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The Effect of Treadmill Training Applied Simultaneously with
Action Observation on Walking Ability in Chronic Stroke
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Purpose: To investigate the effect of treadmill training applied simultaneously with gait related action observation on walking ability in
chronic stroke patients.

Methods: Sixteen chronic stroke patients participated in this study. Participants were randomly allocated into either the treadmill ap-
plied simultaneously with action observation training group (TAG) or treadmill applied simultaneously with landscape observation train-
ing group (TLG). The participants in both group underwent treadmill training for four weeks (a total of twelve minute, once a day, three
times weekly for a four week period). All participants were measured to gait speed (10 m walking test, 10 MWT), gait endurance (6 min-
ute walk distance, 6 MWD), dynamic gait index (DGI). In order to assure the statistical significance of the results, we used for SPSS 15.0
for windows. The Wilcoxon signed ranks test was used to compare pre-test and post-test result, and the Mann-Whitney U-test was em-

ployed for comparison between groups.

Results: The 10 MWT, 6 MWD, DGI was significantly different between the TAG and the TLG group.
Conclusion: According the results of this study, treadmill applied simultaneously with action observation (TAG) is effective intervention

for improvement of walking ability in chronic stroke patient.
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INTRODUCTION

Stroke is a prevalent neurologic disease that causes physical func-
tional disorders and social disadvantages.' The disabilities caused
by stroke vary depending on the severity and region of the damage;
however, the symptoms generally include motor and sensory paral-
ysis, cognitive impairment, and visual impairment.” The pathologi-
cal characteristics of a stroke include muscle weakness due to paresis
of the musculoskeletal system, abnormal movement patterns, and
balance impairment.** These lead to motor control disorders and,
eventually, limitations in functional activities, such as walking, that
are necessary to stroke patients for their daily activities at home or
in the community.>”

The independent walking function of stroke patients requires the

ability to maintain balance during walking.*"' Sufficient walking
speed for various environmental and social situations and endur-
ance to walk a certain distance are also important factors for leading
an independent life."”"* Recent approaches to overcoming such
walking abilities differ from the existing neurophysiological and
neurodevelopmental approaches in that they are focusing on the
functional purposes, and they are bringing many changes to the
therapeutic approaches on stroke patients."

Task-oriented training has shown to be more effective than the
traditional approach in improving the functional activity of stroke
patients. Repetitive task-oriented training improves the control of
movements in daily activities or nerve roots, and recovers the motor
skills.'*"” Treadmill training is one of the task-oriented training

methods that involve repetitive walking practices, and its effective-
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ness has been proven in many previous studies."®** Other studies
have reported that treadmill training is effective in improving the
walking speed and endurance of stroke patients.*" It also shows bet-
ter results compared to other methods, such as neurodevelopmental
treatment or proprioceptive neuromuscular facilitation.”

Stroke patients with limited motor ability have a harder time par-
ticipating in physical therapies. For this reason, they have limited
exposure to experience-based neuroplastic input that is necessary
for recovery.” In order to overcome such limitations, recent evi-
dence supported the effectiveness of action observation training
during the post-stroke relearning process of functional tasks.”**
Action observation training is used to improve the motor skills of a
patient with motor disorders through the activation of the mirror

26,27

neuron system.”*” Other studies have also supported the effective-

ness of action observation training for the improvement of walking
ability and balance ability in stroke patients.***

When healthy subjects were observed while walking and crossing
over obstacles on a treadmill, the anterior tibialis and soleus muscles
showed the same reflex control as crossing over actual obstacles.
This was reported as a form of spinal cord excitation that corrects
the prepared actions within the action pattern ranges of near future,
and modulates the reflex adaptations and estimated movements
during action observation.”*> When action observation was applied
while walking on a treadmill, the orders from the upper motor neu-
rons are controlled by the observed actions, and they do not inhibit
the lower neurons. This control reacts largely to the changes caused
by the mirror properties of the pyramidal tract neurons, and reflects
the actions estimated from the action observations. The reports also
suggested that reactions to changes have to offer the same stimula-
tions, such as task-specific reactions or reflexes, as observing actual
actions of crossing over obstacles, and that when the actions were
observed while walking, the same spinal cord excitation corrected

3133 However, most studies on action observation

the movements.
are followed by physical training while imagining and copying the
said actions. There are only a few studies that approach the action
observation and physical training of stroke patients at the same
time. In this study, we aimed to investigate the effects of action ob-
servations and treadmill training applied at the same time on the

walking ability of stroke patients.
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METHODS

1. Subjects

This study included 16 inpatients of C Rehabilitation Hospital,
which was located in Gwangju. They have been diagnosed with
post-stroke hemiparesis. Medical records of the included patients
were checked in order to verify the eligibility according to the fol-
lowing criteria.

For inclusion in this study, subjects had to meet the following cri-
teria: six months or more had passed after a stroke was diagnose;
over 24 points in score of K-MMSE; ability to walk over 10m with-
out assistance; ability to train on a treadmill for 20 minutes; without
the presence of other neurological or orthopedic damages; and
without optical or general sensory disorders.

All participants were sufficiently informed on the details of the
study, and they voluntarily agreed to participate. The study protocol
was reviewed and approved by the Institutional Review Board. The
purpose and method of the study were explained before data collec-
tion, and written agreements were obtained from every participant.
All 16 participants signed a written agreement before participating
in this study.

The 16 stroke patients were randomly allocated to two different
groups. The TAG (n= 8) underwent treadmill training while watch-
ing a video related to walking. Meanwhile, the TLG (n=8) under-
went the same training, but watched a video of a scenery. The train-
ing sessions took place 3 times a week for 4 weeks, thereby amount-
ing to a total of 12 sessions. Both groups were evaluated before and
after the 4-week training by using functional assessment tools, such
as 10-m walking speed test (10 MWT), 6-minute walking distance
(6 MWD), and dynamic gait index (DGI) (Figure 1).

Ethical approval was obtained to commence this study from the
Biomedical Ethics Committee of Honam University. The approval

number was 1041223-201601-HR-003.

2.Experimental methods

1) Measurement

(1) IOMWT

10 MWT is a very useful method for measuring the walking speed
of chronic stroke patients with a high inter-rater and intra-rater reli-
ability (r=0.95-0.96).** The subjects were instructed to walk a dis-

tance of 14 m both in a comfortable gait and a quicker gait. Then,
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‘ Participants (n=16) ‘

:

\ Pre-test (10 MWT, 6 MWD, DGI) \

:

‘ Randomized assignment ‘

/\

Experimental group:
TAG (n=8)

\
Treadmill training applied simultaneously
with Action observation
(a total of 20 minutes, once a day, 3 times
weekly for a 4 weeks period)

\

Control group:
TLG(n=8)

\
Treadmill training applied simultaneously
with landscape observation
(a total of 20 minutes, once a day, 3 times
weekly for a 4 weeks period)

[

v

Post-test
(10 MWT, 6 MWD, DGI)

Figure 1. The study flowchart.

10 MWT: 10-min walk test, 6 MWD: 6 minute walking distance, and DGI: dynamic gait index.

the time duration for the middle 10 m was measured (the 2 m at the
beginning and end are excluded for acceleration and deceleration).
The test was repeated 3 times and the average duration (s) was se-

lected for the result.

(2) 6MWD

The start and end points of a 30 m distance were marked on an in-
door flat surface, and the participants were instructed to walk be-
tween the points as many times as possible for 6 minutes. An objec-
tive assessor informed the patient of the remaining time each min-
ute. The result was measured by recording the total walking dis-
tance from the start to the end in meters. Six MWD has a high reli-
ability of r= 0.91.%°

(3) DGI

DGI is a standardized assessment tool that evaluates the balance
while walking of patients or elderly subjects with damaged balance
ability. It can also evaluate changes in the gait as reactions to walk-
ing tasks, and it has a high reliability of r= 0.96.* DGI consists of 8
walking tasks that include walking on a flat surface, walking at vari-
ous speeds, walking with the head turned vertically or horizontally,
walking through or around obstacles, and walking on stairs. Each
task is graded 0-3 points based on the performance, and the total

score may vary between 0 and 24. Subjects with scores over 22 are
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Table 1. Gait related action observation video

1. Treadmill walking video
2. Indoor walking video
3. Outdoor walking video
4. Ascent walking video
5. Downhill walking video
6. Avoid obstacle video
7. Skipping obstacle video

8. Uneven surface walking video

considered safe while walking, and scores under 19 may be consid-

ered as “elderly with risk of fall”.

3. Intervention

The TAG watched a video of walking motions while training on a
treadmill for 20 minutes, and the TLG underwent the training while
watching a video unrelated to walking. All subjects started the train-
ing by walking on the treadmill at their chosen speed. After each
training session, the treadmill training speed was increased by 10%.”
A study investigator stood beside or behind the participant during
the training in order to prevent any unexpected falls. The video used
in the TAG showed walking at 0.8 m/s (speed sufficient for indepen-
dent activity in various environments) and 1.1-1.5 m/s (speed suffi-
cient for normal social life and crossing the street with a traffic light)
which was shot from the front, side, and back. The action observation

video of TAG included 8 tasks of walking (Table 1) (treadmill walking
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video, indoor walking video, outdoor walking video, ascent walking
video, downhill walking video, avoid obstacle video, skipping obstacle

2829 The video was 20 minutes

video, uneven surface walking video).
long and shown 12 times during 4 weeks (20 minutes per session, 3
times a week). The TLG was shown a video with shots unrelated to
walking, such as the scenery of mountains, fields, and beaches. This
video was also shown 12 times during 4 weeks. The study investigator
gave instructions such as: “Please look at the person in the video while
walking” or “Please notice how the legs in the video move passing
over the obstacle.” in order to make sure that the participants are fo-

cused on the screen during treadmill training.

4. Statistical analysis

The statistical analysis of the data obtained was performed by us-
ing SPSS for Windows Ver. 15.0. The general characteristics of the
subjects were analyzed by using descriptive statistics, and the differ-
ences in age and disease period (months) between the action obser-
vation treadmill training group and the landscape observation
treadmill training group were analyzed through the use of an inde-
pendent t-test. The normal distribution of the data was tested by us-
ing the Shapiro-Wilk test. The results from evaluations before and
after the intervention and posttest results did not show a normal
distribution; therefore, the Wilcoxon signed-rank test was used to
investigate the difference between before and after the intervention.

The results before and after the training were compared by using

Table 3. The comparison of variances within in each group

JKPT

the difference between the values in the Mann-Whitney U-test. The

p-value was set at 0.05.

RESULTS

1. General characteristics of study objects

A total of sixteen subjects, 14 men and 2 women, participated in this
study. The average age was 56.25 in the TAG and 59.75 in the TLG
(Table 2).

2. Changes before and after the experiment between groups,
changes within group
The results of the comparison are shown in Table 3,4. The 10 MWT

of both groups showed a significant difference in the results taken

Table 2. General characteristics of the participants

TAG (n=8) TLG(=8) p
Gender Male 7 7
Female 1 1
Hemiplegic side Right 5 4
Left 3 4
Stroke type Hemorrhage 3 4
Infarction 5 4

32.25+26.92 41.12+29.62 0.587
56.25+8.2  59.75+10.06 0.473

Time since stroke (month)
Age (years)

Mean=SD.
TAG: Treadmill training applied simultaneously with action observation, TLG:
Treadmill training applied simultaneously with landscape observation.

, TAG LG
Variable
pre-test post-test z p pre-test post-test z p
10 MWT 19.35+45 13.61£3.26 -2.521 0.012" 18.80£4.35 15.96+3.33 -2.521 0.02*
6 MWD 212.25+8294 24525+82.48 -2.524 0.012* 211.5+5926 231.62+63.66 -2.524 0.013"
DGl 17.13+£4.05 20.50+£3.16 -2.536 0.011* 15.87+2.64 16.87+3.22 -2.271 0.023"

TAG: Treadmill training applied simultaneously with action observation, TLG: Treadmill training applied simultaneously with landscape observation.

*p<0.05.

Table 4. The comparison of variances between each group

Variable TAG TLG z p
1T0MWT Pre-test 19.35+45 18.8+4.35 -0.105 0.916
Post-test 13.61£3.26 15.96+£3.33 -2.521 0.012*
6MWD Pre-test 212.25+82.94 211.5£59.26 .000 1.00
Post-test 24525+82.48 231.62+63.66 -1.841 0.065
DGl Pre-test 17.13£4.05 15.87+£2.64 -0.532 0.595
Post-test 20.5+3.16 16.87£3.22 -3.12 0.002*

TAG: Treadmill training applied simultaneously with action observation, TLG: Treadmill training applied simultaneously with landscape observation.

'p<0.05; *p<0.005.
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after the training, as compared to those taken before the interven-
tion. The TAG showed a more prominently significant difference,
as compared to the TLG. Although both groups showed a signifi-
cant difference in the post-training 6 MWD results, there was no
significant difference between the groups. DGI showed a significant
difference in the post-training results, and the TAG also showed a

significant difference in the comparison between the groups.

DISCUSSION

This study aimed to investigate the effects of action observation and
treadmill training applied at the same time on the walking ability of
stroke patients. Sixteen stroke patients were included in the study
and underwent 20 minutes training sessions 3 times a week for 4
weeks. Eight subjects were shown a video that included clips of
walking on a treadmill, on a flat surface indoors and outdoors, on a
slanted surface, around and over an obstacle, and on a lawn. The
other 8 subjects were shown a video with shots unrelated to walk-
ing, such as the scenery of mountains, fields, and beaches. After 4
weeks of training, the walking ability of the participants was as-
sessed by using functional assessment tools, such as 10 MWT, 6
MWD, and DGI.

The 10 MWT results showed an improvement of the TAG from
19.35+4.5 seconds to 13.61 + 3.26 seconds post-training. The TLG
also showed improvement from 18.8+4.35 seconds to 15.96 +3.33
seconds. The treadmill training is an effective method to improve
the walking speed of stroke patients.” Pohl et al.** divided the stroke
patients into 3 groups, namely, regular treadmill training group,
treadmill training group in which the speed was gradually in-
creased 10%, and traditional walking training group, and compared
the walking ability of each group. The study reported that only the
group with gradually increased speed showed a post-intervention
improvement from 0.66+0.42 m/s to 0.97+0.64 m/s. In this study,
the speed was gradually increased in both groups, which may ex-
plain the improvement of speed in both groups. The results that
showed a significant difference in the TAG may suggest that simul-
taneously showing videos of faster walking (0.8 m/s and 1.1-1.5 m/s)
may have provided a repetitive learning of the qualitative (normal
movements) and quantitative (normal walking speed) aspects of
walking, thereby improving the walking speed in comparison to

the TLG.
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The 6 MWD results showed significant post-intervention im-
provement from 212.25+82.94 m to 245.25+82.48 m and 211.5+
59.26 m to 231.62+£63.66 m in TAG and TLG, respectively. The
comparison between the groups showed that there was no signifi-
cant difference between them. In the study of Bang et al.** 10-min-
ute action observation training and 30-minute physical training
were conducted, and as a result a significant difference was shown
in 6 MWD between groups. However, in this study, it is thought
that there was no significant difference between groups due to the
20-minute of short intervention time of the treadmill applied simul-
taneously with action observation. In a previous study, the walking
distance that a subject can walk on the treadmill was compared
with the walking distance on the ground, and the result revealed
that treadmill training increased the walking distance that a subject
can walk for a short time. These study results mean that the move-
ment of lower limbs becomes larger during gait of the subjects due
to the treadmill belt continuously moving, and the short-time walk-
ing distance more increases as active efforts are required depending
on the speed of treadmill*** In this study, since the treadmill was
applied in both groups, there was a significant difference in 6 MWD
before and after intervention.

The DGI scores showed improvement in both groups. The TAG
group showed an increase from 17.13 +4.05 to 20.5 £ 3.16, while the
TLG group showed an increase from 15.87+2.64 to 16.87+3.22.
Park et al.” reported an increase of DGI score from 12.09+ 5.15 to
16.18+5.17 in the action observation followed by physical training
group. This result can be explained by the fact that the participants
observed various states of walking motions that are easily accessed
during daily activities, and then practiced walking under task-spe-
cific situations. In this study, the test group showed a more promi-
nently significant difference in item number 6 (crossing over an ob-
stacle) and item number 7 (walking around an obstacle). This im-
provement may be due to the fact that the motions of such items
were included in the video, and performing the treadmill training
while simultaneously observing various states of walking provided
the subjects with learning both the qualitative and quantitative as-
pects of walking, thereby causing the subjects to walk while estimat-
ing future motions.

In this study, we investigated the effect of treadmill training with
simultaneous action observation on the walking ability of a chronic

stroke patient. The results of this study revealed that the TAG

http://dx.doi.org/10.18857/jkpt.2016.28.3.176
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showed better improvement in walking ability, as compared to the
TLG. However, there are a few limitations. First of all, the number of
patients included in this study (n=16) is too small to generalize the
results to all stroke patients. Another limitation may be that the ex-
act mechanism of the mirror neuron system and spinal reflex has
not been fully discovered yet. Lastly, there are only a few existing
studies that applied action observation and physical training at the
same time, thereby making it difficult to conduct a proper compari-
son. In the future, clinical investigators should focus on studies to
provide a standard frame of physical training with simultaneous
action observation.

In this study, the walking abilities were evaluated by using func-
tional assessment tools, such as 10 MW time, 6SMWT distance,
and DGI score. As a result, both groups showed a significant differ-
ence before and after the training results, which may be explained
by the exercise effects of the treadmill training. The TAG showed a
significant improvement in 10 MWT time and DGI score, as com-
pared to the TLG. This suggests that walking on a treadmill while
watching a video about walking provides a qualitative and quantita-
tive learning of walking to stroke patients, and that the simultane-
ous action observation causes the patients to walk while estimating
future motions. In conclusion, TAG may be an effective interven-

tion for improving the walking ability of a chronic stroke patient.
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