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Stroke frequently causes persistent motor impairment and dependence in activities of daily living (ADL). Virtual
reality (VR) offers immersive, repetitive, task-specific training that may promote neuroplasticity. This study aimed
to investigate the efficacy of VR-based task-oriented training in enhancing motor function and ADL among pa-
tients during the subacute phase of stroke recovery.

Eligible patients with stroke (April 2022-March 2024) were randomly allocated to either a control group (con-
ventional task-oriented training) or intervention group (VR-based task-oriented training) using a computer-
generated randomization sequence. Both cohorts received standard rehabilitation. Changes in Fugl-Meyer
Assessment (FMA) and Barthel Index scores over 4 weeks served as the primary and secondary outcomes, re-
spectively. All 64 patients completed the study, with no dropouts.

A total of 64 patients were enrolled, with 32 individuals each in the control and intervention groups. Baseline
characteristics and initial scores showed no significant differences (all P> 0.05). After 4 weeks, analysis of co-
variance adjusting for baseline values demonstrated that the intervention group achieved significantly higher
adjusted mean scores across all parameters: Total FMA (P<0.001, np?=0.526), FMA-upper extremity (P<0.001,
np?=0.458), FMA-lower extremity (P <0.001, np?=0.475), and Barthel Index (P<0.001, np?= 0.536).
VR-based task-oriented training was associated with significantly greater improvements in motor function and
ADL compared with traditional methods. The observed improvements exceeded established minimal clinical-
ly important differences, suggesting clinical relevance. This technology serves as a promising adjunct to stroke
rehabilitation, although further large-scale research is recommended.
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Introduction

Stroke, a cerebrovascular disease characterized by acute dis-
ruption of cerebral blood flow, can result from thrombosis, isch-
emia, or cerebral hemorrhage [1,2]. Evidence from the Global
Burden of Disease, Injury, and Risk Factors Study indicates that
stroke significantly increases the global risk of death or dis-
ability, ranking it as the second leading cause of death world-
wide [3]. With a 1-year mortality rate of 14.3%, stroke poses
a severe threat to patients’ health [1]. Approximately 80% of
stroke survivors experience varying degrees of focal weakness,
manifesting as motor impairments in the arms, legs, or face,
alongside symptoms such as aphasia, dysarthria, hemiplegia,
ataxic gait, abnormal eye movements, or visual field deficits.
Despite rehabilitation efforts, more than half of all stroke sur-
vivors were dependent on others for everyday activities [4-6].
These functional limitations and disabilities substantially im-
pair daily activities, hindering improvements in quality of life
[7,8]. Consequently, targeted rehabilitation interventions for sub-
acute stroke survivors have become a global consensus [9-11].

In current clinical practice, neurorehabilitation interventions
based on motor relearning and neuroplasticity theories have
been widely implemented. These include task-oriented move-
ment training, motor imagery, mirror therapy, and neurofeed-
back therapy, which effectively improve patients’ limb move-
ment, trunk control, sitting balance, and activities of daily
living (ADL) [12]. However, traditional rehabilitation training
faces limitations such as equipment constraints and patients’
attention deficits, which compromise training effectiveness
[13]. Advances in computer technology have propelled VR into
stroke rehabilitation, primarily categorized into 3 types: im-
mersive VR, semi-immersive VR, and non-immersive VR [14].
Semi-immersive VR and non-immersive VR typically operate
in a 2-dimensional (2D) environment displayed on computer
screens or gaming consoles. The key difference is that non-im-
mersive VR users interact through input devices like mice and
joysticks, while semi-immersive VR employs infrared sensors
to detect user movements. Immersive VR systems, equipped
with head-mounted displays and 3D interaction devices, en-
able deeper engagement with virtual environments. Studies
have demonstrated significant efficacy of VR training for stroke
patients [15-17], with mechanisms including: creating time-
space-geographically unrestricted immersive simulations [18];
enabling real-time 2-way interactions (eg, physical feedback
during virtual object grasping) [19,20]; integrating multisen-
sory feedback (visual and auditory) to enhance cerebral cor-
tex activity; promoting functional brain network reorganiza-
tion; and effectively stimulating neuroplasticity to facilitate
motor learning and functional recovery [21]. Multiple meta-
analyses indicate that while VR applications demonstrate sig-
nificant improvements in upper limb motor function, hand
dexterity, and trunk control for patients with stroke, existing
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evidence regarding lower limb function, balance, and ADL re-
mains limited and inconsistent [22-27]. Moreover, the effec-
tiveness and precise effect of various VR technology applica-
tions require further verification [25,28].

Therefore, this study aims to investigate the effects of VR-based
task-oriented training, specifically using the novel XY-Kinapsys
system, on motor function and ADL capabilities in hospitalized
patients with subacute stroke. We hypothesized that, com-
pared with conventional task-oriented training, a 4-week reg-
imen of VR-based task-oriented training would lead to signif-
icantly greater improvements in motor function, as measured
by the Fugl-Meyer Assessment (FMA), and in ADL, as mea-
sured by the Barthel Index, in patients with subacute stroke.

Material and Methods

Study Design and Patients

This randomized controlled trial enrolled patients with sub-
acute stroke who received treatment at our hospital between
April 2022 and March 2024. The study was approved by the
Ethics Committee of Zhejiang Rehabilitation Medical Center
(approval No. ZKLL2022030001). All participants signed in-
formed consent forms (including human image acquisition)
and explicitly agreed to participate voluntarily to improve fu-
ture patients’ quality of life. Patients could withdraw at any
time during the study, with all arrangements communicated
in advance. This study strictly adhered to the ethical principles
outlined in the Declaration of Helsinki and was registered in
a clinical trial registry. In our center, a 4-week (approximate-
ly 1-month) intensive inpatient rehabilitation program consti-
tutes the standard of care for patients with subacute stroke.

The inclusion criteria were (1) a confirmed diagnosis of first-epi-
sode stroke based on the diagnostic standards of the Neurology
Branch of the Chinese Medical Association [29]; (2) age over
40 but less than 75 years; (3) subacute phase (>1 week and
<3 months after stroke onset) with stable vital signs; (4) alert
and oriented, with Mini-Mental State Examination (MMSE)
score of 21 or higher, normal communication abilities, and a
Brunnstrom stage greater than 3 [30]; (5) hemiplegia; (6) bi-
lateral visual acuity or corrected visual acuity over 1.0; and
(7) patients who provided signed informed consent. The ex-
clusion criteria were (1) disturbance of limbs caused by oth-
er diseases; (2) psychiatric disorders that might interfere with
treatment compliance; (3) multiple organ dysfunction; and (4)
visual or auditory impairments. Dropout criteria included (1)
patients who did not strictly follow the study protocol; (2) vol-
untary withdrawal; (3) inability to continue treatment due to
worsening condition or discharge. All patients were fully in-
volved in the study.
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Table 1. Detailed specifications of virtual reality—based task-oriented training.

Target movements

Watering Shoulder flexion/ HMD, seated
flowers extension, elbow control

Lighting Shoulder abduction, HMD, seated
candles precise pointing

Forest Lateral weight shifting, Screen, standing
traversal dynamic balance

Soccer Hip/knee flexion, single- Screen, standing
kicking leg stance

Tennis Limb coordination, trunk Screen, standing
playing rotation

Device and posture

Duration per
session

Difficulty progression (Levels 1 to 5)

6 min Pot size: large — small
Distance: near — far
Time limit: none — present
6 min Wick size: large — small
Stability requirement: low — high
6 min Obstacle speed: slow — fast
Path width: wide — narrow
6 min Goal size: large — small
Ball speed: slow — fast
Direction: fixed — random
6 min Ball speed: slow — fast

Ball placement: center — corners
Mode: feeding — rally

Safety measures: Therapist supervises throughout. The headset is used only for seated upper-limb training; standing/balance tasks
use the screen, fundamentally eliminating fall risks due to visual obstruction. Abbreviations: HMD, head-mounted display.

Intervention

Members of the project team enrolled patients with subacute
stroke in our hospital in strict accordance with the inclusion
and exclusion criteria. Eligible patients were randomly allo-
cated to the control group or the intervention group ina 1: 1
ratio using a computer-generated random number sequence.
Allocation concealment was maintained using sequentially
numbered, opaque, sealed envelopes prepared by an investi-
gator who was not involved in participant enrollment or treat-
ment. The researcher responsible for group assignment did
not participate in outcome assessment or statistical analysis.
Outcome measures were collected by trained evaluators who
were blinded to group allocation, ensuring separation of the
roles of researchers, intervention operators, and statisticians.

A total of 64 patients were included in this study, with 32 in-
dividuals assigned to the control group and 32 individuals in
the intervention group. The standard inpatient rehabilitation
protocol remained consistent for all participants throughout
the study period, as did the core clinical team overseeing care.

All participants in the control and intervention groups re-
ceived standard rehabilitation therapy, including active/pas-
sive training for the hemiplegic side (either assisted by med-
ical staff or performed by patients under guidance), muscle
strength exercises, gait training, balance training, and physi-
cal therapy (eg, Rood and Bobath techniques) [31,32], admin-
istered once daily for 40 minutes, 5 days a week, with 2 days
of rest, over a 4-week cycle.
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The control group received additional conventional task-ori-
ented training alongside standard rehabilitation. The training
involved functionally meaningful activities such as wiping ta-
bles, moving objects of varying weights, simulating eating and
drinking, and retrieving items while walking. To ensure progres-
sion, the difficulty level was increased every 1 to 2 weeks by a
trained therapist based on the patient’s performance. For ex-
ample, progression was achieved by increasing the weight of
objects to be moved (from 0.5 kg to 2 kg), reducing the base of
support during standing tasks (from bilateral stance to semi-
tandem stance), or increasing walking distance or obstacle
complexity. To ensure standardization across different thera-
pists, a detailed treatment manual was developed, specifying
the initial parameters for each activity, the criteria for progres-
sion (eg, successful completion of 8 out of 10 repetitions on 2
consecutive sessions), and maximum allowed assistance levels.
All sessions were delivered in a one-on-one format by trained
physical or occupational therapists who were not involved in
outcome assessment. This was conducted once daily for 30 min-
utes, 5 days a week, with 2 days of rest, over a 4-week cycle.

The intervention group underwent task-oriented training us-
ing VR technology (XY-Kinapsys devices provided by Xiangyu
Medical Equipment Co, Ltd) in addition to standard rehabilita-
tion therapy. The system used the XY-Kinapsys platform with
a Kinect v2 depth sensor for motion capture, featuring a res-
olution of 512 x 424, field of view of 70.5° x 60°, latency of ap-
proximately 50 ms, and operating range of 0.5 to 4.5 m. Before
training, patients received special guidance on the wearing of
VR devices, the number of training groups and the number of
repetitions. Therapists assessed and configured virtual scenar-
io items and training durations (Table 1).
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Figure 1. XY-Kinapsys virtual reality (VR) device and its
application in rehabilitation therapy. (A) The XY-
Kinapsys VR equipment (Xiangyu Medical Equipment
Co, Ltd, China) used in this study. (B, C) The participant
completed tasks under the supervision of the
rehabilitation therapist using an external display.

Upper Limb Training

Participants sat wearing a head-mounted display and sen-
sors (Figure 1A, 1B) in a virtual environment. They performed
2 tasks: (1) watering flowers, in which multiple pots were dis-
played and patients selected targets based on limb mobili-
ty, with virtual sprinklers simulating watering and blooming
flowers providing visual feedback; and (2) lighting a candle,
in which a lantern with a candle was displayed, and patients
operated a torch to ignite the candle, causing the lantern to
rise and accompanied by sound effects confirming success.
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Lower Limb Training

Participants stood in a virtual environment with large-screen
projection and did not wear a head-mounted display (Figure 1C).
They completed 2 tasks: (1) forest crossing, in which forests
flanked a central road with obstacles such as stones, and pa-
tients moved left and right using lower limb movements to
avoid obstacles, earning a coin reward for each successful avoid-
ance, accompanied by applause and other auditory encour-
agement; and (2) soccer kick, in which patients stood in front
of a goal on a virtual soccer field and used lower limb move-
ments to approach and kick soccer balls appearing from dif-
ferent directions at timed intervals, earning points and cheer-
ing sounds for successful goals.

Full-Body Training

Participants stood in a virtual tennis court with large-screen pro-
jection and did not wear a head-mounted display (Figure 1C).
They performed a single task: (1) hitting a tennis ball, in which
patients approached a ball displayed on the screen using low-
er limb movements and struck it with upper limb movements,
receiving points and auditory encouragement, such as cheers,
for successful hits.

The complete training parameters are presented in Table 1.
Patients underwent a 4-week intervention, with 1 session per
day, 5 days a week (20 sessions total). Each session consist-
ed of 5 distinct VR tasks. Each task was performed for a strict
duration of 6 minutes, resulting in a total daily core training
time of 30 minutes (excluding setup and cool-down periods).
The tasks were performed in a fixed order.

The therapist monitored the patient’s training process in real
time through a display screen. Each task’s initial difficulty lev-
el was individually determined by the therapist based on the
patient’s baseline assessment, with adjustments made to the
program difficulty after evaluating the task success rate (auto-
matically recorded by the VR system). If the patient achieved an
average success rate of 85% or higher for 2 consecutive train-
ing sessions at the current difficulty level, the task difficulty
was increased by 1 level in subsequent sessions. Conversely,
if the success rate fell below 50% or the patient reported ex-
treme fatigue (Borg CR10 score >5), the difficulty level was
temporarily reduced.

Outcome Measurements

Assessments of motor function and ADL were conducted be-
fore treatment and after 4 weeks of intervention. The primary
outcome was the evaluation of motor function using the FMA
scale [33], which assesses upper and lower limb motor function.
The scale consists of 33 items for upper limb movement and
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17 items for lower limb movement, with a total score ranging
from 0 to 100. Higher scores indicate better motor function.

The secondary endpoint was the assessment of ADL using the
Modified Barthel Index [34], with a total score ranging from
0 to 100. This assessment evaluates 10 daily activities: feed-
ing, bathing, dressing, grooming, toileting, bladder and bowel
control, transfers, stair climbing, and walking. Higher scores
reflect greater independence in performing these activities. All
assessments were conducted by blinded evaluators to ensure
the separation of responsibilities among researchers, opera-
tors, and statisticians.

Sample Size

Based on relevant literature, the standardized mean differ-
ence between VR and control interventions on the FMA of mo-
tor function ranges from 0.35 to 0.45 [35]. Alternatively, im-
provements in upper limb FMA scores have been reported as
8.77 +11.17 points for the VR group, compared with 6.80+9.86
points for the control group [36]. Using the sample size calcu-
lation formula and referring to Fundamentals of Sample Size
Estimation in Clinical Research [37,38], with a significance lev-
el of a=0.05 (2-tailed) and a statistical power of 1 - p=0.8
(B=0.2), the required sample size per group was calculated
to be 26 participants. Accounting for a 20% dropout rate, the
final sample size was adjusted to 32 participants per group,
resulting in a planned enrollment of 64 patients with stroke.

_ 2(Zaj2+Zp)*xa?
(e 0)?
Statistical Analysis

Statistical analyses were performed using SPSS software (ver-
sion 27.0; IBM Corp, Armonk, NY, USA). All primary efficacy
analyses were performed on an intention-to-treat basis. The
normality of continuous data was assessed using the Shapiro-
Wilk test. Continuous variables with a normal distribution are
presented as mean + standard deviation (SD), with standard
error (SE) provided alongside parameter estimates where ap-
plicable. Non-normally distributed variables are presented as
median and interquartile range (IQR). Categorical variables are
expressed as numbers and percentages (n [%)]).

Within-group changes from baseline to after intervention were
assessed using paired-sample t tests. The magnitude of with-
in-group change was calculated as Cohen’s d with 95% confi-
dence intervals (Cls), where values of 0.2, 0.5, and 0.8 were in-
terpreted as small, medium, and large effect sizes, respectively.

The primary between-group efficacy analysis was conducted us-
ing analysis of covariance (ANCOVA). Separate ANCOVAs were
conducted with post-intervention scores for FMA total score,
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FMA-UE and FMA-LE subscales, and the Barthel Index as the de-
pendent variables. In each model, the treatment group (control
vs intervention) was entered as the independent variable, with
the corresponding baseline score as a covariate. This method
estimates the adjusted mean differences between groups, re-
flecting the treatment effect after adjusting for potential base-
line imbalances. The model assumptions of linearity, homoge-
neity of variances, and normality of residuals were checked and
met. Adjusted group means, between-group mean differenc-
es with 95% Cls, and P values were reported. The magnitude
of the between-group effect was quantified using partial eta-
squared (np?), with values of 0.01, 0.06, and 0.14 interpreted
as small, medium, and large effects, respectively.

All statistical tests were 2-sided. A P value of less than 0.05
was considered statistically significant.

Results

A total of 64 patients were enrolled and randomly assigned.
There were no post-randomization exclusions, and all 64 par-
ticipants (100%) completed the full 4-week intervention and
assessment protocol, with no missed sessions, resulting in an
adherence rate of 100%. No adverse events or adverse effects
(eg, dizziness, nausea) were reported in either group during the
study period. The mean age of participants was 61.16 +9.64
years in the control group and 60.06 +9.78 years in the inter-
vention group. The mean disease duration was 52.03 +19.62
days in the control group and 58.66 +9.94 days in the inter-
vention group. No statistically significant differences were ob-
served between the 2 groups in terms of sex, age, or disease
duration (P> 0.05) (Table 2).

The within-group changes in outcome measures from base-
line to the 4-week endpoint are presented in Table 3. Both
groups demonstrated statistically significant improvements
in all functional outcomes after the intervention period (all
P<0.001). The control group showed moderate improvements,
with Cohen’s d effect sizes ranging from 0.775 for the Barthel
Index to 2.043 for the total FMA score. The intervention group
exhibited larger improvements, reflected by larger effect sizes
ranging from 1.939 (FMA) to 2.034 (Barthel Index).

The primary between-group comparison, conducted using
ANCOVA with baseline scores as covariates, is detailed in
Table 4. After we adjusted for baseline differences, the inter-
vention group demonstrated significantly higher scores at the
4-week endpoint compared with the control group across all
outcome measures. Regarding overall motor function, the ad-
justed mean total FMA score was 59.74 +0.78 for the interven-
tion group compared with 50.61 +0.78 for the control group
(P<0.001, Mp?=0.526), also representing a large effect. For the
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Table 2. Comparison of the baseline characteristics between the 2 groups (N = 64).

Variable Control Intervention
(CEEY)) (n=32)

Sex (male/female) 24 (75.0%)/8 (25.0%) 19 (59.4%)/13 (40.6%) 1.772* 0.183
Agelyears  6116s964 60064978 0446~ 0657
CDiseasecourse 0848 0654
 <3odays 4 125% 263%
"""" 31-60days 18 (563%) 18 (563%)
"""" 61-90days 10 (G13%) 12675
lesion side (eft/right) 19 (59.4%)/13 (40.6%) 17 (53.1%)/15 (469%) 0254 0614
 Type of stroke (ischemic/hemorrhagic) 24 (75.0%)/8 (25.0%) - 26 (81.2%)/6 (18.8%) 0336* 0545

Brunnstrom Stage (I1I/1V) 21 (65.6%)/11 (34.4%) 20 (62.5%)/12 (37.5%) 0.068* 0.794

* T; *k Xz.
Table 3. Within-group comparison of efficacy indicators before and after the 4-week intervention (paired-sample t test).

Mean+SD d 95% ClI t P
FMA Before FMA After

Intervention (n=32) 51.88+10.37 62.19+9.58 2.034 1.417, 2.640 11.506 <0.001

Abbreviations: SD, standard deviation; FMA-LE, Fugl-Meyer Assessment lower-extremity scores; FMA-UE, Fugl-Meyer Assessment upper
extremity scores. d = Cohen’s d for the within-group (paired) change from baseline.

L
n4
ol
>
L
-
-
< Control (n=32) 32.66+7.75 3444+7.71 1.768 1.204, 2.321 10.001 <0.001
U
A
L
3
a4
ol
<

Adjusted meanSE Adjusted

Table 4. Between-group comparison of efficacy measures after the 4-week intervention, adjusted for baseline values (ANCOVA,
primary analysis).

Between-group effects

(ANCOVA)
mean difference

Control Intervention 95% Cl

(GEEY)) (CEEY))
FMA 50.607 +0.782 59.737 +0.782 6.911, 11.349 67.701 <0.001 0.526
FMA-UE 34.102+0.410 38.273+0.410 3.011, 5.333 51.632 <0.001 0.458
FMA-LE 16.913 +0.360 20.712 £ 0.360 2.777,4.821 55.225 <0.001 0.475
Barthel Index 54.787 +0.667 62.713 +0.667 6.038,9.813 70.517 <0.001 0.536

Abbreviations: SE, standard error; ANCOVA, analysis of covariance; np? partial eta squared; FMA-LE, Fugl-Meyer Assessment lower-
extremity scores; FMA-UE, Fugl-Meyer Assessment upper extremity scores.
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outcome of daily living function, the adjusted mean Barthel
Index score was 62.71+0.67 for the intervention group and
54.79 +0.67 for the control group (P<0.001, np?=0.536), indi-
cating a large effect size. Similarly, significant between-group
differences favoring the intervention group were observed for
both the FMA-UE and FMA-LE subscores, with large effect sizes
(np?=0.458 and np? = 0.475, respectively; both P<0.001). The
partial eta-squared values indicate large effect sizes.

Discussion

This randomized controlled trial investigated the effects of VR-
based task-oriented training on motor function and daily liv-
ing skills in patients with subacute stroke. The results dem-
onstrated that VR task-oriented training was associated with
significantly greater improvements in motor function and ADL.
Specifically, compared with traditional task-oriented training,
VR training showed more pronounced improvements in upper
and lower limb motor abilities and daily living skills.

We observed that, after the 4-week treatment protocol, chang-
es in FMA scores differed between the 2 groups. Both the in-
tervention group and control group showed improvements in
FMA scores, indicating that VR therapy and traditional task-
oriented training have positive effects on enhancing patients’
limb motor function. Similar effects were reported in previous
studies [39,40]. However, in the present study, the statistical-
ly significant differences in FMA, FMA-UE, and FMA-LE scores
between the 2 groups were consistent with the association
trends reported in multiple meta-analyses [22,35,36,41,42],
which demonstrated that the intervention group had more
pronounced improvements in limb motor function.

The observed improvements were associated with several po-
tential factors. First, the task-oriented training based on VR
enhanced patients’ immersion during training. In the study
protocol, full immersion mode was adopted for upper limb
training, in which patients wore virtual devices to complete
actions like watering plants and lighting candles. For safety
considerations, semi-immersion mode was selected for lower
limb and full-body training. The Kinect motion sensors in the
virtual devices tracked human movements and captured sound
sources through infrared and camera tracking. During train-
ing, patients immersed themselves in computer screen visu-
als to perform actions like traversing forests and playing soc-
cer and tennis, primarily exercising leg strength and balance
skills during posture transitions. VR therapy provides a fea-
sible practical pathway for challenging tasks in clinical treat-
ment. Participation in these tasks can improve joint mobili-
ty in the shoulder, elbow, and wrist, enhance lower limb gait
and overall stability, and increase muscle endurance, improve-
ments that are closely associated with enhancements in upper
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limb, lower limb, and overall motor function [43]. Xu [44] also
observed a similar trend.

Second, VR training provides visual and auditory feedback with
excellent interactivity [45]. Piermaria et al proposed that VR
technology can enhance rehabilitation therapy by creating en-
hanced environments [46]. An enhanced environment refers
to a living space that significantly improves sensory and cog-
nitive stimulation and social interaction capabilities compared
with conventional conditions. This enhanced environment may
be conducive to the development of experiential-dependent
neuroplasticity in patients after stroke. In this VR program,
tasks such as simulated watering and obstacle avoidance re-
quired patients to plan and execute actions in a rich and dy-
namic virtual environment, creating a conducive setting for
learning and brain plasticity. Patients who successfully water
the plants receive visual rewards such as blooming flowers,
along with candles and sound effects for ascending lanterns,
and coins and applause for obstacle avoidance. The real-time
interaction mechanism also effectively motivates patients to
participate in rehabilitation therapy [47].

Third, VR technology supports repetitive and high-intensity
therapeutic exercises. Research by Lee demonstrates that high-
intensity training has been reported to be associated with im-
proved motor muscle contraction and coordination [48], as well
as strengthened neural connections, which might be linked to
cortical neural reorganization in affected limb areas and cor-
related with better motor function [29,40]. During VR training,
the system automatically records exercise data to generate
personalized histories. This enables automated generation of
recommended exercise targets and intensity levels for subse-
quent sessions. Compared with traditional task-oriented train-
ing, VR technology achieves smarter and more precise selec-
tion of repetitive and high-intensity exercises. By leveraging
2 key elements—enhanced environmental reinforcement and
novel complexity—VR creates more immersive learning expe-
riences [30]. This study set the therapeutic dose of VR train-
ing based on the compliance and tolerance of rehabilitation
treatment in hospitalized patients in China, referring to the
research by He et al [12]. Narrative interviews indirectly con-
firmed that patients accepted VR training 5 times a week, each
session lasting 30 minutes, in terms of training acceptance,
duration, and economic costs.

Fourth, the VR training program incorporates game elements,
which enhances patient adherence to exercise regimens more
effectively than traditional methods [49]. Moreover, the VR
games feature tiered difficulty levels to accommodate diverse
patient needs. For instance, during upper limb training, patients
can choose to water distant or nearby flower targets based
on their affected limb strength, while lower limb training in-
volves avoiding obstacles according to their limb strength. This
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tailored challenge intensity helps prevent treatment boredom
or frustration. Previous research confirms that improved focus
and treatment adherence in rehabilitation training are closely
linked to better recovery outcomes [49-51].

Two studies investigated the effectiveness of VR training in
improving ADL for patients after stroke [12,21]. Previous re-
search utilizing randomized controlled trials has demonstrated
that virtual reality interventions can yield significant improve-
ments in Barthel Index scores. In the present study, both the
intervention and control groups exhibited post-treatment in-
creases in Barthel Index scores, suggesting that VR therapy and
conventional task-oriented training are effective in enhancing
ADL. These findings indicate that while both modalities pro-
vide positive functional benefits, the integration of technolo-
gy-driven approaches remains a viable strategy for improving
patient independence. However, the statistically significant dif-
ference in Barthel Index scores between the 2 groups aligns
with previous studies reporting an association between VR
training and ADL improvements, supporting the more nota-
ble ADL gains in the intervention group. These ADL improve-
ments were likely correlated with the observed enhancements
in upper and lower limb motor function, which is consistent
with the findings of multiple meta-analyses [22,35,36,41,42].
Additionally, the study suggests that the effectiveness of ADL
recovery is influenced by the repetition frequency of treat-
ment tasks, training duration, and frequency [47]. VR training
was associated with higher patient motivation and adherence,
and these factors were correlated with better ADL outcomes
in the research group.

While the findings support the effectiveness of VR training, it
should be noted that several large randomized controlled tri-
als (eg, EVREST, VIRTUES, Dixit P [52-54\) have not consistent-
ly demonstrated VR’s significant superiority over conventional
rehabilitation in improving motor and daily living skills. This
discrepancy may stem from multiple factors: inconsistent pa-
tient disease progression and baseline functional impairments,
as well as the use of non-immersive VR systems that limited
training to simple recreational activities or grasping exercises.
These approaches lacked sufficient immersion and disconnect-
ed from real-life experiences, resulting in limited practical val-
ue. In contrast, the VR program in the present study incorpo-
rated real-life scenarios, potentially enhancing proprioceptive
input and neural drive for body-schema updating more effec-
tively than mere entertainment or grasping drills. This charac-
teristic might be associated with more favorable outcomes in
limb movement and ADL performance among patients in the
research group. Despite these encouraging findings, the het-
erogeneity in VR training types, dosing, and integration with
conventional therapies, as well as the diversity in task design,
still requires further exploration.
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Furthermore, this study employed a fully immersive system for
upper limb training. While this system provides immersive ex-
periences and facilitates body schema updating by fully occu-
pying the visual field, it partially isolates patients’ visual feed-
back of their actual limbs, potentially causing dizziness. For
lower limb and full-body training, we utilized a semi-immer-
sive system that allowed patients to simultaneously view both
the virtual environment and their partial body. This requires
patients to perform additional spatial transitions for uncou-
pled eye-hand movements, which enhances the integration
and input of visual and proprioceptive information—particu-
larly crucial for limb-positioning tasks such as hitting a ball or
avoiding obstacles. The semi-immersive system reduces dizzi-
ness susceptibility and demonstrates better tolerance, making
it more suitable for patients with subacute stroke.

The XY-Kinapsys VR system used in this study demonstrated
its effectiveness; however, no prior studies have used this sys-
tem for stroke rehabilitation, distinguishing our results from
those of the existing literature. Meta-analyses indicate signif-
icant variability among VR interventions: fully immersive sys-
tems excel in gross motor recovery, while non-immersive sys-
tems enhance fine motor dexterity [36]. Our semi-immersive
approach appears to have improved both aspects, yet the
uniqueness of our protocol limits direct comparisons with oth-
er systems. This heterogeneity suggests a need for standard-
ized VR protocols in the future to ensure reproducibility and
scalability in clinical applications—a gap that subsequent re-
search must address.

One of the most striking findings was the large effect sizes
observed (np? > 0.50 for primary outcomes), which are notably
larger than those reported in landmark multicenter random-
ized clinical trials such as EVREST [52] and VIRTUES [53]. While
these effect sizes suggest a strong intervention signal, they
warrant cautious interpretation. The subacute phase (mean, 52-
58 days after stroke), a period of rapid spontaneous recovery,
likely amplified within-group gains in both groups. Additionally,
the exploratory single-center design and small sample may
inflate effect estimates. The discrepancy with previous trials
may partly stem from our use of immersive and semi-immer-
sive VR with real-world task-oriented scenarios (eg, watering
plants, kicking a soccer ball), which could provide richer feed-
back and engagement than non-immersive, recreation-based
systems. Intervention timing may also be more optimal for
capturing VR-induced plasticity. While promising, these find-
ings should be regarded as hypothesis-generating, requiring
confirmation in larger multicenter pragmatic trials, in which
effect sizes typically attenuate.

The control group also demonstrated substantial functional
gains, with a within-group Cohen’s d of 2.043 for total FMA.
This large effect underscores the effectiveness of the standard,
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intensive inpatient rehabilitation program and highlights the
significant potential for recovery during the subacute phase.
It is crucial to interpret the VR group’s additional benefits in
this context of a robust standard of care. The large within-
group improvements in the control group are likely attribut-
able to the natural recovery processes inherent in the sub-
acute phase and the comprehensive nature of the standard
inpatient rehabilitation, rather than the conventional task-ori-
ented training alone.

The 100% adherence and zero dropout rate confirm the inter-
vention’s acceptability and tolerability, which were largely at-
tributable to the supervised inpatient setting with scheduled
sessions and continuous monitoring, which limits generaliz-
ability to outpatient or home-based settings. Similarly, the ab-
sence of dizziness or nausea with fully immersive upper-limb
training may reflect the short daily duration (30 minutes) and
strict patient selection, rather than implying no risk in wider
clinical application.

The promising results of this study have several implications
for clinical applicability. The use of a commercial, off-the-shelf
VR system like XY-Kinapsys, which can be integrated into ex-
isting clinical workflows, suggests that scaling up such an in-
tervention is feasible. While the initial equipment cost repre-
sents a barrier, the potential for improved efficiency in therapy
delivery and enhanced patient engagement may offset these
costs. Moreover, the standardized nature of the VR tasks re-
duces variability in treatment delivery across different thera-
pists, potentially improving consistency of care. Future cost-
effectiveness analyses are needed to determine the economic
viability of implementing VR-based task-oriented training as a
standard adjunct in stroke rehabilitation units.

This study has several limitations that may affect the gen-
eralizability (external validity) of its findings. First, this was
a single-center exploratory study with a limited sample size,
and the results may not be replicable in different healthcare
systems with varying rehabilitation protocols and resources.
Second, the strict inclusion criteria (eg, first-ever stroke, sub-
acute phase, Brunnstrom stage > 3, MMSE >21, and intact vi-
sual acuity) led to the selection of a relatively high-functioning,
highly motivated subset of patients. The findings may there-
fore not generalize to the broader stroke population, includ-
ing those with severe cognitive impairment, aphasia, neglect,
recurrent strokes, or significant comorbidities. Third, the con-
trolled inpatient setting with 100% adherence and no drop-
outs differs markedly from real-world outpatient or community
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settings where therapy adherence and follow-up are often ma-
jor challenges. Consequently, the promising effect sizes ob-
served in this controlled environment are likely to decrease
when the intervention is implemented in routine clinical prac-
tice. Future research should prioritize pragmatic, multi-center
trials with more inclusive criteria to better establish the real-
world effectiveness of this VR-based approach.

Nevertheless, the observed associations between VR train-
ing and favorable functional outcomes align with broader ev-
idence [35,36], reinforcing the need for larger-scale random-
ized controlled trials to verify potential causal relationships.
These positive outcomes also suggest that VR could serve as a
complementary strategy in standard stroke rehabilitation pro-
grams, given its potential to engage patients and its associa-
tion with recovery processes that may involve neuroplasticity.

Conclusions

In conclusion, the results of this study suggest that VR-based
task training can enhance motor function and ADL performance
in patients with stroke. These findings build on the established
effectiveness of VR in neurological rehabilitation, supporting its
broader integration into clinical practice. However, to strength-
en these preliminary results and address identified limitations,
future research should involve the design and implementation
of multicenter randomized controlled trials.
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