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Abstract

BACKGROUND

The results of existing lower extremity robotics studies are conflicting, and few
relevant clinical trials have examined short-term efficacy. In addition, most of the
outcome indicators in existing studies are scales, which are not objective enough.
We used the combination of objective instrument measurement and scale to
explore the short-term efficacy of the lower limb A3 robot, to provide a clinical
reference.

AIM
To investigate the improvement of lower limb walking ability and balance in
stroke treated by A3 lower limb robot.

METHODS

Sixty stroke patients were recruited prospectively in a hospital and randomized
into the A3 group and the control group. They received 30 min of A3 robotics
training and 30 min of floor walking training in addition to 30 min of regular
rehabilitation training. The training was performed five times a week, once a day,
for 2 wk. The t-test or non-parametric test was used to compare the three-
dimensional gait parameters and balance between the two groups before and after
treatment.

RESULTS
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The scores of basic activities of daily living, Stroke-Specific Quality of Life Scale, FM balance meter, Fugl-Meyer
Assessment scores, Rivermead Mobility Index, Stride speed, Stride length, and Time Up and Go test in the two
groups were significantly better than before treatment (19.29 + 12.15 vs 3.52 £ 4.34; 22.57 £ 17.99 vs 4.07 £ 2.51; 1.21
0.83 vs 0.18 + 0.40; 3.50 + 3.80 vs 0.96 + 2.08; 2.07 £ 1.21 vs 0.41 + 0.57; 0.89 + 0.63 vs 0.11 + 0.32; 12.38 £ 9.00 vs 2.80 +
3.43;18.84 + 11.24 vs 3.80 + 10.83; 45.12 + 69.41 vs 8.41 + 10.20; 29.45 + 16.62 vs 8.68 + 10.74; P < 0.05). All outcome
indicators were significantly better in the A3 group than in the control group, except the area of the balance
parameter.

CONCLUSION
For the short-term treatment of patients with subacute stroke, the addition of A3 robotic walking training to
conventional physiotherapy appears to be more effective than the addition of ground-based walking training.

Key Words: Stroke; Robotics; Gait; Robot-assisted gait training; Neurological rehabilitation; Walking training

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, two groups of stroke patients underwent 2 wk of A3 lower extremity robotics and ground walking
training, respectively, and gait spatiotemporal and balance parameters were recorded before and after the 2-wk intervention,
which were compared by statistical analysis. It was finally concluded that for the short-term treatment of patients with
subacute stroke, the addition of A3 robotic walking training to conventional physiotherapy appears to be more effective than
the addition of ground-based walking training.

Citation: Zhang LJ, Wen X, Peng Y, Hu W, Liao H, Liu ZC, Liu HY. Effectiveness of the A3 robot on lower extremity motor function
in stroke patients: A prospective, randomized controlled trial. World J Clin Cases 2024; 12(24): 5523-5533

URL: https://www.wjgnet.com/2307-8960/full/v12/i24/5523 .htm

DOI: https://dx.doi.org/10.12998/wjcc.v12.i24.5523

INTRODUCTION

Stroke can lead to permanent disability and even death[1]. In many cases following a stroke, mobility, balance, and
walking are affected[2], The majority of stroke survivors have initial mobility deficits, and 6 mo after stroke, more than
30% of survivors still cannot walk independently[3] and impaired gait still severely limits daily life. Gait pattern
abnormalities associated with stroke are often characterized by altered hip, knee, and ankle kinematics[4], and stroke
patients walk asymmetrically and with reduced gait speed[5]. One of the main goals of stroke rehabilitation is to regain
gait function[6], and therapists spend a considerable amount of time and effort on it[7].

Lower limb robot is a new treatment method to promote the recovery of stroke patients. It has the advantages of
repetition, specificity, and quantitative evaluation[8,9]. Studies have shown that patients with subacute stroke who
received lower limb robots in combination with conventional treatment showed greater improvement in functional gait
than those who received conventional treatment alone[10-12]. But other studies have found no difference in outcomes
between robotic therapy and traditional therapy[13-15] and the issue remains controversial and unresolved. Therefore,
the application of gait robots to the field of stroke needs more research to expand some obscure and controversial areas.
In addition, most of the previous clinical trials of lower limb robots used scales such as the Fugl-Meyer Assessment scale,
Berg Balance Scale scores, and River mead Mobility Index (RMI) to evaluate the efficacy[12], which is subjective to a
certain extent. Three-dimensional gait analysis has the advantages of objective data, quantitative data, and high
credibility[16].

Based on the above background, a clinical trial was conducted to verify the effectiveness of 2-wk A3 lower limb robot-
assisted gait training on patients with subacute stroke, and three-dimensional gait spatiotemporal parameters were used
as evaluation indexes. We propose a basic hypothesis: in the short term, patients with subacute stroke who added A3
robotic walking training to conventional physical therapy showed significant gait and balance improvements in spatial-
temporal parameters and balance function that may be superior to conventional ground-based walking training.

MATERIALS AND METHODS
Study design

This study was a single-center, single-blind, and prospective randomized controlled trial. The clinical trial was approved
by the Ethics Committee of Yuebei People's Hospital (KY-2021-327; Shaoguan, China). Written informed consent was
provided by all participants and the procedures were carried out following the Helsinki Declaration. The program was
registered online in the Chinese Clinical Trial Registry (Registration No. ChiCTR2100052767).
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Before the trial, eligible participants were randomly assigned to two groups according to a random number generated
by Excel software. The random numbers were written on a small card and placed in an opaque envelope. An investigator
determined the eligibility of participants for inclusion, but he was not involved in the allocation and was not aware of
subsequent grouping (hidden assignment). After the patient grouping was confirmed by two therapist interveners, the
grouping sheet was kept in a sealed opaque envelope until the end of the trial. At the end of the trial, no errors were
found after we uncovered and checked the allocation.

Participants

Subjects were selected according to the following inclusion criteria: (1) Enrolled patients had a first stroke diagnosed
by computerized tomography or magnetic resonance imaging (MRI); (2) All patients have unilateral limb motor
dysfunction, and the patient can complete a 10 m walk alone or with the assistance of an assistive device; (3) The patient's
condition, including vital signs, remained stable; (4) Aged 25 years to 80 years; (5) Lower extremity Brunnstrom stage III
(inclusive) or higher, lower extremity modified Ashworth grading muscle tone below grade II; (6) Patients can cooperate
with researchers in various examinations and rehabilitation training; and (7) The patient himself and his family members
provided written informed consent.

Exclusion criteria are as follows: (1) Patients with other nervous system or bone and joint diseases that may affect the
function of the lower extremities, such as arthritis, lower extremity joint contractures, deformities or other peripheral
nervous system lesions, pain conditions; (2) Pregnant and lactating patients; (3) Patients with severe cardiopulmonary
insufficiencies, such as heart failure, unstable angina, etc, or implanted pacemakers; (4) Patients with severe osteoporosis,
malignant tumor of bone and joint; and (5) Patients with severe sensory impairment.

Interventions

Intervention group (A3 group). The intervention group received 30 min of routine lower extremity training and robot-
assisted gait assessment and training system A3 (RAGATS-A3, NX, Shanghai, China) supplemented with conventional
rehabilitation training. RAGATS-AS3 is a rehabilitation robot device, as presented in Figure 1, which assists patients with
lower limb dysfunction to conduct gait correction and motor relearning training. It includes exoskeleton mechanical legs,
dynamic and static weight reduction system, buffer runway, and situational feedback display screen, etc. Perhaps due to
its high price, few clinical trials have investigated the robot's short-term effectiveness on lower limb gait in patients with
subacute stroke. Based on the principle of neural plasticity, walking function can be restored through continuous training,.
The robot consists of an exoskeleton mechanical leg, running table, weight loss system, situational feedback game, and
gait analysis system. The operator can monitor the patient's movement in real-time through sensors mounted on the hip,
knee, and ankle, thus accurately controlling the range and walking speed of the hip, knee, and ankle joints. Combined
with virtual reality technology and dynamic or static weight loss systems, the robot can provide high-intensity, repea-
table, task-oriented comprehensive walking training. Before the training, part of the patient's body weight was supported
by a suspension weight loss system, after which both lower limbs were attached to the mechanical leg of the exoskeleton,
and both ankle joints were secured in a neutral position using foot straps at last. We set the training mode to automatic,
the weight loss support level to 50%, the speed of the exercise plate to 1.0-1.2km/h, and the guiding force to 100%. Later,
as the patient's movement improved, the weight loss support and guiding force were gradually reduced (minimum to
0%) according to the tolerance of each patient[17-19]. Excluding the time spent installing and adjusting the equipment, the
effective training duration was 30 min.

Control group. Patients in the control group received ground walking training under the supervision or with little
assistance from the therapist. The primary role of the therapist is to prevent the patient from falling and to give verbal
instructions when necessary. Each treatment lasted for 30 min, once a day, five times/wk.

In addition, prior to each intervention in the clinical trial, all patients will receive 30 min of conventional physical
training based on traditional neurodevelopmental techniques including sitting and standing balance training, functional
transfer training, affected limb weight training, foot following training, stride training, and dynamic balance training.
This training aims to improve the patient's gait, posture, and stability during walking, correct the muscular lines of the
body during walking, and assist the patient to re-establish a normal walking pattern. Conventional physical training for
all patients was performed by the same experienced senior rehabilitation therapist who did not participate in the entire
assessment process. Each treatment lasted for 30 min, once a day, 5 times/wk. Briefly, patients in the A3 group received
30 min of conventional physical training and 30 min of A3 training, whereas the control group received 30 min of conven-
tional physical training and 30 min of conventional ground walking. All participants received a 60-min training
intervention per day for 2 wk (5 times/wk, a total of 10 times). In addition, other treatments, including medication, were
the same for two groups of patients. We chose a 2-wk treatment period because Chinese and local health insurance
policies stipulate that stroke patients can be hospitalized for up to 2 wk when using health insurance to reimburse hospit-
alization costs. Without health insurance coverage, the burden of healthcare for Chinese residents would be very heavy.
This also poses a huge challenge for us as healthcare professionals, and we hope to find ways to maximize the benefits for
our patients in the short term.

Outcomes

The primary results were the three-dimensional gait spatiotemporal parameters monitored by the machine (Gait Watch;
Zhang He Zhi Neng, Guangzhou, China) (Figure 2) in real time. Specific operation (additional information regarding the
manufacturer's website: http:/ /www.ezhanghe.com/) was as follows. The motion sensors were fixed on each joint of the
patient's lower limbs (Figure 2), telling the patient to walk 12 m, in the presence of medical staff and family members (no
contact with the patient, let the patient walk independently) to and from two times. The machine sensors evaluate and
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Figure 1 Robot-assisted gait assessment and training system A3, NX, China (Yikang Yiliao and Yuebei People’s Hospital).

Switch -

Figure 2 Gait watch, Zhang He Zhi Neng, Guangzhou, China (Gait watch and the position diagram of wearing sensor. Switch: Upper right arm;
MO: Upper sacral margin; R/L1: The anterior side of the midsection of the femur; R/L2: Lower edge of the fibula head; R/L3: Behind the metatarsophalangeal joint, the
second through the fourth metatarsal bones.

record detailed temporal and spatial parameters of the gait, dynamically observe the patient's gait, and provide a compre-
hensive picture of the progress of each joint movement during walking. Spatial parameters of the gait include stride
frequency, stride length, stride speed, and other basic parameters.

Secondary assessment results were balance parameters (balancing apparatus: Union Rehab, Balance test training
system: PC708; Beijing, China) (Figure 3), The balance parameters we selected included gravity center moving track
length (Lng), gravity center moving track area (Area), and track length per unit area (TL index)[20], which were automat-
ically generated by the balancing instrument. First, subjects were required to stand on the gravity-sensitive platform of
the machine in a standard posture, look directly at the screen in front of them, and relax their hands. Two tests lasting 30 s
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Figure 3 Union rehab PC-708 balance machine, Beijing, China.

were carried out: one with eyes open and one with eyes closed. During this process, the machine automatically measured
and calculated the value of the balance parameter. Each patient was performed twice and the average score was recorded
(Figure 3)[21]. TL index is the value obtained by dividing the total trajectory length of the center of gravity movement by
the area of the trajectory of the center of gravity movement within a given time. This value is inversely proportional to the
area and directly proportional to the Lng, which reflects the balance stability of the body and the adjustment ability of
posture balance. The larger the value, the stronger the adjustment ability[20,22].

In addition, Fugl-Meyer-Assessment (FMA) scores (including aspects of balance and lower extremity) and RMI[23],
Time Up and Go test (TUG)[24], and basic activities of daily living (BADL)[25], FM balance meter, Stroke-Specific Quality
of Life Scale (SSQOL)[26], and Holden Walking Ability Scale(HWAS)[21] values were collected for recording. Adverse
events are also recorded. The patients were evaluated at baseline and after 2 wk of treatment by a specialist evaluator
who did not know the exact allocation, and each assessment was carried out more than twice and then averaged.

Statistical analysis

The data were analyzed using SPSS Statistics version 26.0. The assumption of normality of data was assessed using the
Kolmogorov-Smirnov test. The ¥ test was used to test the baseline data of the two groups, such as sex, stroke type, and
other categorical data. Data are expressed as the mean * standard deviation; otherwise, the median and interquartile
range was used. The independent t-test was used for normally distributed data, and the Mann-Whitney U test was used
for non-normally distributed data. Paired ¢-test was used for statistical analysis of the changes before and after treatment
in the same group. P < 0.05 was considered statistically significant.

RESULTS

Recruiting patients

A total of 60 stroke patients who met the inclusion criteria volunteered to participate in the study between November
2021 and November 2022. They were randomly assigned to either the control group or the intervention group (A3 group).
The Control group (n = 30) received conventional rehabilitation training while the A3 group (n = 30) received a
combination of robot-assisted training and conventional rehabilitation therapy. Five fell off, and fifty-five were eventually
included in the analysis. The screening and allocation process is shown in Figure 4.

Baseline data of patients
The A3 group included 28 patients and the control group included 27 patients. There were no significant differences in
sex ratio, stroke type, the proportion of hypertension and diabetes mellitus, average age, and course of disease between

the two groups (P > 0.05), indicating that the two groups were comparable. The baseline data of patients are shown in
Table 1.

Comparison of two groups before and after intervention

The situation of patients in both groups after 2 wk of intervention can be seen in Table 2. The scores of BADL, SSQOL, FM
balance meter, FMA, RMI, Stride speed, Stride length, and TUG in the two groups were significantly better than before
treatment (P < 0.05). Although the HWAS, Stride frequency, Lng, Area, and TL index scores of the control group after 2
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Table 1 Baseline data of patients

Parameter A3 group Control group P value
Sex Male 22 22 0.787
Female 6 5
Agein yr 52.14 +15.352 58.48 £17.194 0.155
Height in cm 163.21 £4.756 165.52 £7.361 0177
Weight in kg 63.21+7.733 67.48 +£9.928 0.080
Type of stroke Infarction 17 17 0.864
Hemorrhage 11 10
Paretic side Right 12 14 0.504
Left 16 13
Hypertension Yes 20 21 0.589
No 8 6
Diabetes Yes 5 6 0.686
No 23 21
Mean time since stroke in d 49.71 +£36.054 43.63 +42.164 0.567
MMSE 27.50 +4.308 27.19+2.354 0.739
BADL 67.14 £15.836 71.67 £10.561 0.220
Brunnstrom stage 3.68 +0.863 3.89+0.801 0.353
SSQOL 156.36 + 23.429 154.67 £17.236 0.762
FM balance meter 8.54 +0.999 8.52+0.700 0.942
FMA of lower limbs 20.07 +5.643 21.22 £5.820 0.460
RMI 8.75+1.936 8.44 +1.281 0.495
HWAS 2.86 £ 0.756 2.81+0.736 0.834
TUG ins 32404 £14.726 29.643 +£12.348 0.455
Stride frequency as step/min 76.018 +19.978 86.093 +17.100 0.050
Stride speed in cm/s 45.643 £19.187 53.389 £ 23.009 0.180
Stride length in cm 70.054 +18.921 72426 +24.722 0.690
Lng 1360.61 + 774.611 1463.70 + 1061.382 0.682
Area 1889.64 +1334.954 2165.63 + 1474.666 0.470
TL index 0.901 +0.361 0.941 + 0883 0.828

Data are mean # standard deviation. Area: Gravity center moving track area; BADL: Basic activities of daily living; FMA: Fugl-Meyer-Assessment scores;
HWAS: Holden Walking Ability Scale; Lng: Gravity center moving track length; MMSE: Mini-mental state examination; RMI: Rivermead Mobility Index;
SSQOL: Stroke-Specific Quality of Life Scale; TL index: Track length per unit area; TUG: Time Up and Go test.

wk were better than that of the 2 wk before, there was no statistically significant difference (P > 0.05). By contrast, the
above indexes of A3 group were significantly better after 2 wk than before 2 wk (P < 0.05).

Comparison of the amount of change in clinical outcomes

We used the change from baseline to 2 wk later as the effect size to objectively compare the efficacy of the two groups,
which could overcome the inconsistencies in the baseline and be more objective and accurate than the direct comparison
of efficacy results after treatment. The results of the efficacy comparison between the A3 and control groups are shown in
Table 3.

We could find that adding the A3 robot intervention to the control group significantly improved patients' BADL,
SSQOL, FM balance meter, FMA, RMI, HWAS, and TUG scores (P < 0.01), and the A3 rehabilitation robot can
significantly improve the temporal and spatial parameters of patients in terms of gait frequency, stride length, and gait
speed (P < 0.01). In terms of balance, the A3 rehabilitation robot group showed significantly higher improvement in Lng
and TL indices than the control group (P < 0.05); however, there was no significant difference in improvement in Area (P
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Table 2 Comparison of two groups before and after intervention

A3 group Control group
Outcome

Baseline 2 wk Baseline 2 wk
BADL 67.14 + 15.836 86.43 +10.874" 71.67 +10.561 75.19 + 9.556°
SSQOL 156.36 + 23.429 178.93 £ 23.650° 154.67 +17.236 158.74 £ 17.295°
FM balance meter 8.54 0.999 9.75 % 1.456" 8.52 % 0.700 8.70 £ 0.542°
FMA (lower limbs) 20.07 £ 5.643 2357 £ 5.473° 21.22 +5.820 2219 £ 6.032°
RMI 8.75+1.936 10.82 £ 1.679" 8.44 +1.281 8.85 £ 1.460°
HWAS 2.86 +0.756 3.75 + 0.585" 2.81+0.736 2.93 +0.675"
TUG(s) 32.404 £14.726 20.029 +7.228° 29.643 +12.348 26.842 + 9.600°
Stride frequency as step/min 76.018 +19.978 94.857 +17.678" 86.093 +17.100 89.889 +13.480"
Stride speed in cm/s 45.643 £19.187 90.768 + 77.937° 53.389 + 23.009 61.796 £ 21.825"
Stride length in cm 70.054 +18.921 99.500 + 26.606 72.426 % 24.722 81.111 + 22.263°
Lng 1360.61 + 774.611 925.36 + 408.597° 1463.70 + 1061.382 1397.04 + 948.131°
Area 1889.64 + 1334.954 980.96 + 728.462" 2165.63 + 1474.666 1755.59 + 987.181"
TL index 0.901 £ 0.361 1.352 £ 0.665° 0.941 + 0883 0.952 £ 0.499"

Data shown are mean + SD, P values are from t-test and chi-square test.

P < 0.05, comparison of the same group before and after the intervention.

PP > 0.05, comparison of the same group before and after the intervention.

Area: Gravity center moving track area; BADL: Basic activities of daily living; FMA: Fugl-Meyer-Assessment scores; HWAS: Holden Walking Ability Scale;
Lng: Gravity center moving track length; RMI: Rivermead Mobility Index; SSQOL: Stroke-Specific Quality of Life Scale; TL index: Track length per unit
area; TUG: Time Up and Go test.

Table 3 Comparison of the amount of change in clinical outcomes

Change A3 group Control group P value
BADL 19.286 + 12.150 3.518 + 4.344 <0.01
SSQOL 22571 +7.988 4.074 2510 <0.01
FM balance meter 1.214 £ 0.832 0.185 + 0.396 <0.01
FMA 3.500 + 3.805 0.963 + 2.084 <0.01
RMI 2.071£1.215 0.407 £ 0.572 <0.01
HWAS 0.893 £ 0.629 0.111 + 0.320 <0.01
TUG 12.376 + 8.997 2.801 £ 3.430 <0.01
Stride frequency 18.839 £ 11.236 3.796 +£10.829 <0.01
Stride speed 45.125 £ 69.409 8.407 £10.202 0.009
Stride length 29.446 +16.624 8.685 +10.736 <0.01
Lng 435.250 £ 570.537 66.666 £ 517.694 0.015
Area 908.678 + 972.848 410.037 + 1186.491 0.094
TL index 0.451 £ 0.543 0.012 £ 0.732 0.014

Data shown are mean * SD, P values are from t-test. Area: Gravity center moving track area; BADL: Basic activities of daily living; FMA: Fugl-Meyer-
Assessment scores; HWAS: Holden Walking Ability Scale; Lng: Gravity center moving track length; RMI: Rivermead Mobility Index; SSQOL: Stroke-
Specific Quality of Life Scale; TL index: Track length per unit area; TUG: Time Up and Go test.
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Subacute stroke patients were recruited (7 = 85)

Excluded (7 = 25):

Sequelae stage (> 6 months) 77 = 10;
Brunnstrom stage not up to standard (<) 7 = 9;
Short term multiple strokes (= 2 time) 7 = 2;
The condition is unstable 7 = 4

— Randomised (7 = 60) [

Allocated to A3 group (7 = 30) Allocated to control group (7 = 30)
Lose (7 = 2): Lose (7 = 3):
Not willing to continue 7 = 1; Participated in other clinical trials and interventions 77 = 2;
discharge from hospital 7 = 1 Dropped out because of complications 7 = 1
A3 group analyised (7 = 28) Control group analyised (7 = 27)

Figure 4 Recruitment allocation flow diagram of this study.

= 0.094).

Safety and adverse events
In this study, there were no serious adverse events in either group and no adverse effects in the control group. In the A3
group, 2 patients reported crotch-pulling pain during weight loss, which was reduced or disappeared after appropriate
adjustment of the weight loss index and adjustment of wear, and all discomfort disappeared completely within 1 h after
completion of the A3 robot.

DISCUSSION

The purpose of this randomized controlled trial was to compare the short-term therapeutic effects of the A3 gait robot
combined with conventional walking training on the improvement of motor function and balance coordination in stroke
patients; thus, providing medical evidence for the clinical value of this robot. Our results showed that the combined
treatment improved walking function more significantly than traditional gait training in the short term. Notably, the
control group showed a numerical but not statistically significant improvement in balance parameters, HWAS, and Stride
frequency after 2 wk. After team discussion and analysis, we agreed that this may be related to the small sample size and
the short duration of the intervention, after all, 2 wk of regular walking training showed limited improvement in patients
in Brunnstrom stage III, because we included patients who were able to stand and had a walking base. At least for the
indicator of stride frequency, our results are consistent with those of Yu et al[19] in that 2 wk of training did not change
the patients' stride frequency, which could reasonably explain the clinical benefit but no statistical difference. When we
used the amount of change before and after the intervention as an effect size to compare the efficacy of the two groups, all
results (including quality of life, walking ability, gait parameters, motor balance function, efc., except Area, showed
greater improvement in the A3 group than in the control group. This also suggests that a 2-wk robotic intervention can
accelerate the improvement of gait and balance coordination function in the lower extremities of patients with subacute
stroke. Understood from another perspective, we believe that perhaps the duration of the robotic intervention is
recommended to be 2 wk or longer to see a significant improvement, because in the present trial, even with 2 wk of
robotic intervention, there was still no significant difference in one of our 13 outcome indicators.

We chose to use this A3 robot from China Yikang because the product has its own characteristics. Compared to the
Walkbot and Lokomat robots that are widely used today, the A3 system optimizes the training program and gait data by
incorporating the normal gait curves of the Chinese population. Compared to the two foreign systems, the system
analyzes results that are more suitable for the exercise patterns of the experimental population, reduces the error of the
experimental results, and ensures that the patients establish the correct exercise patterns. In addition, the lower limb
exoskeleton size of the A3 robot, which has been applied and improved for more than 10 years, conforms to the physical
characteristics of Chinese people, and the changes in the results before and after the experiment can effectively reflect the
treatment efficacy. The adjustable hip and knee offset range in the A3 system is -10°-10 degrees, with 20 adjustable steps,
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which can gradually correct abnormal movement patterns during training. Not only that, the A3 robot also has a spasm
detection and stopping protection function, which can satisfy all stages of walking rehabilitation in the early stage of
stroke patients' rehabilitation treatment with the dynamic and static weight reduction function. Adjustable active and
passive training guiding force adapts to different training progress of patients, providing challenging training and
stimulating neural remodeling. And the rich gaming experience of A3 with no less than six game scenes and visual input
feedback help activate new neural circuits and realize neural remodeling. Considering these reasons, we believe it is
necessary to conduct this study to validate the efficacy of the A3 robot.

Our innovation is to observe whether a short-term A3 robotic intervention is effective in improving lower extremity
walking and balance in patients with subacute stroke, in addition to using a combination of objective instrumental
measurements and subjective scales, which is more objective and reliable. Several previous studies[27,28] have reported
the effects of lower extremity robotics compared to conventional walking training in patients with subacute stroke, but
more attention has been paid to the long-term effects between 1 and 2 mo or 6 mo later[29]. Considering the limited
resources and time cost, it is difficult for many patients to complete the entire course of treatment, thus affecting the
judgment of the therapeutic effect of this product. Therefore, our study focused on its short-term benefits. Compared with
previous similar studies we developed more stringent screening inclusion criteria, focusing on patients with certain
walking potential within 6 mo after the onset of disease, to most intuitively measure and compare patients' function
before and after the intervention. Furthermore, the total length and total area of the walking trajectory of patients were
also included in the comparison and analysis of outcome indicators, reflecting patients' dynamic balance and walking
stability. Barthel Index and SSQOL scores were also analyzed and compared to more fully assess patients' functional
walking ability in daily life rather than just the immediate improvement after training.

There is some basis for the hypothesis that lower extremity robots promote mechanisms of walking and balance. By
altering mitochondrial dynamics, exercise training improves skeletal muscle oxidative capacity[30]. The exoskeleton part
of the A3 robot wraps around the patient's lower limbs to drive walking, which enhances the patient's proprioception and
leads to an easier somatosensory sensation, which is also one of the reasons for the improved balance function[27]. The
A3 robot's weight reduction system allows for lateral weight shifting to reduce the weight on the affected side to help the
patient develop a symmetrical gait pattern[31,32]. Some studies suggest robot improves stability by altering muscle
coordination patterns, partial weight-bearing gait training results in changes in the average burst amplitude of the
gastrocnemius and tibialis anterior muscles[33], with changes in the amount of body weight support and control of stride
frequency, there is greater activation of the gastrocnemius and less activation of the tibialis anterior, and this change in
muscle coordination patterns will provide better stability[34]. There is also support for gait robots to increase the firing
rate of motor neurons without altering muscle strength[35]. In addition, the A3 robot's visual feedback and dystonia
sensing system will have a beneficial effect on motor control in stroke patients. According to the view of Lam et al[36]
scholars, the process of stroke patients restoring walking ability through robot-assisted gait training is an adaptive
change. The improvement in the A3 group was the combined effect of multiple interventions including an exoskeleton
robot, weight loss training, and visual feedback.

This study also had some limitations. The sample size was small and not representative of the training effect in the
majority of stroke patients,. Second, due to the short observation period, we cannot know whether the 2-wk training
effect is sustainable. In addition, we did not perform kinetic or electromyographic (EMG) data, nor did we have brain
imaging such as electroencephalogram (EEG), near-infrared (NIR) imaging, or MRI, which may help to determine the
mechanism of action of the lower limb robot. Third, the balance parameters and gait time parameters we used are
probably not comprehensive enough; however, the available assessment tools are not precise enough for certain metrics (
e.g., hip, knee, and ankle mobility, which varies partially from patient to patient due to patient size and sensor
positioning), and we have chosen the most precise metrics possible.

For prospects, we venture to speculate, based on the results of this study, that patients with subacute phase stroke will
require at least 2 wk or more of lower extremity robotic intervention over 6 mo to achieve significant gait and balance
improvements, which will need to be verified by further studies. In addition, future research is proposed to combine
brain-computer interfaces, EEG, EMG, NIR, and MRI imaging to explore the mechanisms of robotics to improve gait and
balance.

CONCLUSION

The 2-wk A3 robotic intervention combined with conventional lower extremity training significantly improved gait and
balance in subacute stroke patients and was more effective than conventional ground walking. In addition, the efficacy of
the lower extremity robot may take 2 wk or more to become apparent.
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