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Effect of upper extremity coordination exercise during 
standing on the paretic side on balance, gait ability and 
activities of daily living in persons with stroke
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Objective: The purpose of this study was to determine the effect of upper extremity coordination exercise (UECE) during stand-
ing on the paretic side on balance, gait ability and activities of daily living (ADL) in persons with stroke.
Design: A randomized controlled trial.
Methods: A total of 27 patients with hemiplegic diagnosis after stroke were divided into two groups. Fourteen patients were in the 
study group and 13 patients were in the control group. The study group received conventional physical therapy and UECE during 
standing on the paretic side. The control group received conventional physical therapy and simple upper extremity exercise 
(SUEE). Subjects in both groups were given upper extremity training for 30 minutes per day, five times a week for 4 weeks. Initial 
evaluation was performed before treatment and reevaluated 4 weeks later to compare the changes of balance, gait ability and ADL 
(Korean version of modified Barthel index, K-MBI).
Results: Both groups showed a significant effect for balance, gait ability and ADL (p<0.05). In the Independent t-test, between 
both groups showed a significant effect for balance and gait ability except ADL (p<0.05).
Conclusions: In this paper, we investigated the changes in balance, walking, and ADL through UECE. We found significant 
changes in the study group and the control group. Results of the present study indicated that UECE during standing on the paretic 
side for 4 weeks had an effect on balance, gait ability and ADL (K-MBI) in persons with hemiplegia after stroke. 
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Introduction

The neurological disorders that may occur in stroke pa-

tients include motor and sensory disorders, cognitive dis-

orders, perception disorders, language disorders, and emo-

tional disorders and several patients suffer from permanent 

disabilities as they do not recover movement and function 

due to the loss of motor function [1].

Many stroke patients cannot use their impaired upper 

limb properly despite long-term intensive therapy because 

damage to the upper limb after stroke is one of the most com-

mon and severe stroke side effect [2]. The hand function of 

the upper limb is the most highly damaged one in brain dam-

aged patients. This is the most abundant cell in the cerebral 

cortex. It is responsible for the control of hand [3]. Adjust-

ment to a specific pattern is required for segments between 

the neck and the body in order to maintain the stability of the 

upper body during walking [4]. Arbitration is particularly 

required for this adjustment because the upper body seg-

ments can affect dynamic stability [5]. Conventional re-

habilitation therapy for spasticity administered by therapists 

includes passive stretching and range of motion exercise 

treatment. The amount and effects of repetitive exercise 

manually induced by therapists may differ according to the 
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Figure 1. Flow of participants through
the exercise program. 

therapists’ levels of experience [6]. Despite their partic-

ipation in standard rehabilitation programs restoration of 

arm and hand function for activities of daily living (ADL) is 

not achieved in the majority of stroke patients. In the first 

weeks and months after stroke, a positive relationship be-

tween the dose of therapy and clinically meaningful im-

provements has been demonstrated [7]. The asymmetric gait 

cycle of stroke patients also affects their gait symmetry. The 

speed, balance and the symmetry of gait are correlated with 

motor recovery, upper-extremity muscle strength, ADL and 

postural control [8]. In Scena et al. [9], the reliability and 

validity of the functional reach test (FRT) were evaluated in 

the balance evaluation of patients with neurological impair-

ment. The goal of rehabilitation is to enhance ADL perform-

ance so that patients can eventually carry out ADL indepen-

dently. Various tools have been used for evaluating the status 

of stroke patients and the achievement of treatment goals. 

Barthel index (BI) was revised as modified BI (MBI) to be 

more conveniently and effectively used all over the world 

[10]. And the Korean version of MBI (K-MBI) has been 

developed. Various tools for assessing the upper extremities 

that play important roles in ADL have also been developed. 

Loss of upper extremity functions is determined based on 

the levels of paresis, loss of fractionated movements, abnor-

mal muscle tone, and somatosensory impairments [11,12]. 

The effects of upper extremity co-ordination exercise 

(UECE) have been demonstrated in previous studies 

[3,9,12]. These studies were conducted with walking or 

meaningless upper limb movement. However, the effects of 

UECE during standing on a paretic side on functional move-

ments of hemiplegic patients after stroke remain unclear. 

Therefore, the objective of this study was to determine the 

effects of UECE during standing on a paretic side on activity 

of daily living, balance and gait ability of stroke patients. 

Methods
Subjects

This study was conducted at Bethesda Hospital. A total of 

27 patients who were admitted to inpatient rehabilitation 

center were selected as the study group. The inclusion cri-

teria were: those who have been diagnosed with hemiplegia 

for more than 6 months [13]; those who were able to respond 

properly from a sensory stimuli given by the examiner with 

over 24 points in mini mental state examination [14]; those 

who were able to carry out instructions given by verbal com-

mand [15]; those who were independent in ambulation with 

or without a walking aid [16]; and those who understood the 

content of study and agreed to participate actively (Figure 

1). The study was approved by the Institutional Review 
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Figure 2. Upper extremity co-ordination exercise. Red arrow means affected side. (A) Bring the scapula to the center and place both hands
on the table. (B) Supporting weight on the table. (C) Shoulder protraction of affected side upper limb. (D) Shoulder extension of affected
side upper limb. (E) Shoulder flexion of affected side upper. (F) Shoulder abduction of affected side upper limb.

Board of the Sahmyook University (IRB No. 2-1040781- 

AB-N-01-2017047HR). 

Experimental procedures

27 participants were randomly assigned with computer 

lottery study group (UECE; n=14) and control group (simple 

upper extremity exercise [SUEE]; n=13). The UECE ap-

plied in this study was a revised version of that used in a pre-

vious study [17,18]. Generally, upper limb exercise methods 

did not emphasize the stabilization of the shoulder, and the 

compensatory action of the opposite side occurred. In this 

paper, we apply the exercise method by revising and re-

vising the previous study. All operations are performed basi-

cally after stabilization of the line ridge by attaching the 

scapula inward. When performing all the operations, the 

therapist intervenes and exercises while adjusting the com-

pensatory action of the opposite side (Figure 2).

Briefly, participants received 30 minutes of strengthening 

exercise on UECE in standing posture. Exercise was con-

ducted 3 sessions per week for a total of 4 weeks. 

Participants in the Control group (SUEE) received 30 mi-

nutes of shoulder movement exercise (flexion, extension, 

abduction, adduction, internal rotation, external rotation) in 

standing posture. All operations are simple, without special 

constraints, and allow compensation on the other side. All 

the participants in both groups received 30 minutes per ses-
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Table 1. Comparison of upper extremity co-ordination exercise on activity daily living, balance and gait ability (N=27)

Variable
Study group (n=14) Control group (n=13)

t (p)b

Pre-test Post-test t (p)a Pre-test Post-test t (p)a

TUG (s) 12.15 (3.32) 10.60 (2.83) 6.98 (0.000)c 12.84 (2.87) 11.82 (2.73) 4.66 (0.001)c −0.571 (0.023)c

FRTA (cm) 18.57 (8.01) 20.07 (8.10) −3.72 (0.003)c 19.69 (5.26) 20.38 (5.18) −2.92 (0.013)c −0.222 (0.031)c

FRTN (cm) 17.00 (6.96) 18.43 (6.65) −4.37 (0.001)c 18.08 (7.00) 18.77 (6.96) −2.92 (0.013)c −0.700 (0.012)c

K-MBI (score) 75.57 (11.85) 79.14 (13.24) −5.40 (0.000)c 70.00 (10.32) 71.23 (11.27) −2.88 (0.014)c 1.297 (0.081)

Values are presented as mean (SD). 
TUG: timed up and go test, FRTA: functional reach test affected, FRTN: functional reach test non-affected, K-MBI: Korean version of modified 
Barthel index.
aPaired t-test, bIndependent t-test, cStatistics significant difference between groups (p<0.05).

sions of conventional physical therapy for 5 sessions per 

week for 4 weeks. The main reasons for 3 drop-outs from the 

study were a personal issue.

Outcome measurement

Timed up and go test 
Timed up and go test (TUG) is functional flexibility test 

invented by Podsiadlo and Richardson [19]. It was designed 

as a quick measure of basic balance and mobility skill of eld-

erly people. The time taken for subjects to rise from an arm-

chair, walk 3 meters, turn, and return to the chair is measured 

in seconds.

Functional reach test 
As above mentioned, the FRT is based on analyzing the 

limits of anterior-posterior stability in an upright position, in 

the absence of external perturbations. It assesses the max-

imum forward displacement that a subject can reach without 

losing balance [9].

Korean version of modified Barthel index
Various tools have been used for evaluating the status of 

stroke patients and the achievement of treatment goals. BI 

was revised as MBI to be more conveniently and effectively 

used all over the world. And the K-MBI has been developed 

[10,11].

Statistical analysis

All the variables are presented as mean and standard devi-

ation, and the statistical analysis was conducted using IBM 

SPSS Statistics ver. 19.0 (IBM Co., Armonk, NY, USA). To 

assess the general characteristics of the subjects, descriptive 

statistics was used. Paired t-test used to define the differ-

ences between pretest and posttest in each group, and in-

dependent t-test was used to define the differences between 

study group and control groups after 4 weeks of training. 

Statistical significance was considered when p-value was 

less than 0.05.

Results

This study enrolled 27 patients, 14 patients in the study 

group and 13 patients in the control group, and analyzed in-

tervention effects with both paired t-test and independent 

t-test. Results are presented in Table 1. Study group was a 

significant effect for TUG (t=6.98, p=0.000), FRT affected 

(FRTA [t=−3.72, p=0.003]), FRT non-affected (FRTN [t=

−4.37, p=0.001]), and K-MBI (t=−5.40, p=0.000). Control 

group was a significant effect for TUG (t=4.66, p=0.001), 

FRTA (t=−2.92, p=0.013), FRTN (t=−2.92, p=0.013), and 

K-MBI (t=−2.88, p=0.014). Both groups improved their 

ability to gait, balance and ADL. This confirms that both 

UECE and SUEE have improved function through upper ex-

tremity exercise. There was a significant difference between 

the two groups in the independent t-test. The study group ex-

hibited significantly greater improvement than the control 

group in the TUG (t=−0.571, p=0.023), FRTA (t=−0.222, 

p=0.031), and FRTN (t=−0.700, p=0.012), whereas no sig-

nificant difference was found between the groups for the 

K-MBI score (t=1.297, p=0.081; Table 1).

Discussion 

UECE is particularly affected by scapular stability during 

movement in sagittal & coronal planes. Previous studies on 

recovery of upper extremity function have investigated the 

effects of balance, upper-limb function, and gait speed in 

post-stroke patients [3,9,12].
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Movement disorders can bring about limitations to mus-

cle control and motion functions or mobility. They can also 

result in degradation of balance control abilities. Hemiplegia 

is accompanied by increased posture instability, asym-

metrical weight bearing, impairment of body weight transfer 

capabilities, and decreased postural stability [20,21]

According to Eng and Chu [22], gait abilities of paretic 

and non-paretic lower limbs are not identical. In addition, 

the paretic side is less competent in weight bearing ability. In 

particular, slow gait velocity and reduced gait endurance 

may cause many difficulties in the recovery of gait ability. 

Overcoming these difficulties is a crucial objective of stroke 

patient rehabilitation [23]. Many studies have reported treat-

ment methods for improving the gait ability of stroke pa-

tients [3]. Stroke patients suffer from deficits in functional 

ambulation capacity, balance, walking velocity, cadence, 

stride length, temporal gait pattern, and muscular activity 

pattern. Generally, stroke patients show decreased walking 

velocity, which can result in decreased paretic stance phase 

but increased paretic swing phase [24].

According to Hill et al. [25], gait speed and shoulder gir-

dle strength are improved (p<0.05) after 4 weeks of training 

for stroke patients and in the study group of this study, gait 

speed (TUG test) was changed from 12.15 seconds to 10.60 

seconds. Upper extremity hemiparesis can impair the per-

formance of many daily activities such as dressing, bathing, 

self-care, and writing, thereby resulting in reduced func-

tional independence. Therefore, stroke survivors need to 

participate in rehabilitation programs to achieve functional 

independence [1]. Hemiparesis of the upper extremity is of-

ten the most severe one in the most distal regions. Although 

proximal muscles and joints may be the least affected ones, 

purposeful movement requiring precise control of the prox-

imal segments is slow, inaccurate, and poorly coordinated 

[26]. Approximately one third of all stroke survivors have 

significant residual disability. The severity of upper ex-

tremity hemiparesis is a significant determinant of post-stroke 

disability and quality of life [27]. 

Postural control of the trunk is also a critical component of 

independent performance of ADL. Hsieh et al. [28] have in-

vestigated the relationship between trunk control and com-

prehensive ADL. A paretic arm can change body orientation 

because shoulder girdle stabilizers are often so impaired by 

muscle weakness that they cannot overcome arm weight or 

maintain anatomical characteristics. Weakness of scapular 

stabilizers has been shown to increase motor impairment of 

upper extremities and consequently affect many stroke sur-

vivors to achieve independent daily livings [29]. The effi-

cacy of UECE in improving balance and performance of dai-

ly activities by stroke patients was also investigated in this 

study. In the study group of this study, FRTA was changed 

from 18.57 to 20.07 cm. An important finding of this study 

was a statistically significant improvement in the function of 

the paretic upper extremity after the UECE. This means that 

balance ability of the study group is improved. Also, in the 

study group, K-MBI was improved from 75.57 to 79.14 

points. 

Previous studies evaluated functional changes on ADL 

[10]. In this paper, we investigated the changes in ADL 

through balance enhancement due to changes in upper limb 

function, and found significant changes in the study group 

using K-MBI. 

In this paper, we investigated the changes in balance, 

walking, and ADL through UECE. We found significant 

changes in the study group and the control group. 

Results of the present study indicated that UECE during 

standing on a paretic side for 4 weeks had an effect on the 

Balance, gait ability and ADL (K-MBI) of hemiplegic pa-

tients after stroke. 

In future studies, more efficient research should be done 

to improve the balance, gait ability and activity of daily liv-

ing of stroke patients by revising and supplementing the 

contents of this paper.
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