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the gait ability in patients with chronic stroke 
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The purpose of this study was to investigate the effects of progressive 
treadmill cognitive dual-task training on gait performance in individuals 
with chronic stroke patients. Twenty-six participants with chronic hemi-
paresis were recruited to this study and randomly distributed into two 
groups: progressive treadmill cognitive dual-task gait training (PTCDG 
group, 13 patients), conventional treadmill gait training (CTG group, 13 
patients). All patients underwent 20 sessions of treadmill gait training 
with a harness (5 times per week, for a total of 4 weeks). The GAITRite 
was used to analyze gait kinematics, and 10-m walking test (10MWT) 

wear used as the clinical evaluation indicators. After training, PTCDG 
group showed significant improvement in gait velocity, cadence, single 
support time, and 10MWT compared to the control group. However 
there was no significant difference between the groups in the stride 
lengths in the affected and unaffected sides. The study verified that 
progressive treadmill cognitive dual-task gait training had a positive in-
fluence on the gait and clinical gait index in chronic stroke patients.
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INTRODUCTION

Cognitive function refers to the ability to understand things in 
everyday life, commencing a behavior, planning and thinking an 
action, and adapting to the environment while resolving an issue. 
Cognitive domains include concentration, memory, systematiza-
tion, problem solving, abstraction, and language use (Campbell et 
al., 1990). After 3 months from the onset of stroke patients, 25% 
of patients show dementia and 50%–70% of patients demonstrate 
partial cognitive dysfunction (Desmond et al., 2000).

Dual-task training requires a subject to perform multiple tasks 
at the same time and it emphasizes the role of concentration and 
cognition in posture and gait control (Silsupadol et al., 2006). 
Various studies have evaluated the interactions between cognitive 
tasks and motor tasks (Paul et al., 2009).

Studies on dual-tasks were conducted mainly by using cogni-
tive dual-task training design, which evaluates the interaction 
among posture control, concentration, and cognition by conduct-
ing cognitive tasks and intelligence tasks simultaneously such as 

giving proper answers, adding up figures, and making words 
while making a gait or standing posture (Bowen et al., 2001). 

The cognitive function of patients with stroke patients affects 
the gait and they must have cognitive abilities that can under-
stand and learn commands for successful rehabilitation. The inter-
ference between motor control activities while conducting two 
tasks (e.g., a cognitive task and gait) simultaneously is an import-
ant therapeutic environmental factor for independently improving 
the function of patients with neurological impairment. Therefore, 
a therapist must include both cognitive and exercise treatments in 
the rehabilitation therapy plan (Haggard et al., 2000).

Among recent studies on dual-task with stroke patients and 
Parkinson disease, Yang et al. (2007b) reported that dual-task gait 
training influenced the walking of patients with stroke patients 
positively. O’Shea et al. (2002) showed that applying cognitive 
tasks to patients with Parkinson disease with decreased motor 
ability while they were making postures or gait enhanced their 
cognitive task performance and improved their gait ability. Evans 
et al. (2009) evaluated the changes in gait according to the du-
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al-task training for 19 subjects with stroke patients. They revealed 
that the dual-task training group significantly improved the du-
al-task performance abilities in the daily life movements. Dennis 
et al. (2009) evaluated the velocity of patients with chronic stroke 
patients while conducting a motor-cognitive task and showed that 
the gait velocity was maintained while conducting a cognitive 
task and gait at the same time. 

The dual-task training is an important part of the gait training 
of patient with stroke patients in the task-oriented aspect and it 
should reflect the motor and cognitive functions in everyday life 
(Bowen et al., 2001; Melzer et al., 2007). Therefore, the objective 
of this study was to propose a new rehabilitation protocol for im-
proving the functions of patients with stroke patients by evaluat-
ing the changes in the gait ability after applying the progressive 
treadmill cognitive dual-task gait training to the patients with 
chronic stroke patients. This study hypothesized that progressive 
treadmill cognitive dual-task gait training would improve the 
gait function of participants compared to conventional treadmill 
gait training.

MATERIALS AND METHODS

Participant
This study was carried out with 30 subjects who visited Karis 

Hospital located in Bundang-gu, Seongnam city, Gyeonggi-do 

Province for treatment. The selection criteria were as follows: (a) 
patients who medically had stroke for at least 6 months, (b) could 
walk on treadmill for more than 30 min, (c) score on the Korean 
Mini-Mental Status Examination not lower than 24, (d) ability to 
walk independently without ant gait aid, and (e) voluntarily signed 
the study participation consent form before conducting the exper-
iment. This study excluded patients who suffered from a vestibu-
lar apparatus or cerebellum associated disease, who had visual or 
hearing impairment, who were taking medications that could in-
terfere with the gait ability, and who were judged to be inadequate 
by researchers. All procedures were approved by the Gimcheon 
University Institutional Review Board (GU-201801-HRa-02-01).

Protocol
This study used a pretest-posttest control group design. We 

conducted a pretest to the study subjects who signed the consent 
form 1 week before commencing the exercise program and a 
posttest was given to them after completing the 4-week training. 
The gait ability of these pretest-posttest subjects was measured by 
using the 10-m gait test (10MWT) and a gait analysis system. 

Sample size was calculated using the G*Power 3.1 the alpha 
levels set at 0.60 and 0.50, respectively, and the effect size of 0.80. 
Thirty subjects who met the selection criteria were randomly di-
vided into two groups to minimize the selection bias. Patients 
were randomized to the PTCDG group (A) or CTG group (B) by 

Fig. 1. Flow diagram of the study.

0 Lost to follow-up 0 Lost to follow-up
Follow-up

 13 Analysed
   ∙ 0 Excluded from analysis

 13 Analysed
   ∙ 0 Excluded from analysis

Analysis

10 Excluded
   ∙ 6 Not meeting inclusion criteria
   ∙ 4 Declined to participate

∙ 15 CTG group
∙ 2 Did not receive allocated intervention
   - 2 Refusals

∙ 15 PTCDG group
∙ 2 Did not receive allocated intervention
   - 1 Refusals
   - 1 Did not comply with intervention criteria

Enrollment

Allocation

40 Assessed for eligibility

30 Randomized
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an independent person who chose one of 30 sealed envelopes 30 
min before the start of the intervention, thus randomly allocating 
15 to the PTCDG group and 15 to the CTG group. Both groups 
trained 5 days per week and 30 min per day for 4 weeks. A pretest 
was given before starting the training and a posttest was given af-
ter completing the 4-week training (Fig. 1). 

When a subject was not capable of sustaining the training for 
30 min due to limited physical ability, the training stopped for 
the subject. If a subject expressed fatigue, pain, abnormal breath-
ing, or complexion change, the subject took 5-min break (Kesar 
et al., 2011).

Intervention
PTCDG group 

The progressive treadmill cognitive dual-task gait training group 
performed gait on a medical and rehabilitation low-speed tread-
mill with wearing a harness and progressively conducting cogni-
tive tasks at the same time. The speed of the treadmill was deter-
mined by a patient at the appropriate velocity for the patient to 
walk on the flat surface. When a patient was able to walk for more 
than 20 sec stably (Yang et al., 2007a), the velocity increased by 
0.1 km/hr per session (Ditor et al., 2005). 

The first-week cognitive tasks included speaking numbers task 
which asked a subject to speak numbers between 1 and 100 ran-
domly without repeating a number (e.g., 1-26-75-43-98). Color 
distinction asked a subject to answer as “Red-Yes & Blue-No” us-
ing experimental color plates while gait (Hollman et al., 2007). 
Counting numbers backward asked a subject to count numbers 
backward (e.g., 3-2-1 and 9-8-7-6) (Pellecchia, 2005).

The second-week cognitive tasks were arithmetic subtraction 
(e.g., 100-3 and 100-48), arithmetic addition (e.g., 100+7 and 
100+12), and word making, creating words using a given conso-
nant (e.g., ㄱ-고구마=seet potato, 과자=snack, 감자=porato, 가
위=scissors). 

The third-week cognitive tasks were memorizing objects, 
speaking objects or words, or completing sentences. Remember-
ing objects was to memorize and recite phone numbers, words, 
addresses, objects, and price (e.g., 010-7640-1234, desk, chair, 
and $2 worth of apple). Speaking objects or words was to say the 
names of mountains, countries, animals, etc. (e.g., Mountain – 
Mt. Baekdu, Mt. Halla, Mt. Sobaek, and Mt. Gyeryong). Com-
pleting sentences was to create diverse sentences using several 
words. 

The fourth-week cognitive tasks asked subjects to say three- to 
four-syllable words reversely, tell a story to another person with 

connecting sentences (e.g., telling what the subject did last night), 
and mimic a sentence, which was to speak a complex sentence 
harmoniously. 

During the 4-week training, these 12 tasks were given as week-
ly tasks. In the first week, each task was carried out for 5 min for 
each set and three tasks (15 min) were given for each set. Two sets 
were given for each day. Two physiotherapists participated in the 
training. One physiotherapist continuously assigned the task and 
the other physiotherapist placed his hand on the emergency stop 
button on the right side of the treadmill to respond to a potential 
safety accident during training. When a subject showed or ex-
pressed fatigue, pain, breathing abnormality, and changes in com-
plexion, the subject took a rest for 5 min.

CTG group 
The conventional treadmill gait training group had gait train-

ing at the speed desired by a subject without conducting a cogni-
tive task, with wearing a harness. Subjects in this group conduct-
ed a gait training with wearing a suspension device on a treadmill 
(QUASAR MED, HP COSMOS, Nussdorf-Traunstein, Germany), 
which provided a 0% weight support condition. When a patient 
was able to walk for more than 20 sec stably (Yang et al., 2007a), 
the velocity increased by 0.1 km/hr per session (Ditor et al., 2005). 

Measurements
The 10MWT is an easy and simple method for predicting the 

gait ability of a patient with stroke patients (Dean et al., 2001). 
10MWT was a good method for evaluating the velocity, which 
reflected movement capability of patients with stroke patients, 
who had a stroke more than 6 months before, well. This study 
used a 10MWT and this test presents the velocity in seconds. 
Each patient completed the 10MWT test 3 times for an average 
value. The test-retest reliability for the stroke patients high 
(r=0.87) (Green et al., 2002).

GAITRite (CIR System Inc., Havertown, PA, USA) was used 
to measure the gait ability. GAITRite is an electric gait panel 
(length, 5 m; width, 61 cm; and height, 0.6 cm). A total of 16,128 
sensors are arranged vertically along the gait plate at every 1.27 cm 
to measure variables temporally and spatially. Each sensor is 1 cm 
in diameter. The equipment collects the load from the subject’s 
feet at a sampling rate of 80 Hz and sends the information to a 
computer via the serial interface cable. The information about the 
collected spatial and temporal variables was processed by the soft-
ware program. GAITRite allows researchers to measure the tem-
poral gait variables and the spatial gait characteristics of function-
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al gait index accurately through a computerized analysis. Mea-
surements are taken while a subject walks 11 m at a comfortable 
velocity. The measurements of the first and last 3 m are excluded 
and only the gait variables collected at the middle 5 m were col-
lected and used for the analysis. 

It was measured 3 times and a mean value was used for the study. 
A subject took a 3-min rest between each measurement to mini-
mize the effects on the muscle fatigue. The measuring person reli-
ability of this test is r=0.90, while the correlation coefficient of 
the comfortable gait measurement 0.96 or higher (van Uden and 
Besser, 2004).

Statistical analysis
Data analysis was performed using IBM SPSS Statistics ver. 

21.0 (IBM Co., Armonk, NY, USA). The normality of variables 
was assessed using the Shapiro–Wilk test. Age, height, weight, 
poststroke, and Mini-Mental State Examination were analyzed 
through independent t-tests. Chi-square testing analyzed the 
groups for gander, paretic side, and etiology. Paired t-test was used 
for within-group comparison and independent t-test was used for 
between-group comparison. The statistical significance level of all 
data was set to alpha=0.05.

RESULTS

The demographic characteristics of patients with stroke are pre-
sented in Table 1. There was no statistically significant difference 
between the groups regarding baseline demographic (Table 1). 
Table 2 showed significant paired difference in the all variable be-
fore and after training. Although insignificant, the percent in-
crease in the mean difference of all the variables was better PTC-

DG group than the CTG group (Tables 2, 3). After training, gait 
velocity was significantly increased in the PTCDG group than in 
the CTG group. The change values amount before and after train-
ing was -9.11 cm/sec and -5.08 cm/sec, respectively. Cadence 
showed a significant improvement in the PTCDG group (change 
values, -9.02 step/min) compared with the CTG group (change 
values, -4.35 step/min). However, stride lengths in the affected 
and unaffected sides were not significantly different between the 
two groups. The single affected single support time and unaffect-
ed single support time significantly increased in the PTCDG 
group (change values, -6.92%, -7.92%, respectively) than in the 

Table 1. Demographic characteristics of patients with stroke (n= 26)

Characteristic Group Value P-value

Age (yr) PTCDG 52.62± 9.84 (36–69) 0.392
CTG 56.15± 10.82 (38–69)

Height (cm) PTCDG 166.48± 7.34 (155–178) 0.658
CTG 167.57± 4.81 (160–176)

Weight (kg) PTCDG 63.22± 8.05 (51–84) 0.724
CTG 64.42± 9.15 (52–83)

Post-stroke (mo) PTCDG 12.62± 3.52 (6–19) 0.430
CTG 11.46± 3.80 (6–18)

MMSE PTCDG 27.23± 1.69 (25–30) 0.680
CTG 27.46± 1.05 (26–29)

Gander, male:female PTCDG 8 (61.5):5 (38.5) 0.691
CTG 7 (53.8):6 (46.2)

Paretic side, right:left PTCDG 8 (61.5):5 (38.5) 0.239
CTG 5 (38.5):8 (61.5)

Etiology, infarction:hemorrhage PTCDG 7 (53.8):6 (46.2) 0.691
CTG 8 (61.5):5 (38.5)

Values are presented as mean± standard deviation (range) or number (%).
PTCDG, progressive treadmill cognitive dual task gait training group; CTG, conven-
tional treadmill gait training group; MMSE, mini-mental state examination.

Table 2. Differences in the pretest and posttest progressive treadmill cognitive dual task gait training group

Variable Pretest Posttest % Mean difference 95% CI df T-value P-value

Gait velocity (cm/sec) 42.37± 10.23 51.48± 10.02 -9.11 -11.08 to -7.13 12 -10.041 0.000*
Cadence (step/min) 71.44± 11.08 80.46± 11.47 -9.02 -12.31 to -5.74 12 -5.980 0.000*
Affected stride length (cm) 67.40± 12.23 77.14± 12.93 -9.74 -12.20 to -7.27 12 -8.597 0.000*
Unaffected stride length (cm) 67.38± 11.98 77.79± 13.22 -10.40 -12.51 to -8.30 12 -10.766 0.000*
Affected single support time (%) 21.46± 7.80 28.38± 6.33 -6.92 -8.48 to -5.35 12 -9.612 0.000*
Unaffected single support time (%) 30.92± 8.35 38.85± 6.88 -7.92 -10.80 to -5.04 12 -5.990 0.000*
Affected swing phase (%) 31.54± 2.95 33.01± 2.28 -1.47 -2.00 to -0.93 12 -5.989 0.000*
Affected stance phase (%) 68.26± 2.95 66.99± 2.28 1.47 0.93 to 2.00 12 5.989 0.000*
10-m gait test (m/sec) 0.73± 0.20 0.89± 0.21 -0.16 -0.20 to 0.11 12 -8.022 0.000*

Values are presented as mean± standard deviation.
CI, confidence interval; df, degree of freedom.
*P< 0.05, statistical significance.
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CTG group (change values, -3.08%, -3.54 %, respectively) after 
intervention. Also, the swing and stance phase significantly in-
creased in the PTCDG group (change values, -1.47%, -1.47%, 
respectively) than in the CTG group (change values, -0.55%, 
-0.55%, respectively) after intervention. Finally, the 10MWT 
showed a significant improvement in the PTCDG group (-0.16 
m/sec) compared with the CTG group (-0.06 m/sec) (Table 4).

DISCUSSION

The main results of this study are as follows. The PTCDG 
group showed significantly better gait performance than the con-
ventional treadmill gait training group. This study applied the 
same progressive treadmill cognitive dual-task gait training given 
in the previous studies (Silsupadol et al., 2006). The gait ability of 
the PTCDG group was significantly better than those of the CTG 
group after the treatment. In this study, the stride length and 

Table 3. Differences in the pretest and posttest conventional treadmill gait training group

df Pretest Posttest % Mean difference 95% CI df T-value P-value

Gait velocity (cm/sec) 44.90± 12.23 49.98± 13.24 -5.08 -7.78 to -2.37 12 -4.091 0.001*
Cadence (step/min) 69.92± 11.00 74.27± 12.09 -4.35 -7.86 to -0.84 12 -2.698 0.019*
Affected stride length (cm) 74.19± 15.50 80.59± 12.07 -6.40 -9.25 to -3.54 12 -4.884 0.000*
Unaffected stride length (cm) 74.33± 15.17 81.22± 11.84 -6.89 -10.20 to -3.59 12 -4.547 0.001*
Affected single support time (%) 20.69± 6.07 23.77± 5.72 -3.08 -3.95 to -2.21 12 -7.698 0.000*
Unaffected single support time (%) 30.15± 9.03 33.69± 6.56 -3.54 -5.85 to -1.23 12 -3.339 0.006*
Affected swing phase (%) 30.72± 3.12 31.28± 3.50 -0.55 -1.21 to 0.10 12 -1.844 0.090
Affected stance phase (%) 69.27± 3.12 68.72± 3.50 0.55 -0.10 to 1.21 12 1.844 0.090
10-m gait test (m/sec) 0.75± 0.20 0.81± 0.22 -0.06 -0.09 to -0.03 12 -4.708 0.001*

Values are presented as mean ± standard deviation.
CI, confidence interval; df, degree of freedom.
*P< 0.05, statistical significance.

Table 4. Differences in the change values of the progressive cognitive dual task training and conventional treadmill training group

Variable Group No. Change values % Mean difference 95% CI df T-value P-value

Gait velocity (cm/sec) PTCDG 13 -9.11± 3.27 -4.03 -7.20 to -0.86 24 -2.622 0.015*
CTG 13 -5.08± 4.47

Cadence (step/min) PTCDG 13 -9.02± 5.44 -4.68 -9.23 to -0.12 24 -2.119 0.045*
CTG 13 -4.35± 5.80

Affected stride length (cm) PTCDG 13 -9.74± 4.08 -3.34 -6.91 to 0.24 24 -1.928 0.066
CTG 13 -6.40± 4.72

Unaffected stride length (cm) PTCDG 13 -10.40± 3.48 -3.51 -7.22 to 0.20 24 -1.953 0.063
CTG 13 -6.89± 5.47

Affected single support time (%) PTCDG 13 -6.92± 2.60 -3.85 -5.55 to -2.15 24 -4.669 0.000*
CTG 13 -3.08± 1.44

Unaffected single support time (%) PTCDG 13 -7.92± 4.77 -4.38 -7.88 to -0,89 24 -2.587 0.016*
CTG 13 -3.54± 3.82

Affected swing phase (%) PTCDG 13 -1.47± 0.88 -0.91 -1.72 to -0.12 24 -2.360 0.027*
CTG 13 -0.55± 1.08

Affected stance phase (%) PTCDG 13 -1.47± 0.88 -0.91 -1.72 to -0.12 24 -2.360 0.027*
CTG 13 -0.55± 1.08

10-m gait test (m/sec) PTCDG 13 -0.16± 0.07 -0.10 -0.14 to -0.05 24 -4.163 0.000*
CTG 13 -0.06± 0.05

Values are presented an mean ± standard deviation unless otherwise indicated.
PTCDG, progressive treadmill cognitive dual task gait training group; CTG, conventional treadmill gait training group; df, degree of freedom; CI, confidence interval.
*P< 0.05, statistical significance. 



https://doi.org/10.12965/jer.1836370.185

Kim KJ and Kim KH  •  Progressive treadmill cognitive dual task gait training

826    http://www.e-jer.org

double support time of the affected side and the unaffected side 
were measured. The stride length tends to be shorter in the tread-
mill gait training than in the gait on the ground (Stolze et al., 
1997).

Yang et al. (2007a) evaluated the velocity of 15 healthy adults, 
15 patients with stroke patients with some difficulties in commu-
nity gait, and 15 patients with chronic stroke patients capable of 
community gait with three motor tasks (i.e., simple gait, gait 
with buttoning up, and gait with a cup on a tray) and found that 
the gait associated with a dual-task was significantly faster than 
that not associated with a dual-task. Kizony et al. (2010) also re-
ported that the dual cognition task increased the velocity after 
having twelve patients with stroke patients and ten healthy peo-
ple walk on a treadmill at the velocity set by a subject and select 
products suitable for the situation at a virtual grocery store pro-
jected on a screen 1.5 m to the front of the subject. O’Shea et al. 
(2002) applied a cognitive task (addition and subtraction) to pa-
tients with Parkinson disease, who had decreased motor ability, 
while they were standing and found that the dual-task training 
improved their gait ability. 

The cognitive-motor intervention occurs in patients with stroke 
patients who has lowered cognitive functions or gait disturbance 
because their ability to process cognitive and motor functions si-
multaneously decreases (Regnaux et al., 2005). It is believed that 
the gait ability of patients with stroke patients improved because 
cognitive and motor functions were simultaneously stimulated 
through the progressive treadmill cognitive dual-task gait train-
ing with supplementing these shortfalls.

Various studies have been conducted to evaluate the interaction 
between cognitive tasks with cognitive characteristics and motor 
task with motor characteristics (Paul et al., 2009). It is the most 
important to evaluate the motor function of patients with stroke 
patients reliably and accurately according to the cognitive task in 
order to evaluate the treatment plan and results (Wang et al., 
2002). Cognitive dual-task training has been used widely in clini-
cal practices. However, there are not enough studies comparing 
the differences between cognitive tasks. Moreover, the cognitive 
exercise of patients with stroke patients during gait has not been 
explained well and there are not enough studies on this topic. 

The decreased cognitive function or the increased cogni-
tive-motor intervention that occurs in patients with stroke pa-
tients is caused by the decreased ability to process cognitive and 
motor functions at the same time (Regnaux et al., 2005). A thera-
pist must add cognitive and motor elements into the rehabilita-
tion plan because the intervention between motor regulation ac-

tivities while conducting two tasks (e.g., a cognitive task and gait) 
at the same time is an important therapeutic environmental ele-
ment to consider for enhancing the functions of patients with 
neurological impairment independently (Haggard et al., 2000). 

The results of this study showed that the PTCDG group had 
significantly different gait velocity, cadence, and single support 
times in the affected and unaffected side, affected swing phase, af-
fected stance phase with the CTG group. However there was no 
significant difference between the groups in the stride lengths in 
the affected and unaffected sides.

Yang et al. (2007b) reported that the dual-task positively affect-
ed the walking of patients with chronic stroke patients. Kizony et 
al. (2010) evaluated the effects of the single task and the dual-task 
(e.g., velocity, stride length, and stride) using pre- and posttreat-
ment comparison and found that both groups significantly im-
proved velocity, stride length, and stride. Moreover, the treatment 
groups showed significantly faster velocity than the control group. 
Other studies also showed that cognitive tasks showed the same 
effect when the cognitive task training was applied to other sub-
jects. O’Shea et al. (2002) applied a cognitive task (addition and 
subtraction) to patients with Parkinson disease, who had de-
creased motor ability, while they were standing. They evaluated 
gait characteristics such as velocity and stride length, and cogni-
tive task performance. They found that it improved the cognitive 
task performance, reduced the error in task performance, and en-
hanced overall gait ability. 

The cognitive-motor intervention occurs in patients with stroke 
patients who have lowered cognitive functions or gait distances 
and it is caused by the deteriorated ability to process cognitive 
and motor functions simultaneously (Regnaux et al., 2005). Re-
gaining the mobility is the key to be independent in everyday life 
and the first goal of patients with stroke patients. Cognitive-mo-
tor training is considered to create a preparation step for the cen-
tral nervous system that enables patients to effectively perform 
various tasks and motions (Barrett and Muzaffar, 2014). Previous 
studies reported that changing the gait pattern more or increasing 
the complexity of gait by proposing more dual-tasks activated the 
brain areas related to cognitive functions (Malouin et al., 2003, 
Yogev-Seligmann et al., 2008). 

Independent gait is generally the ultimate rehabilitation goal 
for patients with stroke patients. This study evaluated the effects 
of the progressive treadmill cognitive dual-task gait training on 
the gait ability of patients with stroke patients. The progressive 
treadmill cognitive dual-task gait training improved the gait abil-
ity significantly more than the conventional treadmill gait train-
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ing. The results of this study indicated that the progressive tread-
mill cognitive dual-task gait training affected the cerebrum acti-
vation positively and effectively restored the gait ability. 

The limitations of this study were that this study had a small 
sample size and could not confirm if the effects persisted because a 
follow-up study was not conducted. Therefore, future studies need 
to evaluate the effects of the treadmill gait training with utilizing 
the progressive cognitive dual-task on the rehabilitation of many 
patients with stroke patients. It will be also needed to evaluate the 
effects of the progressive treadmill cognitive dual-task gait train-
ing on the biomechanical factors such as muscle strength, energy 
consumption efficiency, muscle activity, and muscle fatigue. 

In summary, this study demonstrated that the treadmill gait 
training with applying the progressive treadmill cognitive du-
al-task gait training was effective for enhancing the gait ability of 
patients with chronic stroke patients. It is believed that the pro-
gram can be used as a training program for improving the gait 
ability of patients with chronic stroke patients who generally have 
difficulty in regaining the physical functions. 
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