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Abstract: This study investigated the effects of robot-assisted gait training with body weight support
on gait and balance in stroke patients. The study participants comprised 24 patients diagnosed
with stroke. Patients were randomly assigned to four groups of six: robot A, B, C, and non-robot.
The body weight support (BWS) for the harness of the robot was set to 30% of the patient’s body
weight in robot group A, 50% in robot group B, and 70% in robot group C. All experimental groups
received robot-assisted gait training and general physical therapy. The non-robot group underwent
gait training using a p-bar, a treadmill, and general physical therapy. The intervention was performed
for 30 min a day, five times a week, for 6 weeks. All participants received the intervention after the
pre-test. A post-test was performed after all of the interventions were completed. Gait was measured
using a 10 m Walking test (10MWT) and the timed up and go (TUG) test. Balance was assessed using
the Berg Balance Scale (BBS). Robot groups A, B, and C showed significantly better 10MWT results
than did the non-robot group (p < 0.5). TUG was significantly shorter in robot groups A, B, and
C than in the non-robot group (p < 0.5). The BBS scores for robot group A improved significantly
more than did those for robot groups B and C and the non-robot group (p < 0.5), indicating that
robot-assisted gait training with body weight support effectively improved the gait of stroke patients.

Keywords: stroke; body weight support; robot-assisted gait training

1. Introduction

According to the Global Burden of Disease, the number of deaths due to stroke per
100,000 people is 42.56 [1]. Moreover, 3.3 million die due to ischemic stroke annually,
ranking second among causes of death [1]. One in four people above 25 years of age
worldwide will experience a stroke in their lifetime, and the stroke incidence is increasing
annually [1,2], resulting in a global burden of more than USD 891 billion [1].

Stroke is defined as a clinical manifestation of a sudden onset of local or global
impairment of brain function due to vascular causes that can last more than 24 h or even
result in death [3]. Neurological and functional defects persist after experiencing strokes [2].
Daily living ability is reduced owing to balance and gait problems that result from muscle
weakness, motor control, pain, stiffness, and poor balance ability [2,4], while the risk of
falls is increased by the impediment of mobility recovery.

Gait disturbance is the biggest obstacle limiting the daily activities of stroke patients [5].
Abnormal gait patterns appear after stroke onset, and walking distance is also limited [6].
Most patients display slow walking speeds and decreased endurance [6]. The decrease
and loss of walking ability cause long-term disability in stroke patients, making treatment
difficult [7] and, thus, making walking one of the most important treatment goals in the
rehabilitation of stroke patients. Gait recovery after neurological damage is the primary
goal of rehabilitation, and significant time and effort are required to improve gait ability.

Neurodevelopment treatment (NDT) is a well-known treatment for the recovery of
patients with neurological deficits and gait disorders after stroke, the goal of which is to
convert abnormal movements into normal movements [8–10].
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Body-weight-supported treadmill training has traditionally been used for gait reha-
bilitation [11,12]. In this training, one or more therapists partially assist the patient in
supporting their weight and then guide the patient’s movements and gait on a tread-
mill [13]. Body weight-supported treadmill training offers numerous advantages in patient
gait rehabilitation because gait motion becomes more accurate and repetitive than before
body weight support [14]. However, body-weight-supported treadmill training entails
a great deal of physical labor and a high risk of injury because the therapist alone must
support the patient’s weight [15].

Robot-assisted gait training supplements the limitations of NDT and body-weight-
supported treadmill training [10,16]. In robot-assisted training, the patient’s body weight is
supported by a harness system, eliminating the need for therapist assistance, as in body-
weight-supported treadmill training [16]. Robot-assisted gait training is characterized by
repeatability and accuracy [17]. The repeatability is achieved by thoroughly controlling
the range of motion and stride length of the hip, knee, and ankle joints through robot
hardware [17,18]. Once the robot hardware is set, treatment continues in the same training
environment with repeatability unless the therapist intervenes as part of the treatment [19].
Accuracy is achieved through the robotic exoskeleton, as it is set on the patient according
to the size suitable for the patient’s individual physical characteristics [19]. Furthermore,
the therapist can provide precise stimulation by controlling the hardware of the robot.
Based on such repeatability and accuracy, the robot-assisted gait-training device affects
the coordination between the lower extremities in the gait of hemiplegic patients, thereby
affecting postural control and adaptation and improving the patient’s gait [20,21]. Fur-
thermore, the robot hardware allows control of the treadmill, harness system, and robot
frame so that various techniques can be applied to the patient based on their needs [19].
Such a device can prevent fatigue and injuries in therapists and provide a wide range
of gait-training environments for patients [13,20]. Furthermore, the robot offers effective
treatment by providing precise, repetitive motions and a joint range of motion by control-
ling the robot’s hardware [17,22]. However, clear treatment guidelines have not yet been
devised for robot-assisted gait training. There are no specific guidelines for the adjustable
variables within the robot’s software, such as what speed is appropriate for the patient,
how much of the patient’s weight should be supported for an optimal therapeutic effect, or
what joint angle has the best effect on the patient’s gait. Despite its benefits, robot-assisted
gait training has not been well established, either technically or conceptually, and must
be investigated in future research. Therefore, this study aimed to investigate whether
robot-assisted gait training improves gait and balance in stroke patients, as well as to
examine the difference in treatment effects according to the extent of weight support within
each robot treatment group.

2. Materials and Methods
2.1. Ethical Approval

The study was conducted in accordance with the guidelines of the Declaration of
Helsinki and was approved by the Gachon University Institutional Review Board (Seong-
nam, Korea) (1044396-202112-HR-239-01). The purposes of the study and protection of the
privacy of participants were fully explained. Once the participants agreed to participate in
the study, they signed an informed consent form before the beginning of the study.

2.2. Participants

Twenty-seven hospitalized chronic stroke patients were willing to participate in the
study, and three patients who did not meet the inclusion criteria were excluded. Thus,
24 patients were randomly selected based on the selection criteria. The selection criteria
of the study participants were as follows: patients diagnosed with a stroke more than
6 months after onset; patients with no difficulty in following the therapist’s instructions
with a score of ≥ 24 on the mini-mental state examination (MMSE); patients without
orthopedic problems, heart disease, and circulatory problems; and patients able to walk
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>10 m using orthosis or mobility aids. Patients with open skin disease, severe fixation
stiffness, height < 125 cm, weight > 135 kg, or Modified Ashworth scale (MAS) of G1+ or
higher on the affected side were excluded.

2.3. Procedure

Twenty-four stroke patients were randomly assigned into four groups—robot A
(n = 6), robot B (n = 6), robot C (n = 6), and non-robot (n = 6) groups—using simple
randomization methods.

The general anthropometric characteristics were measured before the start of the
experiment. Baseline measurements for the 10 m walking test (10MWT), timed up and
go (TUG) test, and Berg Balance Scale (BBS) were measured. The rehabilitation duration
for both groups was a total of 120 min rehabilitation a day, five times a week for 6 weeks.
Both groups underwent their respective interventions for 60 min each in the morning and
60 min in the afternoon to minimize physical fatigue. They underwent intervention for
60 min regular physical therapy in the morning with an experienced physical therapist.
Then, all robot groups underwent robot-assisted gait training with 30% (group A), 50%
(group B), and 70% (group C) weight-bearing for 30 min. A 30 min session of robot-assisted
gait training did not include the time needed to put on and take off the Lokomat. The
non-robot group received gait training using a treadmill for 30 min. Additionally, both
groups received standard one-on-one rehabilitation with an experienced physical therapist
who specialized in training NDT for 30 min. Then, 10 MWT, TUG, and BBS were measured
after 6 weeks of intervention in all groups.

2.4. Outcome Measures
2.4.1. 10 m Walking Test

The 10MWT was used to assess gait speed [23]. The participant was asked to walk a
14 m walkway, including an acceleration for the first 2 m and a deceleration for the last 2 m,
as fast as possible [24]. For evaluation, only the time taken to walk the middle 10 m was
measured using a stopwatch [24]. The test–retest reliability was good (ICC = 0.87–0.88) and
the intra-rater reliability was excellent (ICC = 0.95–0.99) in chronic stroke patients [25].

2.4.2. TUG Test

The TUG test was used to assess basic mobility and balance [26]. The participant was
asked to stand up from an armchair, walk 3 m directly, return, walk to the chair again, and
sit down [27]. “Normal mobility” indicated that the time taken was < 10 s; “Good mobility”
indicated that the time taken was < 20 s; “Limited mobility” indicated that the time taken
was < 30 s; “Dependent mobility” indicated that the time taken was > 30 s [28]. The TUG
test has excellent test–retest reliability (ICC = 0.95) in chronic stroke patients [26].

2.4.3. BBS

BBS is used to assess balance and risk of falls [29] and contains 14 items, each scored
from 0 to 4 [29]. A total score of “41 to 56” indicates good balance, “21 to 40” indicates
acceptable balance, and “0 to 20” indicates balance impairment [30]. The test–retest re-
liability of BBS in chronic stroke patients was excellent (ICC = 0.98) [30]. The Korean
version of BBS has excellent inter-rater reliability (ICC = 0.97) and intra-rater reliability
(ICC = 0.95~0.97) [31].

2.5. Intervention
2.5.1. Robot-Assisted Gait Training

The Lokomat® PRO (Hocoma AG, Zurich, Switzerland) was used for robot-assisted
gait training. Lokomat® PRO consists of a harness system that supports the patient’s
weight, a robot frame structure, a treadmill system that guides the correct movement and
alignment of the lower extremities during walking, an augmented reality (AR) program
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screen linked with the robot (simulation screen), and a robot hardware control system that
controls the harness system, robot frame structure, and treadmill system (Figure 1).

Figure 1. Robot-assisted gait training.

Robot-assisted gait training was conducted as follows. First, the patient’s weight,
height, and leg length were measured using a tape measure. The robotic exoskeleton was
set up for the patient after the measured values were entered into robot hardware. The
belt was then placed on the patient by using a suspension device, and the harness lifted
the patient. While the patient was suspended approximately 10 cm above the floor, the
robotic exoskeleton was placed on the patient in the order of hip, knee, and ankle joints.
The patient’s joint position was aligned according to the movement of the robot, and the
treadmill was operated. After adjusting the speed of the treadmill and the speed of the
robot’s movements, the suspended patient was slowly lowered to adjust the height at which
they were able to walk on the treadmill. Robot-assisted gait training was performed after
setting the maximum speed according to the patient’s performance level determined by a
Hocoma-certified trainer using a Hocoma manual. The treadmill started at a comfortable
speed before accelerating to the maximum speed previously set.

Robot-assisted gait training was conducted for 30 min, and the weight-bearing capacity
of the patient supported by the harness was set to 30% of the body weight in robot group A,
50% in robot group B, and 70% in robot group C. The degree of body weight support was
chosen based on the most frequently used degree in clinical research studies on weight-
supported gait training after stroke [32].

During robot-assisted gait training, the therapist set the gait speed within a range that
did not affect patient performance. AR was enabled in robot-assisted gait training through
an avatar for gait motion in conjunction with a monitor by using a built-in sensor, and the
same level of game/exercises AR performance was applied equally to all robot-assisted
gait training groups.

2.5.2. Regular Gait Training

The non-robot group received regular gait training on the treadmill, an exercise load
device that ran on a rotating crawler belt and was used to improve the gait of patients. The
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treadmill speed was set to the point at which the patient’s stride length and the treadmill
belt speed matched the intervention of the therapist. Moreover, the patient’s gait status
was continuously monitored while the therapist remained with the patient for 30 min to
ensure safety.

2.5.3. Neuro-Development Treatment

NDT focused on the treatments of secondary disorders that occur in patients due
to damage to the central nervous system, decreased muscle strength, decreased range of
motion, limited functional movement, decreased balance, and gait disturbance. The NDT
technique used in the present study was performed based on Gjelsvik [32]. Treatment
was tailored to each patient to improve gait and balance. The treatment involved the use
of both the affected and unaffected sides. Efforts of pelvic tilt facilitation, trunk control,
and weight transfer strategies were performed in supine, sitting, and standing positions.
Treatment was conducted after improving walking ability by aligning the patient’s body,
and retraining was conducted for muscles that are not used in walking to improve strength
and engagement in incorrect movements. All groups received NDT from an experienced
NDT-qualified therapist.

2.6. Statistical Analysis

Statistical analysis was performed using SPSS software (version 25.0; IBM, Armonk,
NY, USA), and data were summarized as means and standard deviations (SDs). The normal
distribution of variables was examined using the Shapiro–Wilk test, and all outcome
variables were normally distributed. A chi-squared test and one-way analysis of variance
(ANOVA) were performed to compare the general characteristics of the participants among
the groups. One-way ANOVA was conducted to determine whether there were any
differences in changes in outcome variables between pre- and post-intervention among the
groups. Post hoc comparisons using the Tukey HSD test were performed when significant
group main effects were detected. A paired t-test was conducted to determine any changes
in outcome variables between pre- and post-intervention in each group. The level of
significance was set at α = 0.05.

3. Results

Twenty-four stroke patients completed the study. The baseline characteristics were
comparable among the four groups (Table 1). No serious adverse events related to the
intervention were observed. The general characteristics of the participants are presented in
Table 1.

Table 1. General characteristics of participants (N = 24).

Robot A
(n = 6)

Robot B
(n = 6)

Robot C
(n = 6)

Non-Robot
(n = 6) p

Age (years) 52.7 ± 15.4 54.7 ± 12.3 59.5 ± 15.3 61.4 ± 9.7 0.463
Sex, Females, n (%)

* 2 (33.3) 4 (66.7) 3 (50.0) 3 (50.0) 0.760

Height (cm) 163.2 3 ± 7.6 168.8 ± 9.4 163.7 ± 3.8 165.7 ± 7.9 0.555
Weight (kg) 57.5 ± 11.7 65.8 ± 4.1 61.7 ± 6.7 68.8 ± 10.3 0.153

Affected side, left,
n (%) * 3 (50.0) 3 (50.0) 3 (50.0) 3 (50.0) 0.999

Onset (months) 20.2 ± 10.5 16.3 ± 9.5 16.8 ± 8.6 16.8 ± 6.9 0.834
K-MMSE (scores) 25.8 ± 1.2 26.5 ± 1.4 25.3 ± 1.2 25.8 ± 0.8 0.397

Abbreviations: K-MMSE: Korean-mini mental state examination; * except where indicated otherwise, values are
presented as the mean ± SD.

Table 2 shows the outcome variables before and after the intervention in the four
groups. There was a significant improvement in 10 MWT after the 6-week intervention in
all robot groups (p < 0.05) but no significant difference was observed in the non-robot group
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(p > 0.05). Moreover, there was a significant difference in the changes in 10 MWT among
the groups (F(3,20) = 21.93, p < 0.001). The robot A group showed the greatest improvement,
followed by robot B and C groups (p < 0.05).

Table 2. Outcome variables before and after the interventions among the groups (N = 24).

Robot A
(n = 6)

Robot B
(n = 6)

Robot C
(n = 6)

Non-Robot
(n = 6) F(p)

10MWT
Pre-test 24.7 ± 4.7 33.8 ± 6.6 32.5 ±7.1 22.3 ± 3.8

21.93 (0.000)
(A > B > C > N)

Post-test 15.5 ± 3.6 27.1 ± 7.6 28.6 ± 8.5 21.6 ± 4.4
4 pre-post 9.2 ± 1.9 ** 6.7 ± 2.0 ** 3.9 ± 1.9 * 0.7 ± 1.9

TUG
Pre-test 25.4 ± 3.6 33.4 ± 7.4 35.6 ± 7.8 25.8 ± 4.9

30.62 (0.000)
(A > B, C, N)

Post-test 17.4 ± 2.9 31.4 ± 8.5 34.8 ± 8.8 24.8 ± 4.8
4 pre-post 8.0 ± 1.8 ** 1.9 ± 1.8 * 0.8 ±1.6 0.4 ± 1.0

BBS
Pre-test 33.3 ± 3.1 36.7 ± 3.3 34.0 ± 4.3 34.3 ± 2.7

17.32 (0.000)
(A > B, C, N)

Post-test 37.2 ± 2.8 36.8 ± 3.8 33.7 ± 4.2 34.5 ± 3.3
4 pre-post 3.8 ± 1.3 ** 0.2 ± 1.2 0.3 ± 1.2 0.2 ± 0.8

Abbreviations: 10MWT: 10 m walking test; TUG: Timed up and go; BBS: Berg Balance Scale; A: Robot A, B: Robot
B, C: Robot C, N: Non-Robot, * significant difference between pre- and post-intervention at the 0.05 level; **
significant difference between pre and post at the 0.001 level. 4 changes.

Regarding the TUG test, a significant improvement was observed after the 6-week
intervention in robot A and B groups (p < 0.05), while no significant improvement was
found in robot C and non-robot groups (p > 0.05). There was a significant difference in the
changes in TUG test scores among the groups (F(3,20) = 30.62, p < 0.00). Post hoc analysis
revealed that the robot A group showed a significant change in the TUG test score after
6 weeks of intervention compared to those of all other groups (p < 0.05).

Similarly, a significant improvement in BBS was found after the 6-week intervention
in the robot A group (p < 0.05), while no significant improvement was found in the robots
B, C, and non-robot groups (p > 0.05). The TUG test scores were significantly different
among the groups (F(3,20) = 17.32, p < 0.00). Post hoc analysis showed that the robot A
group showed a significant difference in changes in BBS score after the 6-week intervention
compared to all other groups (p < 0.05).

4. Discussion

The present study investigated the effect of training using a robot-assisted gait-training
device on the gait and balance in stroke patients and the influence of the degree of weight-
bearing capacity on the treatment effect of the robot-assisted gait-training device. As per
our results, the groups that received robot-assisted gait training showed significant im-
provements in the 10MWT (straight walking ability) and TUG tests (functional walking
ability) compared to the non-robot group, regardless of the weight-bearing capacity. Fur-
thermore, robot group A, for which the weight-bearing capacity was set to 30%, displayed
a significant improvement in balance.

The 10MWT and TUG tests were used to evaluate gait ability, and the robot group
showed significant improvements in 10MWT compared to the non-robot group. These
results are similar to those of the study by Peurala (2005), who reported a 24% improvement
in walking ability following the application of robot-assisted gait training compared to the
control group [33]. Furthermore, in Schwarz’s (2009) study of acute stroke patients, the
robot-assisted gait training group significantly improved compared with the general gait
training group, supporting the results of this study [34].

The TUG test scores significantly increased in robot groups A and B. However, a previ-
ous study that compared a robot-assisted gait training group with visual biofeedback and a
control group that only received assisted gait training reported no significant difference
in TUG test scores between the groups (Ham, 2015) [35]. Schwarz’s (2009) study reported
no significant differences in the TUG test when comparing a weight-supported treadmill
training group with a general gait training group [34]. Robot-assisted gait training with
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30% (group A) and 50% (group B) weight bearing revealed significant improvements in
the TUG test in the current study, which may be due to less weight bearing, as excessive
weight support reduces ground reaction force (GRF) and sensory feedback [36]. This re-
sult is supported by the results of a study on hemiplegic stroke patients which reported
improved functional gait ability in the group with a change in weight-bearing capacity
(Barbeau, 2003) [37]. Moreover, the TUG test, unlike 10MWT, does not simply test the
straight gait, which requires patients to walk straight to the destination and back, but rather
evaluates functional movement performance, including curves and complex motions such
as standing up and sitting down [38].

Regarding balance function, there was a significant improvement in BBS in the 30%
body weight-bearing group (robot group A). Dias’s (2007) study reported a significant
increase in BBS in both robot-assisted gait training and general gait training, but the high
therapeutic effect was maintained for > 3 months only for robot-assisted gait training [39].
This may be because the stabilization of the patient’s trunk is provided by the robotic
exoskeleton, and a uniform gait-training environment is provided through the controlled
robot hardware, thereby promoting physical muscle activity through trunk stabilizer mus-
cles [40]. Although the study by Ham (2015) reported that the improvement in balance
with robot-assisted gait training with visual feedback was not significant, this report differs
from this study, as it did not consider body weight support as a variable [35].

The reason why the training results varied depending on the amount of body weight
support was as follows. Humans are subject to the gravitational force of the Earth, and as
much as a human pushes down on the Earth with their weight, the Earth pushes back with
afferent information referred to as GRF from the ground [41]. Humans receive this afferent
information and control their bodies accordingly [42]. In case of excessive body weight
support, such as 70% or 50% of the body weight, the afferent information received from the
Earth is reduced [36]. Excessive changes in afferent information, such as excessive body
weight support, cause instability and difficulty in promoting sensory information [42]. In
other words, it is difficult to develop the ability to set the direction of the body and secure
stability so that the balance control mechanism can be properly used in an environment
in which gravity acts. Therefore, robot-assisted gait training with appropriate weight
bearing can minimize instability by securing postural alignment and trunk stability. It
can also contribute to improvement in gait by providing stability to certain body parts
and the mobility necessary for functional activities of other body parts [17,40]. It should
be noted that, in this study, within the training period, patients continued training at the
initially set weight-bearing capacity, and there was no change in weight-bearing capacity
until the end of the study period. However, in the study by Peurala (2005), when patients’
weight-bearing capacity was reduced from the initial 30% to 10% during the study, balance
ability significantly improved in robot-assisted gait training [33]. Thus, a comparative
study between a group with a change in weight-bearing capacity during the study period
and a group for whom it is not changed should be conducted in the future.

This study had some limitations that need to be addressed. Although the balance and
mobility functions were assessed, detailed physical function test such as the Fugl–Meyer
assessment was not performed. Moreover, excessive weight support can cause difficulty
in promoting information, but the present study did not measure the degree of sensory
impairment directly. Further studies should measure these variables to differentiate more
accurate patient characteristics to investigate the effect of robot-assisted training with
different degrees of body weight support. In addition, the fact that robot-assisted gait
training groups may have experienced a psychological placebo effect compared with the
non-robot group, which may have affected the results, cannot be excluded. Lastly, the study
has a relatively small sample size of 24 patients. Thus, the results are difficult to generalize
and interpret. Further studies should investigate the different types of robot-assisted gait
training with a sufficiently large sample by improving upon these limitations.
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5. Conclusions

The results of this study indicate that robot-assisted gait training with body weight
support is helpful in improving the straight-line walking ability of patients with chronic
stroke. Furthermore, robot-assisted gait training with 30% weight bearing can improve
functional gait and balance ability. Appropriate weight bearing for a positive effect on
improving gait and balance in stroke patients should be considered.
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6. Drużbicki, M.; Przysada, G.; Guzik, A.; Brzozowska-Magoń, A.; Kołodziej, K.; Wolan-Nieroda, A.; Majewska, J.; Kwolek, A. The

Efficacy of Gait Training Using a Body Weight Support Treadmill and Visual Biofeedback in Patients with Subacute Stroke: A
Randomized Controlled Trial. BioMed Res. Int. 2018, 2018, 3812602. [CrossRef]

7. Mehrholz, J.; Pohl, M.; Elsner, B. Treadmill training and body weight support for walking after stroke. Cochrane Database Syst. Rev.
2014, 2014, CD002840. [CrossRef]

8. Mikołajewska, E. Normalized gait parameters in NDT-Bobath post-stroke gait rehabilitation. Open Med. 2012, 7, 176–182.
[CrossRef]

9. Mikołajewska, E. Bobath and traditional approaches in post-stroke gait rehabilitation in adults. Biomed. Hum. Kinet. 2017, 9,
27–33. [CrossRef]

10. Cao, J.; Xie, S.Q.; Das, R.; Zhu, G.L. Control strategies for effective robot assisted gait rehabilitation: The state of art and future
prospects. Med. Eng. Phys. 2014, 36, 1555–1566. [CrossRef]

11. Høyer, E.; Jahnsen, R.; Stanghelle, J.K.; Strand, L.I. Body weight supported treadmill training versus traditional training in patients
dependent on walking assistance after stroke: A randomized controlled trial. Disabil. Rehabil. 2012, 34, 210–219. [CrossRef]
[PubMed]

12. Mehrholz, J.; Harvey, L.A.; Thomas, S.; Elsner, B. Is body-weight-supported treadmill training or robotic-assisted gait training
superior to overground gait training and other forms of physiotherapy in people with spinal cord injury? A systematic review.
Spinal Cord 2017, 55, 722–729. [CrossRef] [PubMed]

13. Ruiz, J.; Labas, M.P.; Triche, E.W.; Lo, A.C. Combination of Robot-Assisted and Conventional Body-Weight–Supported Treadmill
Training Improves Gait in Persons with Multiple Sclerosis: A Pilot Study. J. Neurol. Phys. Ther. 2013, 37, 187–193. [CrossRef]
[PubMed]

14. MacKay-Lyons, M.; McDonald, A.; Matheson, J.; Eskes, G.; Klus, M.-A. Dual effects of body-weight supported treadmill training
on cardiovascular fitness and walking ability early after stroke: A randomized controlled trial. Neurorehabilit. Neural Repair 2013,
27, 644–653. [CrossRef] [PubMed]

http://doi.org/10.1177/17474930211065917
http://www.ncbi.nlm.nih.gov/pubmed/34986727
http://doi.org/10.1111/jan.14800
http://www.ncbi.nlm.nih.gov/pubmed/33675076
http://doi.org/10.35654/ijnhs.v4i3.464
http://doi.org/10.20540/JIAPTR.2021.12.1.2272
http://doi.org/10.1016/j.neucli.2015.09.005
http://doi.org/10.1155/2018/3812602
http://doi.org/10.1002/14651858.cd002840.pub3
http://doi.org/10.2478/s11536-011-0138-6
http://doi.org/10.1515/bhk-2017-0005
http://doi.org/10.1016/j.medengphy.2014.08.005
http://doi.org/10.3109/09638288.2011.593681
http://www.ncbi.nlm.nih.gov/pubmed/21954995
http://doi.org/10.1038/sc.2017.31
http://www.ncbi.nlm.nih.gov/pubmed/28398300
http://doi.org/10.1097/NPT.0000000000000018
http://www.ncbi.nlm.nih.gov/pubmed/24189336
http://doi.org/10.1177/1545968313484809
http://www.ncbi.nlm.nih.gov/pubmed/23599221


Int. J. Environ. Res. Public Health 2022, 19, 5814 9 of 9

15. Srivastava, S.; Kao, P.-C.; Kim, S.H.; Stegall, P.; Zanotto, D.; Higginson, J.S.; Agrawal, S.K.; Scholz, J.P. Assist-as-Needed Robot-
Aided Gait Training Improves Walking Function in Individuals Following Stroke. IEEE Trans. Neural Syst. Rehabil. Eng. 2015, 23,
956–963. [CrossRef] [PubMed]

16. Fisher, S.; Lucas, L.; Thrasher, T.A. Robot-Assisted Gait Training for Patients with Hemiparesis Due to Stroke. Top. Stroke Rehabil.
2011, 18, 269–276. [CrossRef] [PubMed]

17. Kim, H.Y.; You, J.S.H. A Review of Robot-Assisted Gait Training in Stroke Patients. Brain Neurorehabilit. 2017, 10. [CrossRef]
18. Seo, J.S.; Yang, H.S.; Jung, S.; Kang, C.S.; Jang, S.; Kim, D.H. Effect of reducing assistance during robot-assisted gait training

on step length asymmetry in patients with hemiplegic stroke: A randomized controlled pilot trial. Medicine 2018, 97, e11792.
[CrossRef]

19. Low, K. Robot-assisted gait rehabilitation: From exoskeletons to gait systems. In Proceedings of the 2011 Defense Science Research
Conference and Expo (DSR), Singapore, 3–5 August 2011; pp. 1–10.

20. Federici, S.; Meloni, F.; Bracalenti, M.; De Filippis, M.L. The effectiveness of powered, active lower limb exoskeletons in
neurorehabilitation: A systematic review. NeuroRehabilitation 2015, 37, 321–340. [CrossRef]

21. Cho, D.Y.; Park, S.-W.; Lee, M.J.; Park, D.S.; Kim, E.J. Effects of robot-assisted gait training on the balance and gait of chronic
stroke patients: Focus on dependent ambulators. J. Phys. Ther. Sci. 2015, 27, 3053–3057. [CrossRef]

22. Chung, B.P.H. Effectiveness of robotic-assisted gait training in stroke rehabilitation: A retrospective matched control study. Hong
Kong Physiother. J. 2017, 36, 10–16. [CrossRef] [PubMed]

23. Cheng, D.K.; Nelson, M.; Brooks, D.; Salbach, N.M. Validation of stroke-specific protocols for the 10-meter walk test and 6-minute
walk test conducted using 15-meter and 30-meter walkways. Top. Stroke Rehabil. 2020, 27, 251–261. [CrossRef] [PubMed]

24. Bang, D.-H.; Shin, W.-S.; Noh, H.-J.; Song, M.-S. Effect of Unstable Surface Training on Walking Ability in Stroke Patients. J. Phys.
Ther. Sci. 2014, 26, 1689–1691. [CrossRef] [PubMed]

25. Molad, R.; Alouche, S.R.; Demers, M.; Levin, M.F. Development of a Comprehensive Outcome Measure for Motor Coordination,
Step 2: Reliability and Construct Validity in Chronic Stroke Patients. Neurorehabilit. Neural Repair 2021, 35, 194–203. [CrossRef]
[PubMed]

26. Alghadir, A.H.; Al-Eisa, E.S.; Anwer, S.; Sarkar, B. Reliability, validity, and responsiveness of three scales for measuring balance in
patients with chronic stroke. BMC Neurol. 2018, 18, 141. [CrossRef]

27. Lee, D.-K.; Jeong, H.-J.; Lee, J.-S. Effect of respiratory exercise on pulmonary function, balance, and gait in patients with chronic
stroke. J. Phys. Ther. Sci. 2018, 30, 984–987. [CrossRef]

28. Cha, P.H.-G.; Shin, M.P.Y.-J.; Kim, P.M.-K. Effects of the Bad Ragaz Ring Method on muscle activation of the lower limbs and
balance ability in chronic stroke: A randomised controlled trial. Hong Kong Physiother. J. 2017, 37, 39–45. [CrossRef]

29. Berg, K.O.; Wood-Dauphinee, S.L.; Williams, J.I.; Maki, B. Measuring balance in the elderly: Validation of an instrument. Can. J.
Public Health 1992, 83 (Suppl. S2), S7–S11.

30. Blum, L.; Korner-Bitensky, N. Usefulness of the Berg Balance Scale in Stroke Rehabilitation: A Systematic Review. Phys. Ther.
2008, 88, 559–566. [CrossRef]

31. Jang, H.-Y.; Lee, J.-H.; Lee, S.-M. The Analysis on the Reliability and Validity of Korean-Version Balance Assessment Tools. Korean
Soc. Phys. Med. 2017, 12, 139–146. [CrossRef]

32. Gjelsvik, B.E.B.; Syre, L. The Bobath Concept in Adult Neurology; Thieme: Stuttgart, Germany, 2008.
33. Peurala, S.H.; Tarkka, I.M.; Pitkänen, K.; Sivenius, J. The Effectiveness of Body Weight-Supported Gait Training and Floor Walking

in Patients with Chronic Stroke. Arch. Phys. Med. Rehabil. 2005, 86, 1557–1564. [CrossRef] [PubMed]
34. Schwartz, I.; Sajin, A.; Fisher, I.; Neeb, M.; Shochina, M.; Katz-Leurer, M.; Meiner, Z. The Effectiveness of Locomotor Therapy

Using Robotic-Assisted Gait Training in Subacute Stroke Patients: A Randomized Controlled Trial. PM&R 2009, 1, 516–523.
[CrossRef]

35. Sincheol, H. Effects of Robot-Assisted Gait Training with Visual Feedback on Gait, Balance and Balance Confidence in Chronic Stroke
Patients; Gachon University Graduate School: Incheon, Korea, 2015.

36. Barela, A.M.F.; De Freitas, P.B.; Celestino, M.; Camargo, M.R.; Barela, J.A. Ground reaction forces during level ground walking
with body weight unloading. Braz. J. Phys. Ther. 2014, 18, 572–579. [CrossRef] [PubMed]

37. Barbeau, H.; Visintin, M. Optimal outcomes obtained with body-Weight support combined with treadmill training in stroke
subjects. Arch. Phys. Med. Rehabil. 2003, 84, 1458–1465. [CrossRef]

38. Bonnyaud, C.; Pradon, D.; Bensmail, D.; Roche, N. Dynamic Stability and Risk of Tripping during the Timed Up and Go Test in
Hemiparetic and Healthy Subjects. PLoS ONE 2015, 10, e0140317. [CrossRef]

39. Dias, D.; Laíns, J.; Pereira, A.I.; Nunes, R.; Caldas, J.; Amaral, C.; Pires, S.; Costa, A.; Alves, P.; Moreira, M.; et al. Can we improve
gait skills in chronic hemiplegics? A randomised control trial with gait trainer. Eura Medicophys. 2007, 43, 499–504.

40. Schwartz, I.; Meiner, Z. Robotic-Assisted Gait Training in Neurological Patients: Who May Benefit? Ann. Biomed. Eng. 2015, 43,
1260–1269. [CrossRef]

41. Ismail, S.I.; Nunome, H.; Marzuki, F.F.; Su’Aidi, I. The Influence of Additional Surface on Force Platform’s Ground Reaction Force
Data During Walking and Running. Am. J. Sports Sci. 2018, 6, 78. [CrossRef]

42. Boehm, W.L. Lower-Limb Neuromuscular Coordination Post-Stroke: Evidence of Force Misdirection and Development of an Associated
Therapeutic Device; The University of Wisconsin-Madison: Madison, WI, USA, 2017.

http://doi.org/10.1109/TNSRE.2014.2360822
http://www.ncbi.nlm.nih.gov/pubmed/25314703
http://doi.org/10.1310/tsr1803-269
http://www.ncbi.nlm.nih.gov/pubmed/21642064
http://doi.org/10.12786/bn.2017.10.e10
http://doi.org/10.1097/MD.0000000000011792
http://doi.org/10.3233/NRE-151265
http://doi.org/10.1589/jpts.27.3053
http://doi.org/10.1016/j.hkpj.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/30931034
http://doi.org/10.1080/10749357.2019.1691815
http://www.ncbi.nlm.nih.gov/pubmed/31752634
http://doi.org/10.1589/jpts.26.1689
http://www.ncbi.nlm.nih.gov/pubmed/25435678
http://doi.org/10.1177/1545968320981943
http://www.ncbi.nlm.nih.gov/pubmed/33410389
http://doi.org/10.1186/s12883-018-1146-9
http://doi.org/10.1589/jpts.30.984
http://doi.org/10.1016/j.hkpj.2017.02.001
http://doi.org/10.2522/ptj.20070205
http://doi.org/10.13066/kspm.2017.12.4.139
http://doi.org/10.1016/j.apmr.2005.02.005
http://www.ncbi.nlm.nih.gov/pubmed/16084808
http://doi.org/10.1016/j.pmrj.2009.03.009
http://doi.org/10.1590/bjpt-rbf.2014.0058
http://www.ncbi.nlm.nih.gov/pubmed/25590450
http://doi.org/10.1016/S0003-9993(03)00361-7
http://doi.org/10.1371/journal.pone.0140317
http://doi.org/10.1007/s10439-015-1283-x
http://doi.org/10.11648/j.ajss.20180603.12

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Participants 
	Procedure 
	Outcome Measures 
	10 m Walking Test 
	TUG Test 
	BBS 

	Intervention 
	Robot-Assisted Gait Training 
	Regular Gait Training 
	Neuro-Development Treatment 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

