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Abstract: Stroke patients lose balance and gait ability in a dual-task state. Also, functional training
under dual-task conditions is necessary for those with movement disorders. The objective of this
research is exploring the effectiveness of dual motor task gait training on balance and gait function in
chronic stroke patients. Each group conducted training for four weeks, and training was directed for
thirty minutes five times. The subjects were 23 chronic stroke patients hospitalized in a rehabilitation
hospital in Korea. Patients were assigned at random to one of two groups: experimental (n = 11) and
control (n = 12). To compare its effects of training, a subjects measured their balance function and gait
function before and after training. The static balancing function measured the limit of stability using
Biorescue, and the dynamic balancing function measured the time using time up & go test. Gait
function measured the time using a 10-meter walk test. As a result of the experiment, there was a
significant effect on improving static balance, dynamic balance, and gait in the experimental group. As
a result of comparing the differences among the two groups after training, there was a statistically
substantial difference. Therefore, dual-task training applying motor tasks is thought to improve the
balance and gait function of chronic stroke patients.
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1. Introduction

Stroke is a nerve condition instigated by blood vessel injury in the brain[1]. In general, strokes
result in various impairments in cognition and motor function, such as temporal and spatial
impairments, aphasia, unilateral neglect, and balance and gait illnesses[2]. Hemiplegia patients,
particulary, have a limited ability to sustain weight on the affected side's lower extremity, preventing
them from adopting a symmetric or asymmetric stance. Furthermore, aberrant balance responses cause
abnormal body control, poor mass bearing in the inffected leg, and an increased possibility of dropping
[31[4]. Also, when balance ability deteriorates, issues with gait ability emerge, resulting in an
unbalanced position even during gait[5]. Because of the injury of these capacities, 20% to 30% of
people with stroke miss their capacity to walk following an acute stroke, and the majority of the
remaining patients suffer gait disorders[6]. As a result, hemiplegia patients' decreased balance and gait
capability has an adverse effect on daily activity performances.

In particular, the gait pattern after a stroke was characterized by an inefficient movement pattern on
the affected side, a decrease in stance phase on the affected side, and an abnormal gait pattern due to
continued movement of the terminal stance earlier than normal compared to healthy adults without
damage to the central nervous system[7]. In addition, it has been reported that during the gait cycle,
the weight sustenance time on the affected side is shortened and the swing phase is long, resulting in a
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difference in stride length between the affected and non-affected side and slowing down the gait cycle
and speed[8]. Therefore, gait training is important for stroke patients.

As a result, clinical practice is becoming more interested in effective therapeutic interventions for
stroke patients. Task-oriented training, visual feedback training, the Bobath method, and PNF are
examples of recovery therapeutic treatments that encourage the restoration of balance and walking
capacity in stroke patients through functional enhancement[9].

According to a recent study, dual-task training should be conducted, not just training, as a new
training to develop the physical purpose of stroke patients[10]. In general, when performing daily life,
there are situations in which more than one task must be performed, especially in stroke patients, they
lose balance and gait ability in a dual-task state[11]. In addition, since stability and balance are
mandatory together in conditions where minor task presentation is required, functional coaching under
dual-task conditions is necessary for those with movement disorders[12]. The training method in the
dual-task condition is a training method that promotes functional activity by concurrently executing
two or more tasks, like performing a rational task or a motor assignment while performing functional
tasks like balance and gait[13]. It has also been reported that dual motor tasks must be done
concurrently to successfully perform multifaceted tasks like actions of daily living[14]. However, most
previous studies were studies that performed dual-tasks by presenting additional cognitive tasks and
motor tasks during static balance training. In addition, there were previous studies on dual-task gait
training, but most of the studies were conducted on treadmills, not in actual walking situations. In this
study, additional motor tasks were presented while walking on flat ground for practical walking. Many
unexpected variables occur when walking indoors or outdoors. Therefore, it is thought that the effect
of training will be more effective if the dual-task is performed while actually walking. In patients with
nervous system damage, deterioration in balance and gait function is prominent in dual-task situations.
Therefore, for stroke patients, dual-task coaching is necessary in developing balance and gait function.
This study hypothesized that dual-task training must need a more important outcome on balance and
gait function than general gait training. This research aimed to conclude the outcome of dual motor
task training on the gait and balance of stroke patients during gait training. A dual motor task training
is to be presented as a training method for functional enhancement in stroke patients.

2. Methods
2.1 Research Design

Gait training was conducted for 30 minutes in the treatment room for the experimental group and
the control group. An experimental group additionally carried out motor tasks such as moving objects,
exchanging balls, and kicking balls while gait. Both groups were required to rest appropriately in the
middle of training if the patient was tired during gait training. Training in both groups lasted four
weeks. The training was directed five times a week. During the training, if the training is refused due
to fatigue or dizziness, or if the training was refused according to one's own will, the training was
stopped immediately. In addition, all training was conducted within 30 minutes of the prescribed
physical therapy time, and balance and gait function measurements before and after training were also
conducted within 30 minutes of physical therapy time [Fig. 1].
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[Fig. 1] Research Design
2.2 Subjects

The focus of this investigation are 23 patients who were detected with hemiplegia because of stroke
at a recovery clinic in G city in 2020 and were hospitalized. This study was accepted by the Daegu
University Bioethics Committee (1040621-201711-HRBR-004-002). A tool G-power 3.1.9.7 were
utilized to identify the proper number of study participants, and 13 individuals were computed for each
group based on previous research with an effect size of 0.9, level of 0.05, and power of 70%. But, in
this study, a 3 patients dropped out due to reasons such as discharge from the hospital and refusal to
train, so the study was conducted on 23 patients (11 in the experimental group and 12 in the control
group). The subject heard a sufficient explanation of the experiment and proceeded after obtaining
consent. In addition, all subjects proceeded after receiving consent to voluntarily participate in the
experiment.The intervention period was 4 weeks. Randomly assigned to 11 experimental groups who
received dual motor task gait training and 12 control groups who received general gait training, and
the study was conducted for 30 minutes for 4 weeks, 5 times a week per group. The criteria for
selecting study subjects are those who have been identified with a stroke and are at least ten months
later the beginning, who can comprehend the study contents and can interconnect, who can do the
activity while standing on one leg on the injured side, and who can walk independently using an
assistive device [Table 1].

[Table 1] General Characteristics of Subjects

EG CG

Group (N=11) (N=12) x2It p
Sex (M/F) 6/5 6/6 .048 .827
Affected side (Lt/Rt) 6/5 7/5 .034 .855
Age (year) 65.81+6.28 68.75+7.99 -971 342
Height (cm) 160+13.35 161.66+10.03 -.340 737
Weight (ke) 60.63+6.24 58.58+8.38 661 516
On Set (month) 34.81+11.25 35.41+10.96 -.129 .899

EG: Experimental Group; CG: Control group
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2.3 Measurement

2.3.1 Biorescue

The stability limit test is a balance ability measurement system (Biorescue, RM Ingenierie, France).
Balance and weight distribution can be analyzed in various positions, and stability limitations can be
confirmed by measuring the body's pressure-centered movement area (mm2) and movement distance
(cm) during specific movements. In this study, the subject voluntarily moved from a standing position
to maximize the pressure center in four straight and four diagonal directions out of the eight
information specified by the monitor, and the area of agitation drawn by the pressure focus was
measured [Fig. 2].

[Fig. 2] Biorescue
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[Fig. 3] Time Up & Go
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The Time Up & Go Test (TUG) were designed to test stroke patients' dynamic balance function.
This test involves sitting down on a 46-centimeter highchair with armrests on an even floor,
subsequently getting up and walking three meters again and sit three times. Measure three times and
use the average value. Generally, the measured time is less than ten-seconds in normal adults, eleven-
twenty seconds in frail elderly, and more than twenty-seconds in patients with functional motor
impairment. The measurement was conducted by one physical therapist, and the intrameter reliability
of the test was 0.97 [Fig. 3].

2.3.3 Ten-Meter Walk Test (1OMWT)

A Ten-meter walk test (LOMWT) was performed on a fourteen-meter straight walking path, and the
time to pass through a distance of ten-meter was measured by setting a display line at a distance of
two-meter inward from both ends. The two-meter section of both ends was not included in the
measurement of time with the acceleration and deceleration sections. Measure three times and use the
average value. The measurement was conducted by one physical therapist, and the intrameter
reliability of the test was 0.99. [Fig. 4].

14m total
Om 2m 12m 14m
Start Start Stop Stop
Walking Timing Timing Walking

[Fig. 4] 10-Meter Walk Test

2.4 Statistical Analyses

The statistical analysis of this study calculated the mean and standard deviation using SPSS 12.0,
and as a result of a normality test with Shapiro-Wilk test of each measurement item, it was found that
it was normally distributed in all items. The independent t-test analysis of Variance was utilized to
observe the comparison of the transformation in the outcome among the two groups. Also, using a
paired t-test to identify the differences among the pre-training and post-training periods within the
group. A statistical significance level was set to p0.05 in all cases.

3. Results

This research aimed to identify the result of dual motor task training on the gait and balance of
stroke patients during gait training. A homogeneity test did not show statistical changes among groups
(p>0.05) (Table 1). The limit in stability and time up & go test results for static and dynamic balance
function measurements showed statistically significant differences beforehand and afterward coaching
in the experimental group (p<.05). The control group showed a difference, however it was not of
statistical significance (p>.05). As a result of comparing the differences after training among the
groups, there was a statistically significant difference (p<.05)(Table 2)(Figure 5, 6). The experimental
group's 10-meter walk examination findings assessing gait function indicated statistically significant
variations before and after training (p.05), although there was no statistically significant difference
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(p>.05). As a result of comparing the differences after training among the group of two, there was a
statistically significant difference (p<.05)[Table 2][Fig. 7].

[Table 2] Change of Balance and Gait Function for Each Group

EG cG t A
(Mean+SD) (Mean+SD)

pre 1549.72+225 51 1600.25+191.16 -581 ~567

oS post 1939.91+109.19 1604.33+203.34 4862  -.000"
t -4818 -.047
0 001" 963

pre 19.2146.07 22.43+6.96 1179 -.252

ost 15.8647.08 21.66+3.52 2523 -020"
TUG(sec) pt 3.541 420
0 005" 683

pre 17.1243.79 17.82+4.11 -426 673

ost 11.9642.8 17.2244.36 -3.404 003"
LOMWT (sec) P t 11.689 - 565
D 000" -583

EG: Experimental Group; CG: Control group
LOS: Limit of Stability; TUG: Time Up & Go Test; 10MWT: 10-Meter Walk Test
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[Fig. 7] Change of 10-Meter Walk Test for Each Group

4. Discussions

This study was conducted to present an effective rehabilitation training way for stroke patients, and
to investigate the result of dual motor task gait training on the gait and balance of stroke patients. To
determine the effect of training, each training was applied and physical function was evaluated through
static balance function, dynamic balance function, and gait function evaluation. Dual-tasks are
required to handle two or more tasks at the same time, and it is more efficient in that it solves a large
amount of tasks in the same amount of time than performing only one task at a time[15]. However,
since concentration must be distributed to two tasks, a phenomenon of relative attention decline
appears, which is called dual-task interference[16]. Stroke patients show an increased dual-task
interference associated to the general population. To reduce the dual-task interference effect, dual-task
training should be conducted.

According to previous studies, when the dual-task of performing balance training along with upper
body control was provided, posture movement decreased compared to the case of balance training
alone, and were reported that the dual-task had a helpful result on gait and balance of chronic stroke
patients[17]. In addition, a comparison of balance through dual-task training and single task training in
11 stroke patients confirmed that stability was increased in the dual-task group[18]. In addition, as the
outcome of conducting single task training and dual-task training for an elderly with balance
problems, it was confirmed that the sense of balance of the elderly with dual-task training increased
significantly related to the group with single task training[19]. The results that dual-task training
improved balance ability were derived, consistent with previous studies. These results suggest that by
adding an additional motor task during gait training, the occurrence of conscious concentration that
appears when maintaining balance was reduced, postural fluctuations were reduced and postural
stability was improved[20]. It is thought to be helpful in reducing postural fluctuations and enhancing
balance ability by reducing the influence of concentration on the upper central nervous system on
postural control and improving postural stability by converting into exercise task performance.

According to previous studies, walking speed improved in the experimental group that performed
dual-tasks during gait in stroke patients[21]. In addition, it was said that gait function was improved
when training for stroke patients and training for dual-tasks[22]. These studies were consistent with
this study. From these results, it is believed that postural perturbation was reduced by improving
balance function through dual-task training, resulting in more stable function, gait speed was improved
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in the experimental group. However, in other previous studies, it was not consistent with the outcomes
of this research because dual-task training did not affect gait speed, but it was effective in functional
gait evaluation[23]. As such, dual-task training is thought to be in effect in refining the quality of gait
rather than the speed of gait. Dual-task gait training also led to the improvement of the quality of gait,
which is believed to have affected gait speed. Also in this study, the surge in gait speed affected step
length and stride measurement. Although the gait patterns of stroke patients vary greatly among
individuals, they generally tend to show a more gradual gait speed than the general population. This
was attributed to a decrease in stride length and a shortened cadence for the slow gait speed of stroke
patients[24]. Thus, it is thought that the dual-task training supplemented the asymmetrical gait in the
stroke patient's gait and changed the gait speed and gait patterns. The following are the study's
limitations: First, it is challenging to simplify to hemiplegic patients due to the limited number of
subject. Second, due to the short treatment duration and low frequency, it was impossible to assess
how long the real effect lasted. Third, because it marks patients who are hospitalized and experiencing
recovery, it is difficult in managing various therapies like electrotherapy and occupational therapy.
This is likely to have an impact on the research findings.

5. Colclusions

This research were directed to identify the outcome of solo assignment training and dual motor task
training on balance and gait function with chronic stroke. An experimental group's static and dynamic
balance, as well as gait function, had been substantially enhanced, and it was proven that the dual
motor task training group were more efficient than the solo task training group. During dual-task
training, the presentation of the remaining responsibilities may decrease by focusing on only one task.
Therefore, dual-task training applying exercise tasks is thought to develop the balance and walking
skill of chronic stroke patients. For the future, it is hoped that dual-task training combined with
exercise tasks will be conducted to develop the balance and walking skill of stroke patients in clinical
training. It is crucial to increase the number of subjects to generalize the effect of training. In addition,
it is necessary to increase the training period to determine the lasting effect of training.
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