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Purpose The aim of this study was to investigate effects of lower limb pattern exercises on balance and gait in patients
with hemiplegia after a stroke. Methods A 70-year-old right-side hemiplegic patient after a stroke who was hospitalized in
H hospital participated in this study. The intervention was applied 5 times a week for 3 weeks, 30 minutes per session,
from October 10 to 31, 2017. Results The time period of the post10M Walk Test was the same as that of the pre-test,
89 seconds. 99 seconds was recorded at the baseline of the Timed Up and Go test (TUG) and 93 seconds shown at the
post-TUG. The scores of Berg balance scale increased at the post-test from 19 to 27 points. Conclusion The intervention
which was emphasized with dynamic stability and mobility of the affected foot at the beginning of the intervention with
one leg stance exercise with dynamic control of the pelvis influenced the subject to achieve a more efficient and stable
walking pattern.
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I. Introduction
Since the majority of patients with strokes have a
wide variety of impairments such as insufficient sensory, balance deficits, motor and cognition, etc., their
activities of daily living become restricted.1) Moreover,
it is not uncommon for them to show an increase in
postural perturbation with impaired balance and decreased abilities to shift body weight to the affected
side, which can be causal factors in falls.2) The purpose of assessing postural control and gait velocity
are, in general, to evaluate progress.1) The typical features of hemiplegic walk contain reduced gait velocity
and asymmetry of joint angles in the lower limbs, step
length, stance and swing phase time. Therefore, difficulty in balance with an increased probability of falling and restrictions on activities of daily living and
taking part in activities in social communities are
doi : http:dx.doi.org/10.17817/2018.01.23.111234

developed.3) Moreover, hemiplegic patients struggle to
keep their center of mass (COM) in base of support
(BOS) so that by using the pelvis moving backward
during trunk movements alternatively, COM is maintained within BOS. Controlling COM to be in BOS can
be achieved when the various sensory inputs coming
from outside of the body are carried appropriately to
each body segment. The feet play a significantly important role in terms of receiving the sensory inputs
and maintaining balance. This is because the human
body segments are interconnected from the bottom to
the top. Consequently, a problem that happens in one
segment would influence the other body parts’
alignments.4) Walking difficulty, which is one of the
more significant problems patients with hemiplegia
has, is presented due to weakness of the affected side
of the body.5) Therefore, the purpose of this study
was to examine how to recover muscle weakness in
the affected side of the body through sensory information given by a physical therapist, and was to
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clarify whether it can ultimately benefit balance and
gait capacity.

II. Materials and Methods
1. Participant
This study was conducted with a 70 years old rightside hemiplegic patient after a stroke who was hospitalized in H hospital. The intervention was applied 5
times a week for 3 weeks, 30 minutes per session,
from October 10-31, 2017. The subject provided her
written informed consent to take part in this study prior to its commencement.
2. Measurement tools and outcome measures
1) Timed Up and Go test (TUG)
This test is used to assess the fundamental mobility
and balance quickly. The procedure is as follows: 1) a
subject sits in an armchair, 2) stands up and walks
forward 3 meters, 3) turns around at the turning spot,
4) walks back to the place the subject came from, 5)
sits down in the armchair again. The meaning of taking above 30 seconds in this test is that the subject
cannot do any activities alone due to a lack of basic
mobility capacity. The intra-rater reliability was r=.99
and inter-rater reliability was r=.98.6)
2) 10M Walk Test

A subject walks 10 meters but should not stop at the
spot 10 meters from the starting line. A tester measures the time right after the subject passes the line of
2 meters from the starting line and stop measuring at
the line of 8 meters from the starting line. Therefore,
the tester measures walking time of a total of 6
meters.7)

40 points stands for a moderate balance disorder and
a score between 41 to 56 points stands for a mild balance disorder. This test was created to assess balance
for the elderly, but there is also use with high reliability in assessments for people with strokes. The intra-rater reliability was r=.98 and inter-rater reliability
8)
was r=.99.
3. Intervention
The intervention for this study is as follows:
1) Make a subject lie down, face up
2) A patient occupies wide base of support in supine
position
3) Hold one part of the affected foot with one hand
and make the other part of the foot move with the
other hand
4) Give diverse stimuli such as traction, compression,
mobilization to get better mobility in each toe
5) Make the subject sit on at the edge of the plinth
6) Make sure the subject sits tight and comfortably
7) Make the pelvis move without any movement of
other parts of the body
8) Guide the subject to stand up
9) Grasp the little toe with one hand to make it lift
first to lead dorsiflexion and eversion of the foot
10) Make the non-affected foot move forward steadily
to strengthen the affected foot in the stance phase
11) Move the non-affected foot to go back to the
place where the foot came from
12) Repeat forward and backward movement of the
non-affected foot several times

3) Berg Balance Scale (BBS)

BBS is a test used to assess balance quantitatively in
the elderly and consists of 14 different categories including diverse postures and activities that a subject
should complete within a limited time. The total score
is 56 points. A score between 0 to 20 points stands
for a severe balance disorder. A score between 21 to

Figure 1. Facilitating
intrinsic muscles

Figure 2. Pelvic movements
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Figure 3. Initiation of the
non-affected foot forward

Figure 4. Heel contact on
the floor

III. Results
After 3-week intervention period, the time period of
post10M Walk Test was as same as that of pre-test
which was 89 seconds. 99 seconds was recorded at
the baseline of TUG and 93 seconds was shown at
the post-TUG. The scores of BBS increased at the
post-test from 19 to 27 points.

IV. Discussion
Patients with hemiplegia have a high risk of falling
and difficulty with activities of daily living, due to diminished muscle strength and balance.9) It takes much
more time and a longer route for patients with hemiplegia to reach at a certain point, such as when doing
a reaching and grasping task.1) Moreover, recovering
balance and gait is vital for them to achieve a greater
quality of life and reduce the potential cost for long
term care. Therefore, through a proper and case-focused therapy, withdrawing plasticity is crucial in the
damaged areas in the brain that will improve
function.10) Patients with hemiplegia with balance deficit show utmost worsening on gait parameters, such
as a longer time and a greater number of steps when
performing all task conditions11) and use their hip to
control balance, so-called hip strategy, instead of ankle strategy because the ground reaction force was

changed which leads to the greater use of the hip
12)
flexors than the hip extensors. The previous study
found that 251 subjects who were inner-city-dwelling
older adults aged 60 to 95 years had score of 53
13)
(range from 29 to 56) on the BBS. In this study, the
subjects performed with better movement and maintaining postures after the intervention. This was because the intervention was focused on the sensory input at the beginning with diverse ways, resulting in
better sensory adoption. Since movement control
comes from better sensory information and conveying
the information to the brain, the intervention ultimately benefits in the enhancement of the somatosensory system. In the previous study, there was a significant decrease in an experimental group after a
stair-gait training. This is because dynamic balance
ability was improved from the stair-gait training which
was a walking in diversely different directions.
Besides, the stair-gait training had benefit on gait velocity in patients with hemiplegia from 0.44 m/s at be9)
fore -training to 0.75 m/s at after-training (p>.05). In
this study, the subjects came to perform better walking skills, such as going forward and turning, as well
as walking long distances in a reduced time after the
intervention. This is because the subjects trained in a
one-leg stance exercise, with better control of ankle
and foot, resulting in a better gait cycle and symmetric
gait, consequently leading to fast walking. Therefore,
the intervention which was emphasized in dynamic
stability and mobility of the affected foot at the beginning of the intervention with the one-leg stance exercise, with dynamic control of the pelvis, influenced
the subjects to achieve a more efficient and stable
walking pattern. Limitation of this study was that
proper and objective assessment equipment was not
used to get data. Future studies should be conducted
with more computerized measurement tools to show
objective data such as GAITRite to measure temporal
and spatial parameters of the gait cycle or electromyography to measure muscle activity. However, because this was a single subject study, the intervention
applied to the subject with hemiplegia was the main
issue to be appealed in this study.
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