
788

J Int Acad Phys Ther Res 2015; 6(1): 788-794
ISSN 2092-8475

www.iaptr.org
http://dx.doi.org/10.5854/JIAPTR.2015.03.31.788

Stroke is a disease where partial loss of brain
function occurs due to ischemia or hemorrhage; it
induces a number of functional disabilities, such
as muscle strength weakening, rigidity, pain, and
balancing disorder(1). Among these, the occur-
rence of balancing disorder is caused by loss of
ability to harmoniously use vestibular sense,
somesthesia, proprioceptive sense, etc., thus
diminishing the capacity of the central nervous
system(which integrates the received sensing

information with the motor system), and leading
to abnormal tonus of muscle(2, 3).

The ability to move weight in diverse postures
and directions is important for performing daily
activities. Patients with stroke face an increased
risk of falling due to asymmetrical weight bearing;
difficulties in walking limits their performance of
daily activities(4, 5, 6, 7). 

For normal walking, it is necessary to have the
ability to symmetrically distribute weight bearing
on the less affected side’s lower limb, and the
more affected side’s lower limb during the standing
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This study examines changes in walking ability among patients with stroke
after applying dual-task training under the condition of visual control and
unstable supporting ground; the purpose is to provide reference data for
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ble supporting ground dual-task(UDT) group(9 patients); all of the subjects
received 30-minute trainings, three times a week for a total of four weeks.
A Timed-Up-and-Go(TUG) test was performed to investigate the change of
walking function among the subjects, and a 10m walking test was conduct-
ed to measure their walking speed. According to the study results, all three
groups showed significant differences after dual-task training; the dual-task
training group under the condition of visual control and unstable supporting
ground showed the most prominent change. This study confirmed that
dual-task training using visual control and unstable supporting ground has
a positive impact on the walking ability of patients with stroke. Through the
study results, we found that implementing dual-task training under the
condition of visual control and unstable supporting ground can more effec-
tively improve the walking ability of patients with stroke, rather than per-
forming visual control dual-task training or unstable supporting ground
dual-task training only.
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position. Allowing hemiparalysis patients to have
weight bearing on the affected side’s lower limb
makes them perceive their legs, improves their
sensory function, normalizes the muscle stiffness,
and decreases spasticity.

Patients with stroke have diminished balancing
ability due to the biased standing on the less
affected side’s lower limb(8), and they experience
increased swaying in the static standing position
(9). Moreover, patients with stroke show loss of
ability to control the central nervous system, as
well as excessive tonus of muscle, such as rigidity.
In addition, they tend to experience incongruity of
movement and antagonism, and the loss of pro-
prioceptive sense and balancing sense(10). This
makes it hard for them to control normal posture,
which is an important reason for diminished
walking ability(11, 12).

Vision is the sensory input that posture control
depends upon most, and it plays the most impor-
tant role in controlling posture(13). Since we can
stand with our eyes closed or we can stand still in
a dark room, however, posture control does not
necessarily require vision. Moreover, visual infor-
mation can be misinterpreted by our brains. The
visual system has difficulty in determining
whether the surroundings are moving or the per-
son himself/herself is moving. Hence, not only the
visual sensor, but also the somatic sensor and the
vestibular system are important in posture control
in a standing position(14). Meanwhile, patients
with stroke tend to overly depend on vision, and
such excessive visual dependence eventually
causes posture imbalance(15).

According to Shumway-Cook and Wollacott(16),
posture control depends on the somatosensory
information coming from the foot that contacts
the supporting ground. If external disturbance is
increased by providing unstable supporting
ground, postural orientation ability effectively
changes and the sensory and motor system
become capable of more prompt correction, which
helps the postural strategy for posture control.
Unstable supporting ground and stable supporting
ground provoke different somatic sensors. Hence,
an effort to maintain standing balance on an
unstable supporting ground itself helps to develop
diverse reaction forces, activating all of the ten-
don, ligament, and joint receptors(17).

The recovery of independent balancing and
walking ability after a stroke is a common goal of
patients and therapists(18). A number of previous
studies have aimed to develop intervention meth-

ods for improving the balancing and walking abil-
ities of patients with stroke(19, 20, 21).
“Dual-task training” refers to a training regime
where a subject performs one task while perform-
ing another one, or continuously performs two or
more tasks(22). Research on dual-task training
can be largely divided into two groups. The first is

“dual cognition task training,” where a subject
performs cognition tasks or mental tasks(such as
answering questions, calculating numbers, or
suggesting vocabularies) while walking, or main-
taining a standing position at the same time(23).
The interaction between posture control and
attention and cognition during this process was
investigated by Muhaidat et al.(24). The second
group includes choosing objects while walking on
a treadmill(25) or moving plates and cups during
walking tasks(26, 27). In these dual-exercise task
trainings, the changes in walking speed and stride
length during walking are examined in order to
investigate the patients’ functional recovery and
prognosis. As such, dual-task research is used to
focus on the evaluation of balance and posture
control of patients with neurological damage, and
the verification of the effectiveness of walking
training(28).
However, research on the balancing and walking

ability of patients with stroke that simultaneously
considers visual control and supporting ground
conditions in performing dual-task exercises
related to posture control factors is very rare as of
now. In order to enhance the effects of dual-task
training, visual influence(29) and supporting
ground influence(30) are very important.
Hence, this study implemented dual-task train-

ing that simultaneously considers visual control
and supporting ground conditions on patients with
stroke for the purpose of investigating its impact
on walking ability.

Among the patients with stroke who received
rehabilitation treatment at Rehabilitation Hospital
B in Gyeonggi-do, South Korea during the period
from May 2014 to July 2014, 29 patients were
selected; all patients understood the purpose and
contents of this research and agreed to participate in
the experiment. The research subjects were divid-
ed into a visual control and unstable supporting

Subjects
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ground dual-task(VUDT) group, a visual control
dual-task(VDT) group, and an unstable support-
ing ground dual-task(UDT) group. These groups
had 10, 10, and 9 subjects, respectively; they each
received 30-minute trainings, three times a week
for eight weeks<Table 1>.
The VUDT group performed a training in which

they stood on stable ground and carried out cog-
nition tasks while maintaining posture after
removing visual information by covering their
eyes with eye patches, and a training where they
performed a cognition task while maintaining bal-
ance on an unstable supporting ground(a balanc-
ing pad), each of which was performed for one set.
The cognition tasks were implemented three times
a week, as suggested by previous studies. In addi-
tion to this, conservative treatment was imple-
mented, and the tasks were reformed such that
the difficulty level matched the patients(31). 

The VDT group performed a training in which
they stood on stable ground and performed the
previously mentioned cognition tasks while main-
taining posture after removing visual information
by covering their eyes with eye patches for two
15-minute sets. 

The UDT group performed a training in which
they carried out the previously mentioned cogni-
tion tasks while maintaining balance on an unsta-
ble supporting ground for two 15-minute sets. 

The inclusion criteria for the research subjects
included those who had received a stroke diagno-
sis more than six months previously; those who
were capable of walking more than 100m; those
without neurological disease such as amblyopia,
dizziness, and vestibular function abnormalities;
those with Mini-Mental State Examination–
Korea(MMSE-K) scores over 24; and those with-
out orthopedic disease in the lower limbs.

TUG
The Timed-Up-and-Go(TUG) test is a test that

measures functional mobility and balancing abili-
ty. In this study, the time was measured in which
the research subjects sat down in an armchair,
stood up at the tester’s signal to walk 3m, and
returned to sit down again. After practicing once,
the subjects repeated the test three times, and the
average value was used as the TUG performing
time. The TUG test generally takes about 7–10
seconds for a healthy, normal elderly person on
average; a time exceeding 30 seconds is known to
indicate dependent moving ability or disability to
independently carry out outdoor exercise(32). The
TUG test reportedly has high reliability, with an
intra-rater reliability of r=.99 and inter-rater
reliability of r=.98(33).

10m walking speed test
A 10m walking test was conducted in order to

examine the subjects’ walking speed. The subject
walked a total 13m; their time to do so was meas-
ured using a stopwatch after excluding 1.5m from
each of the predetermined beginning points and
arrival points. The experiment subjects received
information about the test beforehand, and were
told that they should walk at their ordinary walk-
ing speed until they arrived at the finishing point.
Measuring walking speed within a 10m distance is
known to have high intra-rater reliability as well
as inter-rater reliability(r=.89~.100).

Collected data were processed using the PASW
program(ver. 18.0) for data treatment and
hypothesis testing according to the research pur-
pose. First, a test of normality was performed on
the total subjects’ data, whose results indicated
normal distribution of every variable. Second, for
comparing the within-group and between-group
difference after applying the dual-task training,
Two-way Repeated Measure ANOVA was con-
ducted. The statistical significance level was set at
α<.05 in this study. 

The study examined the changes in walking ability 

Measurement tools

Data analysis

Day 1

Day 2

Day 3

Randomly speaking numbers

Counting backward

Memorizing backward(number, months, day of

the week, etc.)

Memorizing objects

Speaking objects or words

Completing sentences

Speaking words backward

Storytelling(explaining with long sentences)

Mimicking sentences

1.

2.

3.

4.

5.

6.

7.

8.

9.

Cognition task program

Table 1. Cognition task components

RESULTS
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after implementing dual-task training on patients
with stroke under the conditions of visual control
and unstable supporting ground.
1. General characteristics of the research subjects 

2. Within-group and between-group comparison
of the three groups in their walking ability before
and after the training

All of the walking ability items showed signifi-
cant differences after the training in each of the
three groups(p<.05). Among them, the VUDT
group showed the largest improvement. As for the
between-group difference, the VUDT group
showed significant improvement in both the TUG
test and 10m walking speed(p<.05). Table 2 pres-
ents the within-group and between-group com-
parisons of the three groups in their walking abil-
ity<Table 3>.

According to the experiment results, which
examined walking ability by applying dual-task
training to patients with stroke under the condi-
tion of visual control and unstable supporting
ground, walking ability improvement was
observed in all three groups; among these, the
VUDT group showed the most prominent
enhancement.

Bowen et al.(23) reported that walking speed
decreased when subjects performed secondary
tasks while walking at a steady speed. Silsupadol

DISCUSSION

Age 

MMSE-K

Gender 

Male 

Female 

Diagnosis 

Infarction 

Hemorrhage 

Paralyzed side

Left 

Right 

55.70±11.92

26.90±1.85

5

5

6

4

6

4

55.30±7.48

26.50±1.78

4

6

4

6

4

6

52.56±11.43

26.33±1.58

5

4

5

4

6

3

.72

.68

χ2

.788

χ2

.645

χ2

.471

VDT(n=10) UDT(n=9)VUDT(n=10)Category F

Table 2. General characteristics of the research subjects (n=29)

TUG

10m gait velocity

Before training

After training

Change 

p

Before training

After training

Change

p

21.90±12.70

17.96±11.70

-3.94±1.51

.000

19.15±8.58

14.95±7.16

-4.20±1.60

.000

22.06±14.43

19.83±13.96

-2.23±.70

.000

23.31±19.03

20.45±18.33

-2.86±.93

.000

18.20±7.77

16.03±7.72

-2.17±.31

.000

19.21±10.64

17.53±10.27

-1.68±.54

.000

9.992

11.862

VDT (n=10) UDT (n=9)VUDT (n=10)Category F

.001

.000

p

Table 3. Within-group and between-group comparison in walking ability before and after the training (n=29)
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et al.(31) reported, in an experiment with a sample
of elderly people who had balancing damage, that
walking speed decreased in training groups that
had received dual tasks under three different con-
ditions. Kizony et al.(25) conducted an experiment
where a single-task training group performed a
single-task training of walking on a treadmill,
while an experiment group performed dual-task
training of walking on a treadmill and selecting
objects through the screen in a virtual reality
environment. They showed that the single-task
walking group showed improved walking speed,
while the dual-task training group showed
improvement in both walking speed and stride
length. Marigold and Eng(34) conducted an exper-
iment on 28 patients with stroke and 28 people
without stroke to investigate the visual depend-
ence of the stroke patients. The study reported
that the patients with stroke excessively depended
on vision; the authors argued that the task of
closing the eyes has the potential for improving
balance among patients with stroke. Walker et al.
(35) argued that there is a correlation between
walking speed and TUG score. Considering that
TUG test scores also increased in this study, we
conjecture that walking ability was improved.
Haart et al.(36) reported that the provision of
inner- and outer postural sway to patients with
stroke by using a dual-plate force platform not
only reinforces standing balance, but also has a
positive impact on recovery. Matsusaka et al.(37)
implemented balancing disk training combined
with tactile stimulation on patients with function-
al ankle joint instability, and found that the time
required for the body swaying degree to be nor-
malized decreased. Irion(38) argued that a training
on unstable supporting ground better stimulates
posture control and dynamic balancing compared
to training on stable supporting ground. 

Similarly to these previous studies’ results, the
significant difference observed in the dual-task
training group in this study can be attributed to
the task training related to the body trunk control
and active control of muscles that effectively
improves walking factors in a positive direction
following the intervention period(39). We believe
the active reinforcement of lower limb muscles
through diverse control of muscle activities caused
the significant difference in certain walking vari-
ables. Moreover, although every group showed
significant differences after dual-task training,
the dual-task training group under the condition
of visual control and unstable supporting ground

showed the most prominent change. Future
research on functional walking evaluations that
can examine the qualitative change of walking
will be meaningful.

This study confirmed that dual-task training
that uses visual control and unstable supporting
ground affects the walking ability of patients with
stroke. We conjecture that dual-task training that
incorporates cognition tasks not only improves the
balance and walking ability of patients with
chronic stroke, but also enhances their cognitive
ability. 
This study did have some limitations. The eight-

week research period for investigating the train-
ing effects was relatively short, and the lack of a
follow-up study means that we were unable to
know how long the effects lasted. In addition, the
study could not sufficiently control for the dual
tasks or mobility that the subjects carried out in
the course of their daily routines, and the sample
size was not large enough to generalize the study
results to all patients with stroke. 

This study confirmed that dual-task training
that uses visual control and unstable supporting
ground has a positive impact on the walking abili-
ty of patients with stroke. Through the study
results, we found that implementing training
under the conditions of visual control and unsta-
ble supporting ground can more effectively
improve the walking ability of patients with stroke
in the future, rather than performing visual con-
trol dual-task training or unstable supporting
ground dual-task training only.
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