder pain were 

excluded, there is a difficulty generalizing the result to all 

stroke patients. Further studies that have larger number of 

subjects and use the objective measurement tool will be 

needed in the future. 

5. Conclusion 

In this study, there were significant changes of 10Meter 

Walking Test and 6-Minute Waking Test in 16 stroke patients 

after experimental group performed the reinforced arm swing 

exercise of upper extremities and control group was provided 

with neurodevelopment treatment (p <0.05). However, there 

was no statistically significant change of Berg Balance Scale 

in experimental group (p >0.05). Thus, based on this study, it 

is believed that the reinforced arm swing exercise can be an 

intervention for the gait training in hemiplegic stroke patients 

but it is better to provide additional exercise for balance 

training. 
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