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Abstract

Stroke rehabilitation has traditionally relied on physical and occupational therapies to improve
motor and cognitive functions. Recently, immersive technologies, including Virtual Reality (VR),
Augmented Reality (AR), and Mixed Reality (MR), have emerged as innovative tools for enhancing
recovery. These technologies offer engaging, tailored rehabilitation experiences, potentially improving
stroke outcomes. This scoping review synthesizes recent studies on immersive technologies in stroke
rehabilitation, focusing on clinical trials, pilot studies, and systematic reviews published in the past
decade. Findings indicate that VR, AR, and MR interventions show promise in improving motor
function, gait rehabilitation, and cognitive recovery. VR-based interventions, including treadmill
training and mirror therapy, have demonstrated benefits such as increased walking speed and enhanced
upper limb motor function. However, challenges remain, including participant selection bias, small
sample sizes, and a lack of long-term follow-up. Additionally, issues such as physical discomfort, safety
concerns, and the need for personalized therapy were noted. The diversity of stroke severity and patient
heterogeneity further complicate generalizability. Immersive technologies hold significant potential in
stroke rehabilitation by providing engaging and effective therapies. However, challenges such as safety,
accessibility, and scalability must be addressed. Future research should focus on larger, multicenter
trials with diverse patient populations, long-term follow-ups, and integrating advanced technologies
like AI and motion tracking to optimize immersive interventions for stroke recovery.
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Introduction

Stroke, as defined by the World Health
Organization (WHO), is the sudden onset of
neurological dysfunction lasting more than 24
hours or leading to death, resulting from a
vascular cause [1]. It remains a leading cause of
long-term disability worldwide, with a complex
interplay of modifiable and non-modifiable risk
factors such as hypertension, diabetes,
hyperlipidemia, atrial fibrillation, smoking,
physical inactivity, and alcohol consumption
contributing to its onset [2, 3]. Beyond the
immediate medical emergency, stroke often
results in profound physical, cognitive, and

emotional impairments, severely diminishing
quality of life for survivors and imposing a
considerable burden on caregivers and
healthcare systems alike [4, 5]. Optimal stroke
management  extends  beyond acute
interventions, requiring a comprehensive and
sustained rehabilitation approach.
Multidisciplinary rehabilitation, initiated early
in the recovery process, has been associated
with better functional outcomes, largely due to
the brain’s capacity for neuroplasticity—the
ability to reorganize neural pathways in
response to injury [6, 9, 10]. Personalized
rehabilitation plans tailored to the individual’s
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functional needs and recovery trajectory are
critical for maximizing therapeutic benefits and
enhancing  long-term  outcomes  [11].
Traditional rehabilitation modalities—
including physical, occupational, and speech
therapies—have long served as the cornerstone
of stroke recovery [12]. However, these
interventions are often intensive, costly, and
confined to clinical settings, which may limit
access and reduce patient adherence over time
[13]. Moreover, the repetitive nature of these
therapies can lead to decreased engagement and
motivation among patients, while also placing
significant demands on  rehabilitation
professionals [14]. Although services are
commonly delivered through interdisciplinary
teams across inpatient, outpatient, and home-
based settings [15, 16], they are frequently
constrained by fixed schedules or predefined
treatment durations that may not align with the
individual pace of recovery [17]. These
limitations underscore the pressing need for
more adaptable, accessible, and patient-
centered rehabilitation solutions. Emerging
immersive technologies—including  virtual
reality (VR), augmented reality (AR), and
mixed reality (MR)—offer promising avenues
to address these challenges [19]. Immersive
virtual reality (IVR), typically experienced
through head-mounted displays (HMDs),
creates engaging 3D environments that
simulate real-world tasks, enabling patients to
perform therapeutic activities in a controlled,
interactive setting. These platforms also
generate performance data, which can be used
to tailor interventions and track progress [20].
The growing availability of commercial VR
systems and supportive evidence from clinical
trials further reinforces the viability of IVR in
rehabilitation contexts [21]. Augmented reality
(AR), by superimposing digital information
onto the physical environment, facilitates real-
time feedback and enhances motor learning,
offering patients a more engaging and
responsive therapeutic experience [22, 23]. Its
ability to integrate seamlessly into physical

spaces fosters a sense of embodiment and
creates adaptable scenarios that reflect
individual needs and capabilities [24, 25].
Mixed reality (MR), which blends the
immersive qualities of VR with the contextual
awareness of AR, enables complex interactions
between virtual and real-world elements. This
hybrid approach has shown particular promise
in supporting motor skill acquisition, functional
task training, and increased motivation [26, 27].
Recent advances in digital technologies and
medical devices are revolutionizing stroke
rehabilitation by empowering patients to take
an active role in their recovery journey. These
innovations are increasingly being tested in
clinical settings, demonstrating potential to
enhance functional outcomes and support
sustained engagement. This scoping review
aims to explore the role of immersive
technologies in stroke rehabilitation. It
critically examines current applications of VR,
AR, and MR, identifies existing limitations, and
discusses emerging directions for research and
clinical practice. By evaluating the potential of
these technologies to complement or transform
traditional rehabilitation strategies, this review
seeks to contribute to a more responsive and
individualized approach to stroke recovery.

Methodology

The objective of this paper is to present a
comprehensive analysis of the effectiveness of
immersive technologies in stroke rehabilitation,
while also highlighting their limitations (Table
1). A systematic search strategy was employed
to identify relevant literature published in
scholarly databases and peer-reviewed journals.
Boolean operators were used to filter the search,
incorporating keywords related to immersive
virtual reality, augmented reality, mixed reality,
stroke rehabilitation, and their respective
synonyms. Key databases, including PubMed,
Embase, Scopus, and Google Scholar, were
thoroughly explored to retrieve pertinent
studies (Figure 1) [28].



Studies were selected for inclusion based on
the following criteria:

1. They investigated the use of immersive
virtual reality, augmented reality, or mixed
reality interventions in stroke
rehabilitation.

2. Participants were adult stroke survivors
aged 18 years and above.

3. Publications were written in English.

4. Studies assessed outcomes associated with
motor and cognitive recovery following
stroke.

5. The research design comprised clinical
trials or randomized controlled trials
(RCTs).

6. Only studies published within the last five
years (from November 2023) were
considered to ensure the inclusion of the
most current evidence.

Studies that did not meet these criteria or
were duplicate entries were excluded. A
rigorous quality assessment was conducted on
the shortlisted articles. Two independent
reviewers evaluated each study, considering
potential sources of bias, methodological
robustness, and relevance to the research
question. Articles that did not meet the
predefined quality standards were excluded
from the review. Following the quality
assessment, data extraction commenced.
Relevant data were systematically gathered
from the selected studies by two independent
reviewers. Any discrepancies arising during
this process were resolved through discussion
and consensus. Extracted data included sample
characteristics, details of the intervention,
outcome measures, as well as findings related
to the effectiveness and limitations of the
interventions in stroke rehabilitation.

In recent years, immersive technology-based
therapies have emerged as promising tools in
stroke rehabilitation, offering innovative ways
to engage patients in interactive and enjoyable
recovery activities. A growing body of research
has investigated the efficacy and challenges of
these interventions in enhancing motor and

cognitive recovery among stroke survivors
(Table 2).

Current Evidence on the Effectiveness of
Immersive  Technology in  Stroke
Rehabilitation

Immersive Virtual Reality in Stroke
Rehabilitation

Immersive virtual reality (VR) is gaining
momentum as an innovative tool in stroke
rehabilitation, largely due to its ability to
engage patients, enhance motivation, and
deliver personalized, interactive therapeutic
experiences. By simulating customizable
environments, immersive VR  supports
neuroplasticity and aligns with rehabilitation
goals across motor and cognitive domains.
Clinical applications of immersive VR have
yielded encouraging results. For instance,
rhythm-based games such as Beat Saber have
been effectively employed to motivate patients
with chronic stroke, promoting both physical
activity and psychological engagement through
a state of "flow" [29]. Similarly, immersive VR-
based treadmill training has shown promise in
improving gait speed, demonstrating high
usability and minimal adverse effects [30].
However, the use of head-mounted displays
(HMDs) presents challenges such as user
discomfort and visual occlusion, which may
affect both safety and user experience [30].
Additional studies involving individuals with
stroke and multiple sclerosis have found VR
treadmill training to increase therapeutic
engagement and walking speed. Nevertheless,
short session durations, small sample sizes, and
limited assessments of overground walking
constrain the generalizability of these findings
[31]. Patients with sensory impairments may
also experience difficulty due to the high
reliance on visual and proprioceptive input
within immersive VR environments. In upper
limb rehabilitation, platforms such as MNVR-
Rehab—qgrounded in mirror neuron theory—
have demonstrated the potential to enhance
motor recovery through repetitive, goal-



oriented activities in patients recovering from
subacute stroke [32]. These approaches activate
neuroplastic mechanisms and offer early
indications of efficacy. On a biological level,
immersive VR has been associated with
beneficial shifts in molecular biomarkers,
including increased levels of brain-derived
neurotrophic factor (BDNF) and reductions in
oxidative stress markers such as HO-1 and 8-
OHdG, suggesting a neurophysiological basis
for recovery [33]. The cognitive benefits of
immersive VR are also becoming more evident.
In patients with acute post-stroke cognitive
deficits, VR-based interventions have improved
engagement and participation in therapy [34].
Although most studies report improvements in
hand strength, dexterity, and coordination,
translating  into  increased  functional
independence [35, 36], many are limited by
small sample sizes and a lack of long-term
outcome data. Moreover, few studies have
incorporated  objective attention metrics,
compared different types of VR (e.g., 360-
degree video versus computer-generated
environments), or evaluated corresponding
brain activation during therapy sessions [37].
Overall, immersive VR holds substantial
promise in advancing stroke rehabilitation
through adaptive, engaging, and patient-
centered interventions. Nonetheless, addressing
existing methodological limitations and
evaluating long-term outcomes will be critical
to validating its clinical effectiveness and
scalability.

Immersive Augmented Reality in Stroke
Rehabilitation

Immersive augmented reality (AR) is also
emerging as a valuable adjunct in stroke
rehabilitation, offering the potential to enhance
therapeutic outcomes while easing therapist
workload. A feasibility study conducted during
the COVID-19 pandemic highlighted AR’s
ability to reduce in-person contact by enabling
therapists to shift from repetitive physical
assistance to more instructional and supervisory

roles [38]. However, the evidence surrounding
the clinical effectiveness of AR, particularly in
patients with subacute and chronic stroke,
remains mixed. For example, a comparative
trial between treadmill-based C-Mill therapy
and overground FALLS training found no
significant differences in primary walking
outcomes, though secondary outcomes—such
as cardiovascular fitness and walking
practice—favored the C-Mill group [39].
Emerging technologies like the RobExReha
platform, which combines robotic-assisted arm
therapy with AR-based gaming, have shown
initial safety and usability in neurologically
impaired patients with intact cognition.
Similarly, devices like the Microsoft HoloLens
have received favorable feedback from patients,
reinforcing the feasibility and acceptability of
AR in rehabilitation contexts [40]. While
immersive AR appears to support patient
engagement and facilitate autonomous training,
evidence regarding its long-term efficacy and
applicability across diverse stroke populations
remains limited. Further research is needed to
fully establish its therapeutic potential and
define best practices for implementation.

Immersive Technology in Stroke
Rehabilitation: Challenges and Future
Directions

Despite the growing enthusiasm for
immersive technologies in neurorehabilitation,
several challenges continue to hinder their
widespread clinical adoption. While increased
motivation and engagement are frequently
reported with VR interventions, selection bias
is common, as participants are often self-
selected and more likely to be technologically
inclined [29]. Furthermore, heterogeneity in
patient cohorts and the frequent exclusion of
individuals with  severe cognitive or
communication impairments limit the external
validity of many findings [36]. Although
improvements in motor outcomes—such as
increased walking speed—are commonly
documented, many interventions rely heavily



on visual input, posing challenges for patients
with somatosensory deficits [32, 39]. Short
intervention durations and a general lack of
long-term follow-up data further constrain
conclusions regarding sustained benefits [39—
41]. Moreover, side effects such as dizziness
and visual fatigue necessitate careful session
structuring and regular breaks to ensure patient
safety [34]. Recent innovations, such as the
VIRTUE platform, offer low-cost, minimally
supervised cognitive rehabilitation solutions,
but challenges related to device compatibility
and scalability—particularly with headsets like
the Oculus Quest 2—remain unresolved [35].
Meanwhile, VR-based mirror therapy systems
like BeSTEP show promise in chronic stroke
populations, and could benefit from additional
features such as EMG integration, eye/head
tracking, and multiple camera angles to
enhance exercise variability and therapeutic
engagement [36]. However, methodological
limitations persist across the literature. These
include a lack of standardized outcome
measures, limited personalization of
interventions, high attrition rates, and
insufficient use of control groups or blinded
assessors. The logistical constraints introduced
by the COVID-19 pandemic have only
exacerbated these issues. To move the field
forward, future studies must explore haptic
feedback systems, advanced hand-tracking
technologies, and secure home-based VR
platforms that safeguard user privacy. Devices
like RobExReha illustrate the potential for
precision-targeted therapy, but also highlight
current  limitations in  accessibility and
adaptability for broader stroke populations [40].
Ultimately, addressing bias introduced by
unblinded assessments and dual-role therapists
requires well-designed, multicenter
randomized controlled trials with larger, more
diverse populations and extended follow-up
periods. Such rigor will be crucial in
establishing  immersive  technologies as
evidence-based standards in stroke
rehabilitation.

Limitations and Recommendations

This  scoping review explored the
effectiveness of immersive technologies in
stroke rehabilitation but is not without its
limitations. One key constraint was the
exclusion of non-English language studies,
which may have led to the omission of valuable
research conducted in other parts of the world.
This introduces a degree of linguistic bias and
may limit the global relevance and
comprehensiveness of  the review’s
conclusions. Another limitation was the
decision to include only studies published
within the past five years. While this approach
ensures that the review reflects recent
advancements, it may have inadvertently
excluded earlier, foundational research that
could provide important historical context and
insights into the trajectory of immersive
technologies in neurorehabilitation. Although
the findings highlight the growing promise of
immersive technologies—such as virtual reality
(VR), augmented reality (AR), and mixed
reality (MR)—in supporting stroke recovery,
several critical research gaps remain. Notably,
there is a clear need for well-designed
comparative studies that assess how these
technologies perform relative to traditional
rehabilitation methods. Such studies are
essential not only for determining clinical
effectiveness but also for evaluating cost-
efficiency and practical feasibility, which are
key considerations for widespread adoption in
routine clinical settings. In addition, the long-
term effects of immersive interventions on
functional recovery and quality of life in stroke
survivors are still underexplored. Longitudinal
research is necessary to understand whether the
benefits of these technologies are sustained
over time and to what extent they contribute to
meaningful, lasting improvements in patient
outcomes. Beyond clinical measures, future
studies should also investigate how immersive
environments affect patient engagement,
motivation, and social interaction—factors



known to play a crucial role in the success of

rehabilitation programs.

Finally, the temporal scope of the current
review may limit its ability to fully capture the
development and refinement of immersive
technologies, particularly MR applications,
over time. Expanding the timeframe and scope
in future work will allow for a more nuanced
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implementation. As the field continues to
evolve, sustained research and innovation will
be vital to realizing the full potential of
immersive technologies and advancing a more
personalized, engaging, and effective model of
stroke rehabilitation.
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Table 1. Methodology

Methodology aspect

Description

Aim

To provide a comprehensive overview of the efficacy of
immersive technology in stroke rehabilitation, focusing on
its limitations.

Search Strategy

Employed a comprehensive search strategy using relevant
terms related to immersive virtual reality, augmented
reality, mixed reality, stroke rehabilitation and synonyms
with Boolean operators.

Databases Searched

articles.

PubMed, Embase, Scopus, Google Scholar, and other
relevant academic databases were searched for eligible




Inclusion Criteria

Studies were considered for inclusion based on the
following criteria:

e They examined stroke rehabilitation using immersive
virtual reality, augmented reality, or mixed reality
interventions.

e The participants were adult stroke survivors aged 18
years or older.

e The studies were published in English.

o They assessed outcomes related to motor and
cognitive recovery in stroke rehabilitation.

e The research design included clinical trials or
randomized controlled trials (RCTs).

e - Only studies published within the past five years
(from November 2023) were included to ensure the
review reflects the latest evidence.

Exclusion Criteria

Duplicate publications or studies that did not fit the
predetermined criteria were not included.

Data Extraction

Information on the research design, sample
characteristics, intervention details, outcome measures,
and key results about stroke rehabilitation outcomes were
extracted by two independent reviewers.

Data Analysis Qualitatively compiled the results of several research,
discovering themes, trends, or patterns pertaining to the
results of stroke rehabilitation.

Conclusion

Despite their promise, the widespread

In conclusion, this review highlights the
transformative  potential of  immersive
technologies—including virtual reality (VR),
augmented reality (AR), and mixed reality
(MR)—in advancing stroke rehabilitation.
These emerging tools offer a dynamic,
interactive platform that can significantly
enhance patient engagement by simulating
task-specific  activities and fostering a
heightened sense of presence. Such features
may help counteract the apathy and
disengagement often observed in conventional
rehabilitation, ultimately promoting greater
motivation and participation among stroke
Survivors.

adoption of immersive technologies in clinical
settings is not without challenges. Issues such
as cost, accessibility, patient variability, data
privacy, and the need for training among both
patients and healthcare professionals must be
carefully navigated. However, the findings of
this review underscore the importance of a
patient-centred approach, informed
implementation  strategies, and  strong
interdisciplinary collaboration. With thoughtful
integration, immersive technologies have the
potential to not only complement traditional
rehabilitation methods but also to reshape the
future of stroke recovery by enhancing
outcomes and enriching the rehabilitation
experience.



Table 2. Study Characteristics

Title and author of the Immersive | Participants | Rehabilitation’s | Intervention Primary outcome measures Conclusion Limitations
study technology goal
Virtual reality gaming in VR N=7 Enhance motor The commercially Fugl-Meyer Assessment of Upper Participants with The sample included
rehabilitation after stroke - function available HTC Vive Extremity chronic stroke found participants of different
user experiences and head-mounted VR VR gaming to be genders, ages, and
perceptions Gustavsson, M system was used, engaging and cultural backgrounds but
etal., 2022 featuring five different motivating, reportinga | excluded individuals with
games: NVIDIA VR positive experience severe cognitive or
Funhouse, The Lab, and improvements in communication
Beat Saber, Climbey, their daily activities. impairments.
and Pierhead Arcade.
Immersive virtual reality VR N=4 Enhance motor Treadmill training Walking speed and heart rate Increased walking Overground walking, was
during gait rehabilitation function without VR, while the speed demonstrated in | not assessed
increases walking speed second included two gait rehabilitation. o
Within the study where
and motivation: a usabili VR-based treadmill
vy they pooled findings from
evaluation with healthy conditions in pseudo-
a heterogeneous and
participants and patients randomized order, .
small group of patients
with multiple sclerosis and each lasting about 7.5 ]
with stroke.
stroke Winter C et al., minutes.
2021
Immersive virtual reality- VR N=40 Enhance motor The imVR group Fugl-Meyer assessment (FMA-UE) The imVR improves No blinding of subjects.

based rehabilitation for
subacute stroke: a
randomized controlled trial

Huang, Q et al., 2024

function

activities: cooking in a
virtual kitchen,
popping balloons,
punching dolls,
shooting basketballs,

collecting eggs, and

tidying a virtual office.

and the Barthel Index (BI)

the recovery of UE

functional capabilities.

Not explored the
mechanism for those

significant brain regions.




A novel fully immersive VR N=28 Enhance motor VR rehabilitation tasks | Fugl-Meyer Upper Extremity (FM- The MNVR-Rehab The number of
virtual reality environment function of reaching, grasping, UE) and Barthel Index (Bl) improves the recovery | participants is relatively
for upper extremity and releasing-colored of UE functional small.
rehabilitation in patients balls, tailored to each capabilities of -
No follow-up evaluations
with stroke Mekbib DB et patient's abilities. After subacute stroke
al., 2021 each session, the patients with The control group
therapist adjusted task moderate-to-severe UE included were also the
. L same stroke patients,
complexity based on impairments.
the patient’s although untreated using
performance. MNVR therapy.
Effects of virtual reality- VR N=30 Enhance motor HTC VIVE Fugl-Meyer Assessment for upper The application of A similar difference in
based motor control function commercial VR extremity (FMA-UE) and active immersive VR-based serum biomarker level in
training on inflammation, headset, which range of motion (AROM) training improves healthy adults remains to
oxidative stress, includes an HMD, two upper extremity motor | be examined.
neuroplasticity and upper controllers, and two erformance .
P vy PP P Less sample size
limb motor function in infrared emitters.
. . . Not identified the
patients with chronic
) biomarker sensitive to
stroke: a randomized
. VRT at the chronic stage,
controlled trial Huang, C.
at regular intervals across
Y etal., 2022
a longer period.
Immersive Virtual Reality VR N=40 Enhance The Unity 3D game Montreal Cognitive Assessment It helps those with The sample size is
for the Cognitive cognitive development platform (MoCA) test and the Cognitive severe cognitive relatively small.
Rehabilitation of Stroke function in combination with Assessment of Minnesota (CAM) impairment and reduce

Survivors Chatterjee K et

al., 2022

the Virtual Reality
Toolkit (VRTK) has
been used to develop
VIRTUE

the duration of hospital

stay.

The final assessment at

three months is lag.




Feasibility and VR 11 Enhance Leap Motion hand The Fugl-Meyer Assessment-Upper It enhanced motor Limited sample size and
psychophysical effects of cognitive tracking camera. Extremity subset (FMA-UE), recovery and psycho- number of interventions.
immersive virtual reality- function Mitigating these by Modified Rankin Scale (MRS) physical effects such
based mirror therapy using black infrared as
Heinrich C et al., 2022 absorbent cloth on the tingling/paraesthesia
table and by limiting during the
hand exercises to basic interventions in stroke
movements.
Effectiveness of VR 52 Enhance motor VR Based Game Fugl-Meyer Assessment’s- Upper It showed increased Some additional clinical
Immersive Virtual Reality- function Intervention Plus Extremity (FMA-UE), Action dexterity, improved outcome measures may
Based Hand Rehabilitation Conventional Physical | Research Arm Test (ARAT), Box range of motion, hand require to be considered
Games for Improving Therapy, and Block Test (BBT), Modified strength, and griping. for further assessment of
Hand Motor Functions in (VRGI+CPT)) The Barthel Index (MBI) and Stroke- Also improves the VR-based hand games.
Subacute Stroke Patients patient played each Specific Quality of Life (SSQOL) patient’s ability to
F. Amin et al., 2024 game level twice in synchronize their hand
easy and difficulty motions with visual
levels. stimuli, cognitive
engagement within
visual training aspects
was incorporated into
the games.
Effect of Leap Motion- VR 65 Enhance motor The VR device Fugl-Meyer Upper Extremity Immersive VR High dropout rates

based 3D Immersive
Virtual Reality Usage on
Upper Extremity Function
in Ischemic Stroke Patients
Ogiin, M. N et al., 2021

function

featuring four games: a
cube handling game
for grip using Leap
Motion; a tree
decorating game for
complex hand

motions; a kitchen

(FMUE) assessment. The Action
Research Arm Test (ARAT),
Functional Independence Measure
(FIM), Performance Assessment of
Self-Care Skills—instrumental
activities of daily living (PASS-
IADL), and Performance

applications in
rehabilitation has a
positive impact on
upper extremity
function and daily life
activities for stroke

patients.

Single-center design.




game for forearm
movements; and a

drumming game for

Assessment of Self-Care Skills—
basic activities of daily living

(PASS-BADL)

upper extremity
movements.
The effect of balance VR N=44 Enhance motor FIVR training utilized | Timed up-and-go test, Berg balance Participants showed Not suitable and difficult
training using touch function the Oculus Quest 2, a scale, Gait velocity (km/h), Step improvement in for the patient to follow.
controller-based fully head-mounted display length (cm), Stride length (cm), balance by performing ] ]
All interventions were
immersive virtual reality (HMD), with Single support time (sec) goal-directed upper
performed on a flat
devices on balance and commercially extremity movements -
surface to mitigate the
walking ability in patients available sports games while standing, . . .
risk of falling during the
with stroke: A pilot RCT on the device. inducing postural sway | . .
intervention period.
Kwak HD et al., 2024 and anticipatory
postural adjustments.
360° immersive virtual VR N=45 Enhance motor The recorded videos Fugl-Meyer Assessment for upper The 360MT seems to Follow-up assessments

reality-based mirror
therapy for upper
extremity function and
satisfaction among stroke
patients: a randomized
controlled trial Jo, S et al.,

2024

function

were edited using
Final Cut Pro (Apple,
USA), where they
were mirrored and
adjusted for distance
(X-axis -10° and Y-
axis +10°), then
displayed through a
Pico G2 VR 4K head-
mounted display (Pico,

China).

extremity (FMA-UE)

be a more beneficial
choice than TMT for
upper extremity
rehabilitation in stroke
patients. This
innovative approach
provides an immersive
and engaging therapy
experience, potentially
enhancing patient

outcomes.

and comparisons between
360MT and VRMT using
computer-generated
graphics were not

conducted.

The duration of patients'
concentration during the
interventions was not

measured.




Performing a shortened VR N=30 Enhance motor The immersive VR Fugl-Meyer Assessment for upper ARAT-VRis a The test was designed
version of the Action function adaptation of the extremity (FMA-UE) reliable, valid, and using hand-tracking
Research Arm Test in Action Research Arm user-friendly tool for technology, which did not
immersive virtual reality to Test (ARAT-VR) assessing upper limb allow for the provision of
assess post-stroke upper includes 19 tasks activity in individuals tactile feedback.
limb activity Burton Q et categorized into four with stroke, offering
al., 2022 subtests: grasp, grip, the potential to
pinch, and gross enhance assessment
movement. frequency, enable
remote evaluations,
and support
neurorehabilitation.
Augmented reality for AR N=129 Enhance motor The AR uses a Fugl-Meyer Assessment with Upper The AR system Requirement of training
stroke rehabilitation during function Microsoft Kinect V2 Extremity and Lower Extremity automates monotonous | using specific equipment.
COVID-19 Yang, Z Q et camera to track patient | (FMA-UE and FMA-LE), Berg practice tasks,
al., 2022 movements, a Balance Scale (BBS), Functional allowing participants
TV/monitor for Ambulation Category (FAC). to practice
instructions and real- independently, freeing
time feedback, and AR trainers to focus on
software enhanced teaching
with Al for training.
Walking-adaptability AR N=40 Enhance motor Treadmill-based C- 10MWT C-Mill therapy No control group

therapy after stroke: results
of a randomized controlled
trial Timmermans, C et al.,

2023

function

Mill therapy (CT) and
overground FALLS
program (FP)

improves the amount
of walking practice an
important ingredient of
effective interventions
of walking speed and
walking adaptability

after stroke.

Assessors, neither
physical therapists nor
participants were blind to

group allocation

Only one center study




Robotic arm training in
neurorehabilitation
enhanced by augmented
reality — a usability and
feasibility study de Crignis
AC etal., 2023

Enhance motor
and cognitive

function

RobExReha, LBR iiwa
robotic arm (KUKA
AG, DE) further
interfaced with a
custom-made Unity
application (Unity
Technologies, US) for
the HoloLens

(Microsoft Inc., US)

Quebec User Evaluation of
Satisfaction with assistive
technology [QUEST], workload Raw
Task Load Index [RTLX] and a
questionnaire for rating visual

perception of the gaming scenario

Robotic arm training
improves upper
extremity from
neurological causes
and good cognitive
function. Notably, the
good acceptance and
perception of the game
using the HoloLens is

promising.

The Reference Group,
contrarily, additionally
included patients with

left-sided impairments.

Study does not reflect the
wide variation of
neurological patients
potentially training with

robotic devices.

Not blinded the patients,
therapists and assessors
were aware of which
system they were

evaluating.
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