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Abstract

Background Robot-assisted gait training (RAGT) is an effective method for treating gait disorders in individuals
with stroke. However, no previous studies have demonstrated the effectiveness of RAGT in individuals with acute
stroke. This study aimed to investigate the effects of RAGT initiation within 1 week after onset on degree of gait
independence in individuals with hemiparetic stroke.

Methods This retrospective cohort study used propensity-score matching. Individuals admitted to Fujita Health
University Hospital after stroke onset and underwent RAGT between March 2017 and June 2023 were enrolled.
Ninety-two individuals were eligible and grouped into the acute (<7 days after the onset) and subacute groups (8-90
days after onset). RAGT was conducted using Welwalk, primarily comprising a knee—ankle—foot orthosis type robot
worn on one paralyzed lower extremity, with training sessions lasting approximately 40 min/day, occurring 3—7 days/
week. The primary outcome was the gait under supervision within 90 days of onset, which was compared between
groups using the log-rank test.

Results After propensity-score matching, 36 individuals were included in the analysis, including 18 each in the acute
and subacute groups; the participant demographics were not significantly different between the groups. RAGT was
initiated at a median of 6 and 25 days after onset in the acute and subacute groups, respectively. The Kaplan-Meier
curves after the log-rank test showed a significantly higher percentage and shorter median days to achieve gait under
supervision in the acute group than in the subacute group. The cumulative incidence of gait under supervision events
at 90 days after onset was 82.2% and 55.6% in the acute and the subacute groups, respectively. Half of the individuals
achieved gait under supervision within 49 days and 75 days in the acute and subacute groups, respectively (p=0.038).

*Correspondence:
Satoshi Hirano
sshirano@fujita-hu.acjp

Full list of author information is available at the end of the article

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12984-025-01581-4&domain=pdf&date_stamp=2025-2-26

Kato et al. Journal of NeuroEngineering and Rehabilitation

(2025) 22:42

Page 2 of 10

No significant differences were observed in the dose of rehabilitation program and gait training per day from onset to

achieving gait under supervision.

Conclusion |Initiation of RAGT within 1 week after stroke onset in individuals with hemiparesis may reduce the
number of days required to achieve gait under supervision and increase the percentage of gait under supervision.

Keywords Stroke, Cerebrovascular disease, Gait independence, Robotics, Rehabilitation, Walking

Background

Stroke is one of the leading causes of physical disability
worldwide, resulting in gait disorders [1, 2]. The percent-
age of individuals with stroke who have achieved gait
independence is estimated to be 41-85% [3]. Gait disor-
ders limit the activities of daily living and social partici-
pation [4]. Therefore, improving gait is an important goal
in stroke rehabilitation.

Robot-assisted gait training (RAGT) is an effective
method for treating gait disorders in individuals with
stroke. RAGT can provide intensive, repetitive, and task-
oriented training for individuals with hemiplegic stroke
who have difficulty walking independently by partially or
completely supporting their weight and movement using
a robotic control mechanism [5]. A systematic review
and meta-analysis reported that RAGT combined with
conventional physical therapy for individuals with stroke
is effective in improving gait independence within 3
months of stroke onset and in those who are unable to
walk [6]. Therefore, RAGT for individuals with stroke is
widely recommended in treatment guidelines [7, 8].

A retrospective study reported that early initiation
of RAGT improved the degree of gait independence in
individuals with subacute strokes, suggesting that early
initiation of RAGT may improve the degree of gait inde-
pendence [9]. It is important to start post-stroke rehabili-
tation early after stroke onset to achieve favorable clinical
outcomes [10]. However, it is not clear how early RAGT
should be initiated to improve the degree of gait indepen-
dence in individuals with stroke who are unable to walk
within 3 months of onset. The aforementioned systematic
review and meta-analysis included RCTs of individuals
with stroke 2—8 weeks after stroke onset [6]. Other sys-
tematic reviews investigating the efficacy of RAGT have
consistently shown its effectiveness in improving gait
ability among individuals with stroke within 3 months
after onset but have not included RCTs conducted within
the first week after stroke [11-13]. Therefore, the effect
of initiating RAGT in the acute phase within 1 week of
stroke onset is unclear. We hypothesized that the initia-
tion of RAGT within 1 week may improve the degree of
gait independence earlier than initiation of RAGT in the
subacute phase. To the best of our knowledge, no previ-
ous studies have demonstrated the effectiveness of RAGT
in individuals with acute stroke. This study aimed to
investigate the effect of RAGT initiation within 1 week

after onset on the degree of gait independence in individ-
uals with hemiparetic stroke.

Methods

Study design and setting

This study was designed as a retrospective cohort study
using propensity-score matching and was conducted
at Fujita Health University Hospital. This study was
approved by the Fujita Health University Institutional
Review Board (HM22-523), and conducted in accor-
dance with the STROBE guideline [14]. The requirement
for informed consent was waived due to the retrospective
study design, and individuals who did not opt out were
included in the final analysis.

Participants

Participants included individuals who were admitted
directly to Fujita Health University Hospital after stroke
onset and underwent RAGT between March 2017 and
Jun 2023. The enrolled individuals were followed for 90
days after stroke onset, and the follow-up was terminated
in August 2023.

The inclusion criteria for RAGT were as follows: (1)
hemiparetic stroke within 3 months, (2) risk of knee
buckling during gait training using ankle—foot orthosis,
(3) permission from the physician in charge to perform
RAGT, (4) age 20-85 years, (5) weight 40-95 kg, and (6)
height 140-190 cm. The exclusion criteria were as fol-
lows: (1) uncontrolled hypertension, (2) tachycardia at
rest, (3) training limitations due to cardiac or respira-
tory dysfunction, (4) lower limb circulatory disorder or
peripheral nerve disorder, (5) severe joint contracture or
deformity, (6) visual or auditory impairment hindering
training, and (7) reaching a score of five or higher in the
Functional Independence Measure (FIM) [15, 16] walk
scores within 7 days from stroke onset. Individuals who
met the inclusion criteria and underwent RAGT were
included.

Rehabilitation

Fyjita Health University Hospital has stroke care units
and a specialized ward for intensive rehabilitation. All
individuals with stroke were admitted to the stroke care
units, and rehabilitation was initiated. After acute treat-
ment was completed, the individuals were transferred to
the intensive rehabilitation ward. Before transfer to the
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Fig. 1 Overview of Welwalk WW-2000

intensive rehabilitation ward, the rehabilitation program
consisted of physical therapy, occupational therapy, or
speech—language—hearing therapy for <180 min/day, 5-7
days/week. After admission to the intensive rehabilitation
ward, the rehabilitation program consisted of physical
therapy, occupational therapy, or speech—language—hear-
ing therapy for <180 min/day, 7 days/week. The time
allocated for each therapy was coordinated by the reha-
bilitation physician in charge. RAGT was provided as a
part of the physical therapy component of the rehabili-
tation program. Physical therapy other than RAGT was
provided, including range of motion training, muscle
strengthening training, and movement training, such as
standing and gait training, using a lower limb orthosis.
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RAGT was conducted for approximately 40 min/day,
3-7 days/week. RAGT was initiated as soon as possible
after inclusion and exclusion criteria were met. The crite-
ria for the end of RAGT was mainly when the individual
was able to walk overground under supervision. In some
cases, RAGT was continued after the individual was able
to walk overground under supervision, with the aim of
improving the gait pattern. The decision to discharge an
individual from the hospital was made by the rehabilita-
tion physician after the individual had maximized their
ADL skills during the hospitalization period. The rehabil-
itation physician made the final decision by adjusting the
discharge schedule while adjusting the place of discharge.
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Fig. 2 Flow diagram of study participants

Robotic device

Welwalk (Toyota Motor Corporation, Aichi, Japan;
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Fig. 1), which was developed to support gait training in
individuals with hemiparetic stroke, was used for RAGT.
There are two versions of Welwalk: Welwalk-1000 and
WW-2000. The device consists of a low—floor treadmill,
knee—ankle—foot orthosis type robot, safety suspension
device (which can be used for body weight support),
robot weight support device, front monitor for patients,
and monitor and control panel for the therapist. The
knee—ankle—foot orthosis type robot is equipped with
a load sensor on the sole, and the gait cycle is detected
based on the load. The knee joint motor assists knee joint
flexion during the swing phase and knee joint extension
during the stance phase. Welwalk-2000 is equipped with
a 3D sensor in the front camera and has an additional
function to aid gait analysis by detecting abnormal gait
pattern. However, the basic structures are almost iden-
tical between models, and there is no difference in the
function to assist the individual’s gait. In RAGT, the
physical therapist sets the degree of robot assistance as
low as possible to the extent that it does not seriously
disrupt gait pattern or deteriorate compensatory move-
ments. The physical therapist provided minimal support
or guidance as needed.

Outcome measures
The observation period was defined as 90 days from the
onset. The primary outcome was the incidence of gait
under supervision within 90 days of stroke onset, which
was treated as time-to-event data. Gait under supervision
was defined as achieving a FIM walk score of 5 or higher.
A FIM walk score of 5 or higher, in which gait is physi-
cally established, was deemed appropriate for assessing
the effects of early RAGT initiation and was thus used
as the outcome measure. The FIM consists of 13 motor
items and 5 cognitive items and is an index with proven
reliability as an indicator for assessing independence in
activities of daily living [15, 16]. Each item is scored from
one to seven, with 1-4 indicating the need for physical
assistance, 5 indicating supervision, 6 indicating modified
independence, and 7 indicating complete independence.
The FIM motor total score is the sum of the 13 motor
items, ranging from 13 to 91 points. The FIM cognitive
total score is the sum of the five cognitive items, ranging
from 5 to 35 points. The FIM was assessed during the at
the start of rehabilitation by the therapist-in-charge.
Information on participant demographics at the start
of rehabilitation and interventions was collected. The fol-
lowing participant demographics at the start of rehabili-
tation were collected: Glasgow Coma Scale (GCS) total
score [17, 18], Stroke Impairment Assessment Set (SIAS)
motor lower extremity total score [19-21], FIM walk
score, FIM motor total score, and FIM cognitive total
score.
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The GCS has proven to be a reliable indicator of con-
sciousness [17, 18]. The GCS consists of three items: eye
opening, verbal response, and motor response, scored
from 1 to 4 for eye opening, 1-5 for verbal response,
and 1-6 for motor response. The GCS total score is
defined as the sum of the eye opening, verbal response,
and motor response scores, ranging from 3 to 15, with
3 being the most severe and 15 being normal. The GCS
score was assessed at the start of rehabilitation by the
therapist-in-charge.

SIAS has proven to be reliable and valid for assess-
ing impairments in individuals with hemiparetic stroke
[19-21]. Motor function in the lower extremities, one of
the subcategories of this assessment set, consists of hip
flexion, knee extension, and foot pad tests. Each item is
scored from O to 5, with 0 defined as no voluntary joint
movement or muscle contraction and 5 as smooth as
on the unaffected side. The SIAS motor lower extremity
total score is defined as the sum of the hip flexion, knee
extension, and foot-pat test scores, ranging from 0 to 15.
Each SIAS motor lower extremity item was assessed by
the therapist in charge at the start of rehabilitation, and
the SIAS motor lower extremity total score was used as
an index of the severity of motor paralysis in the lower
extremity.

Intervention information was collected from medi-
cal records regarding the number of days and time of
the rehabilitation program, the time of gait training dur-
ing the rehabilitation program, and the number of days
of RAGT. In addition, the actual gait time (excluding the
rest period) and gait distance during RAGT were col-
lected from the Welwalk log data. The following variables
were calculated from the collected data: number of days
from onset to the start of the rehabilitation program and
RAGT, number of days of the rehabilitation program and
RAGT from onset to achieving gait under supervision
or 90 days after stroke onset, time of rehabilitation and
gait training from onset to achieving gait under super-
vision or 90 days after stroke onset, and actual gait time
(excluding rest period) and gait distance during RAGT
from onset to achieving gait under supervision or 90 days
after stroke onset. Time of rehabilitation and gait training
was calculated based on exercise logs recorded in 5-min
increments in the medical record.

Propensity-score matching

We defined the acute phase as duration up to 7 days after
stroke onset, referring to the timeline of stroke recovery
proposed by Bernhardt et al. [22]. The subacute phase
was defined as duration from 8 to 90 days after onset.
Individuals were categorized into the acute group if they
started RAGT in the acute phase and the subacute group
if they started RAGT after the acute phase.
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This study performed one-to-one matching with the
caliper size set to 0.2 between the acute and subacute
groups based on estimated propensity scores for each
individual to match the participant demographics at 7
days after stroke onset because individuals in the acute
and subacute groups might have had different conditions.
Only 6 of the 98 individuals had missing data; even if they
were excluded, the results were not considered highly
biased. Therefore, individuals with missing data were
excluded. Previous studies have reported that factors that
predict the gait outcome in individuals with stroke are
as follows: age, stroke severity, lower limb motor func-
tion, sensory function, trunk function, balance function,
cognitive function, visuospatial cognitive function, apha-
sia, and activity of daily living [23, 24]. Thus, propensity
scores were calculated using the following variables: age,
affected side, GCS total score, SIAS motor lower extrem-
ity total score, FIM motor total score, and FIM cognitive
total score, collected as participant demographics at the
start of rehabilitation. Previous studies did not report the
affected side and the GCS total score as predictors of gait
outcome in individuals with hemiparetic stroke [23, 24].
However, we considered that these variables would affect
gait outcomes, as the affected side can affect visuospatial
cognitive function and the incidence of aphasia [25, 26],
and consciousness, as assessed by the GCS, is part of the
stroke severity assessment [27, 28]. Therefore, we added
these variables as factors to calculate propensity scores.

Data analysis

In the analysis of the primary outcome, the cumulative
incidence of under supervision during the observation
period was analyzed using the Kaplan—Meier method,
and the log-rank test was used to evaluate the signifi-
cance of differences in the incidence of gait under super-
vision between the two groups. The cumulative incidence

Table 1 Participant demographics
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of gait under supervision events at 90 days after stroke
onset and the median number of days from onset to
achieving gait under supervision were calculated. Indi-
viduals who did not achieve gait under supervision or
died during the observation period were censored.
Participant demographics and intervention informa-
tion were summarized as median and interquartile range
for continuous variables and frequency for categorical
variables. Differences in these outcomes between the
two groups were compared using chi-square and Mann—
Whitney U tests. All statistical analyses were performed
using EZR (Saitama Medical Center, Jichi Medical Uni-
versity, Saitama, Japan), a graphical user interface for R (R
Foundation for Statistical Computing, Vienna, Austria)
[29]. Statistical significance was set at values of p <0.05.

Result
During the study period, 663 individuals with stroke were
admitted to the emergency units, started rehabilitation,
and were transferred to the specialized ward for intensive
rehabilitation. Of these, 98 individuals received RAGT.
We analyzed the results of these 98 individuals in this
study. Of them, 92 were included in the study after 6 with
missing data were excluded. The eligible individuals were
grouped into the acute group (n=22) and subacute group
(n=70). Four individuals in the acute group and 52 in the
subacute group were excluded using propensity score
matching. Ultimately, 36 individuals were included in the
analysis, including 18 each in both groups (Fig. 2).
Participant demographics at the start of rehabilita-
tion in the acute and subacute groups for all individu-
als and propensity score-matched individuals are shown
in Table 1. Before propensity-score matching, the total
GCS score was higher in the acute group than in the
subacute group. No difference in other variables was
observed between the two groups. After propensity-score

Unmatched groups Matched groups

Acute group Subacute group pvalue  Acute group Subacute group p

(n=22) (n=70) (n=18) (n=18) value
Age, years, median (IQR) 68.5(54.0-76.0) 68.5(56.3-76.0) 0.942 69.0(60.3-76.0) 68.0(55.8-78.0) 0.776
Height, cm, median (IQR) 163.0(155.8-165.0) 162.5(155.0-170.0) 0.734 162.5(155.8-165.0) 160.0(156.3-167.3) 0.975
Weight, kg, median (IQR) 55.6(51.3-69.4) 55.5(50.7-62.0) 0.637 55.6(52.3-69.4) 55.0(45.6-63.4) 0323
Sex, male / female, n 1379 46/ 24 0.756 10/8 14/4 0.289
Lesion type, hemorrhage/ infarction /SAH/ ~ 14/8/0/0 44/23/2/1 0.800 12/6/0/0 12/5/1/0 0.580
mixture, n
Affected side, right / left, n 14/8 28/ 42 0.090 10/8 1/7 0.999
GCS total score, median (IQR) 14.0(14.0-15.0) 13.0(12.0-14.0) 0.006 14.0(13.3-15.0) 14.0(13.0-14.0) 0.359
SIAS motor LE total score, median (IQR) 1.5(0.0-4.8) 1.0(0.0-3.8) 0.523 1.5(0.0-4.0) 1.0(0.0-2.8) 0.602
FIM walk score, median (IQR) 1.0(1.0-1.0) 1.0(1.0-1.0) 0.593 1.0(1.0-1.0) 1.0(1.0-1.0) 0.999
FIM motor total score, median (IQR) 13.0(13.0-14.5) 13.0(13.0-18.0) 0.389 13.0(13.0-16.0) 13.0(13.0-14.5) 0.841
FIM cognitive total score, median (IQR) 20.0(12.3-24.8) 13.5(9.0-22.0) 0.128 18.5(12.3-24.8) 14.5(10.3-21.5) 0.303

FIM, Functional independence measure; GCS, Glasgow Coma Scale; IQR, interquartile range; SAH, subarachnoid hemorrhage; SIAS motor LE, Stroke impairment

assessment set motor lower extremity total score
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matching, no significant difference was noted in the par-
ticipant demographics. RAGT was initiated at a median
of 6 days after onset in the acute group and 25 days in the
subacute group. The median value of RAGT intervention
period was 18.5 days and 18.0 days in acute and subacute
groups, respectively.

The Kaplan—-Meier curves after the log-rank test
showed a significantly higher percentage and shorter
median days to achieve gait under supervision in the
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acute group than in the subacute group (Fig. 3). The
cumulative incidence of gait under supervision events
at 90 days after stroke onset was 82.2% (95% confi-
dence interval [CI]: 61.5-95.6%) and 55.6% (95% CI:
34.9-78.4%) for the acute group and the subacute group,
respectively. Half of the individuals achieved gait under
supervision at 49 days (95% CI: 26.0-75.0 days) and 75
days (95% CI: 56.0—Not calculated days) in the acute and
subacute groups, respectively (p =0.038). The number of

B

N
(&)

Cumulative incidence of gait under supervision events (%)

(@)

7 14 21

28 35 42 49 56 63 70 77 84 91

Number of days from onset to event (days)

Fig. 3 The number and percentage of days from onset to achieving gait under supervision in the acute and subacute groups. The vertical axis shows the
cumulative incidence of gait under supervision events, and the horizontal axis shows the number of days from onset to the event. The red line represents
data for the acute group, and the black line represents data for the subacute group
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Table 2 Information on intervention

Acute group Subacute group p value

(n=18) (n=18)
Days from the onset to the initiation of rehabilitation program, median (IQR) 1.0 (1.0-1.0) 1.0(1.0-1.0) 0.861
Days from the onset to the initiation of RAGT, median (IQR) 6.0 (5.3-7.0) 25.0(20.5-39.3) <0.001
Days of rehabilitation program to event, median (IQR) 42.0(19.8-62.0) 68.0 (52.8-79.8) 0.030
Days of RAGT to event, median (IQR) 18.5(14.3-35.8) 18.0 (11.0-27.5) 0.704
Dose of rehabilitation program to event, min, median (IQR) 6,430 (3,430-10,815) 10,960 (8,875-13,050) 0.041
Dose of gait training to event, min, median (IQR) 943 (680-1,855) 1,685 (1,105-2,269) 0.064
Dose of rehabilitation program to event per day, min/day, median (IQR) 170.7 (165.9-176.6) 167.1 (161.9-169.9) 0.248
Dose of gait training to event per day, min/day, median (IQR) 31.9(26.5-39.7) 28.1(19.6-34.2) 0.194
Actual gait time during RAGT to event, min, median (IQR) 226.2 (137.4-422.9) 2304 (130.4-354.6) 0.864
Actual gait time during RAGT to event per day, min/day, median (IQR) 11.7 (83-14.2) 124 (8.6-14.8) 0.752
Gait distance during RAGT to event, m, median (IQR) 2,426 (1,027-4,033) 2,590 (1,008-3,289) 0.563
Gait distance during RAGT to event per day, m/day, median (IQR) 999 (79.1-174.7) 96.9 (81.1-136.2) 0.696

IQR, interquartile range; RAGT, robot-assisted gait training

days from stroke onset to the initiation of RAGT was sig-
nificantly shorter in the acute group than in the subacute
group, but the number of days of RAGT did not differ
significantly between the two groups (Table 2). The time
of rehabilitation and gait training, actual gait time, and
gait distance per day from onset to achieving gait under
supervision or 90 days after stroke onset did not differ
significantly between the two groups (Table 2).

The length of stay in hospital was a median of 104.5
days (interquartile range [IQR]:77.5-125.3 days) in the
acute group and 132.5 days (IQR 114.8-152.3 days) in the
subacute group, with the acute group being significantly
shorter than the subacute group (p =0.046).

Discussion

We examined the differences in achieving gait under
supervision within 90 days of stroke onset in the acute
and subacute groups of demographically similar indi-
viduals, categorized whether they started RAGT within
1 week after stroke onset. Our results showed that the
Kaplan—Meier curve differed significantly between the
two groups. Compared to individuals who did not receive
early RAGT, those who received early initiation of RAGT
demonstrated exhibited a higher percentage of gait under
supervision achieved in a shorter duration. In addition,
individuals who started early RAGT were able to be dis-
charged earlier.

A cohort study on the effects of RAGT on the degree
of gait independence in individuals with subacute stroke
reported greater improvement in the degree of gait inde-
pendence in individuals who started RAGT approxi-
mately 2 weeks after stroke onset than in those who
started RAGT approximately 7 weeks after stroke onset
[9]. Here, the question has been whether there is any ben-
efit to starting as early as possible, and whether starting
within the first week, the acute phase of stroke, is more
effective than starting later. The study clearly showed that

starting RAGT in the acute phase, i.e. within one week of
stroke onset, is more effective than starting it in the later
phase.

This study showed that the early initiation of RAGT
in the acute phase enhances the degree of gait indepen-
dence. There are several possible explanations for these
results. First, robotic assistance may have contributed to
the early provision of task-specific repetitive training and
facilitated motor learning. In stroke rehabilitation, inten-
sive and task-specific training, which is an important fac-
tor in promoting motor learning, enhances therapeutic
effects [30]. However, it is not easy to provide a sufficient
amount of task-specific training, such as gait training, to
individuals with severe gait impairment in the early post-
stroke period because of the high burden on therapist
[31-33]. Previous studies have reported that RAGT can
reduce the burden on therapists and allow faster speed
and longer distance gait training than conventional gait
training does [5, 34, 35]. Therefore, we speculate that
RAGT can provide repetitive gait training from the early
onset of stroke, resulting in early gait under supervision.
Second, repetitive gait training early after stroke may pre-
vent disuse. Individuals with stroke are prone to disuse
because of their low activity [36]. Individuals with acute
stroke are more likely to be inactive than those with sub-
acute stroke; moreover, this tendency is stronger in the
early post-onset period [37, 38]. To prevent disuse, it is
important to enhance out-of-bed activity during the early
stages of stroke [36]. Therefore, early initiation of RAGT
may have contributed to preventing disuse that may have
occurred during the acute phase, thereby facilitating the
early achievement of gait under supervision.

The early initiation of RAGT reduces the number of
days to achieve gait under supervision and increases the
percentage of individuals achieving gait under super-
vision. Furthermore, the length of stay in hospital was
shorter in the acute group than in the subacute group,
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and the results suggest that early achievement of gait
under supervision through early RAGT may contribute
to a shorter length of stay in hospital. This result supports
a previous study showing that improvements in indepen-
dence, including gait, were related to a shorter length of
stay in hospital [39]. In addition, there have been reports
that reducing the length of hospital stays can lead to a
reduction in economic costs, which is meaningful [40].
Furthermore, an increase in the percentage of achieving
gait independence may contribute not only to improved
activities of daily living but also to a better quality of life
[41]. Therefore, we believe that RAGT should be actively
implemented soon after the onset of stroke.

This study had several limitations. First, this was a
single-center, retrospective cohort study. There are limi-
tations to generalizing the results of this study to all indi-
viduals with hemiparetic stroke; thus, caution should
be exercised when interpreting these results. Secondly,
there may have been a selection bias because the start
of RAGT required permission from the physician in
charge. Although propensity-score matching was used
to match demographic characteristics in the present
study, differences in characteristics between groups can-
not be removed completely. There may be factors behind
the decision of the physician in charge that could not be
controlled in this study, including the severity of stroke
and presence of comorbidities and neurocognitive disor-
ders such as hemispatial neglect and pusher syndrome.
Furthermore, the data used for matching were obtained
at the start of rehabilitation and not 7 days after stroke
onset. Changes between the start of rehabilitation and 7
days after onset may have led to biased results. Thirdly,
we used the FIM walk score as the primary outcome
measure. The FIM walk score is an indicator for evaluat-
ing the implementation status on the ward, so there is a
possibility that it will underestimate the gait ability of the
individual. Therefore, it might be better to use an indi-
cator of ability such as the Functional Ambulation Cate-
gory. In future prospective studies, we will consider using
the most appropriate measure of gait ability, including
other measures.

Conclusion

Initiation of RAGT within 1 week after onset in individu-
als with hemiparetic stroke has the potential to reduce
the number of days required to achieve gait under super-
vision and increase the percentage of individuals who
achieve gait under supervision.

Abbreviations

FIM Functional independence measure
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