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ABSTRACT
Background:  Stroke rehabilitation presents a complex challenge, necessitating innovative 
approaches to optimise functional recovery. Virtual Reality-Based Rehabilitation (VRBR) has 
emerged as a promising intervention that capitalises on immersive technology to engage stroke 
survivors in their recovery journey. This review aims to examine the efficacy of VRBR in stroke 
rehabilitation, focusing on its advantages and challenges.
Methods:  A comprehensive search of relevant literature was conducted to gather evidence on 
the efficacy of VRBR in stroke survivors. Studies that investigated the impact of VRBR on patient 
engagement, functional recovery, and overall rehabilitation outcomes were included. The review 
also assessed the ability of VRBR to simulate real-life scenarios and facilitate essential daily 
activities for stroke survivors.
Results:  The review highlights that VRBR offers a unique immersive experience that enhances 
patient engagement and motivation during rehabilitation. The immersive nature of VRBR fosters 
a sense of presence, which can positively impact treatment adherence and outcomes. Moreover, 
VRBR’s capacity to replicate real-world scenarios provides stroke survivors with opportunities to 
practice vital daily activities, promoting functional independence. In contrast, conventional 
rehabilitation methods lack the same level of engagement and real-world simulation.
Conclusion:  VRBR holds promise as an efficacious intervention in stroke rehabilitation. Its 
immersive nature enhances patient engagement and motivation, potentially leading to better 
treatment adherence and outcomes. The ability of VRBR to simulate real-life scenarios offers a 
unique platform. However, challenges such as cost, equipment, patient suitability, data privacy, 
and acceptance must be addressed for successful integration into stroke rehabilitation practice.

Introduction

Stroke is a major global health concern, the second 
leading cause of death and the third most common 
cause of disability [1]. The World Health Organization 
defines stroke as a sudden focal or global disturbance 
of cerebral function, lasting over 24 h or leading to 
death, with no apparent cause other than vascular ori-
gin [2]. However, a new definition proposed by the 
American Stroke Association incorporates clinical and 
tissue criteria, broadening the scope of the stroke to 
include objective evidence of permanent brain, spinal 
cord, or retinal cell death with a vascular aetiology, 
with or without clinical symptoms [3].

Ischemic stroke, caused by the interrupted blood 
supply to the brain, and hemorrhagic stroke, resulting 
from blood vessel rupture, are the two major types of 
strokes [4]. Several risk factors contribute to stroke, 
including modifiable factors such as hypertension, dia-
betes mellitus, high blood cholesterol, cardiovascular 
diseases, sedentary lifestyle, atrial fibrillation, smoking, 
and alcohol consumption, as well as nonmodifiable 
factors like age and gender [5–7]. INTERSTROKE’s study 
identified ten major stroke risk factors responsible for 
90% of all strokes [8]. Stroke management necessitates 
a multidisciplinary approach beyond hospital admis-
sion [9,10]. Proper blood pressure management is 
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crucial for stroke prevention and acute treatment [11]. 
Functional recovery in stroke survivors can occur 
through the resolution of impairments (reacquisition 
of premorbid movement patterns) and compensation 
(using alternative movements or effectors to achieve 
the same goal) [12].

Motor dysfunction is a common and severe compli-
cation of stroke, significantly impacting the quality of 
life for patients [13]. Upper limb motor function, par-
ticularly hand motor function, is challenging to predict 
in stroke survivors [14,15]. While the proportional 
recovery rule suggests that patients will regain approx-
imately 70% of lost function, predicting outcomes for 
the most severe cases remains challenging [16]. 
Motor-control regions in stroke patients show greater 
activation in the unaffected hemisphere and midline 
surface than healthy controls during simple motor 
tasks [17]. This decline in motor control results in an 
impaired ability to produce precise and steady motor 
output with the affected limb [18].

Stroke rehabilitation is a complex and evolving pro-
cess that addresses the multifaceted impairments 
resulting from stroke, spanning the physical and cog-
nitive domains [19]. Besides physical and cognitive 
domains, the psychological domain is also essential to 
stroke rehabilitation [19]. Early initiation of rehabilita-
tion has been associated with significant benefits, facil-
itating functional recovery and improving long-term 
outcomes for stroke survivors [20]. However, the brain’s 
remarkable ability to reorganise and adapt, known as 
neuroplasticity, also plays a pivotal role in driving 
recovery by establishing new neural connections and 
pathways [21]. Despite significant advancements in 
stroke rehabilitation, there is still a need for a deeper 
understanding of stroke recovery mechanisms, particu-
larly in the context of upper limb motor function [22]. 
Identifying effective rehabilitation strategies tailored to 
individual patient needs is crucial in enhancing func-
tional recovery and improving stroke survivors’ overall 
quality of life. Future research in this area will contrib-
ute to optimising stroke rehabilitation protocols and 
improving patient outcomes [22].

Conventional rehabilitation techniques have effec-
tively improved upper limb function in stroke survivors 
[23]. However, these methods are resource-intensive 
and costly, often requiring access to specialised facili-
ties that may be limited [24]. Moreover, conventional 
upper limb rehabilitation typically demands 2–3 h of 
daily training for over six weeks, leading to monotony 
and draining the confidence and interest of patients 
while also placing significant strain on therapists [25]. 
Physiotherapy, a common approach in stroke rehabili-
tation, is usually provided primarily in the early months 

after a stroke, but its effectiveness and appropriate-
ness during the chronic phase are uncertain [26]. 
Although physiotherapy has shown effectiveness in 
treating motor impairment and enhancing functional 
recovery following stroke, the intensity, frequency, and 
specificity of physiotherapy play pivotal roles in deter-
mining the extent of recovery [23]. Rehabilitation is 
commonly delivered through a team-based approach 
involving various disciplines, such as physical therapy, 
occupational therapy, and speech and language ther-
apy, tailored to address the specific nature and sever-
ity of the deficits [27]. The rehabilitation setting can 
vary, including home-based outpatient therapy, home 
health therapy, inpatient rehabilitation facilities, or 
skilled nursing facilities [28]. Despite the benefits of 
existing rehabilitation approaches, certain limitations 
hinder the optimal delivery of rehabilitation services to 
stroke survivors [29]. The timing and duration of reha-
bilitation services are often determined by post-stroke 
duration or predetermined maximum utilisation rather 
than based on individual functional needs and recov-
ery, as recommended by current evidence-based stroke 
rehabilitation guidelines [29]. Furthermore, rehabilita-
tion services are commonly discontinued after one 
year post-stroke in many rehabilitation centres, often 
without a proper transfer of care plan. This abrupt dis-
continuation of services may impede the ongoing 
recovery process for stroke survivors [28]. In addition 
to timing and continuity issues, the lack of designated 
stroke rehabilitation wards and a shortage of trained 
rehabilitation professionals pose significant challenges 
in providing optimal rehabilitation services during the 
acute and recovery stages of stroke [25]. These limita-
tions in resources and infrastructure may compromise 
the effectiveness of stroke rehabilitation and hinder 
achieving maximum recovery potential for stroke sur-
vivors [24].

Vvirtual Reality (VR) has become one of the most 
widely utilised advanced neurorehabilitation technolo-
gies for enhancing motor and cognitive abilities in 
stroke patients [30]. VR employs computer-based tech-
nology to create interactive simulations that immerse 
users in multisensory, simulated environments, provid-
ing real-time feedback on their performance [30]. It 
allows stroke patients to engage in activities that 
resemble real-world objects and events, offering a 
unique and immersive rehabilitation experience [31]. 
The potential benefits of VR in neurorehabilitation 
have been recognised, particularly in stroke rehabilita-
tion. VR methods hold promise for accelerating reha-
bilitation and enhancing the motivation of select 
groups of stroke patients [32]. VR technologies initially 
garnered attention by providing engaging and 
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motivating rehabilitation interventions as a potentially 
successful medium for enhancing stroke rehabilitation 
outcomes [33]. By adapting to the user’s responses 
and incorporating feedback, VR facilitates a more 
dynamic and personalised rehabilitation experience 
[34]. However, it is crucial to acknowledge that VR 
applications in stroke rehabilitation are diverse and 
encompass various technologies and interfaces [35]. 
Systematic reviews have included various VR applica-
tions, such as 2D and 3D interactive environments, 
video-capture interfaces, keyboard- or mouse-based 
interactions, and recreational game systems viewed on 
monitors or through head-mounted displays (HMD) 
[36,37]. The diversity in VR environments may lead to 
different functional outcomes due to differences in 
viewing media and the tasks practised [38].

The introduction of VR technology in stroke rehabil-
itation represents a significant advancement, as it 
allows stroke patients to work on self-care skills and 
real-life activities in a setting that may not be feasible 
within a traditional hospital environment [39]. The abil-
ity to simulate real-life activities within VR provides 
stroke survivors with a unique opportunity to engage 
in self-care training that closely resembles day-to-day 
challenges [40]. For VR to be effective in neurorehabil-
itation, the sense of presence and immersion is crucial 
[41]. A sense of presence allows users to feel fully 
engaged in the virtual environment, making transfer-
ring acquired abilities and skills to real-world perfor-
mance more feasible [41]. Ensuring a successful VR 
neurorehabilitation setting involves creating an immer-
sive and engaging experience that promotes active 
participation and supports the transfer of rehabilita-
tion gains to real-life functional tasks [40]. While pre-
liminary research has shown promising results, the 
existing body of literature could be more extensive 
and often needs comprehensive analyses of VRBR’s 
impact on various aspects of stroke recovery [42,43]. 
Moreover, many studies have focused on specific 
patient populations, potentially limiting the generaliz-
ability of their findings to a broader stroke survivor 
population [44,45]. In particular, existing research on 
VRBR has predominantly emphasised its effects on 
motor function improvement, with limited attention 
paid to other critical domains, such as cognitive reha-
bilitation, emotional well-being, and social functioning 
[46,47]. Holistic stroke rehabilitation demands a more 
comprehensive understanding of how VRBR can 
address the diverse needs of stroke survivors and facil-
itate their reintegration into everyday life. Furthermore, 
the adaptability of VRBR in providing goal-oriented 
tasks tailored to individual patient needs is a critical 
aspect that requires further investigation. Understanding 

how VRBR can optimise brain reorganisation and 
enhance neuroplasticity is crucial in designing person-
alised VR interventions that cater to each stroke survi-
vor’s unique challenges and potential. As such, this 
narrative review’s primary objective is to explore the 
efficacy of VRBR in stroke survivors. Through an 
in-depth analysis of the current literature, this review 
aims to investigate the impact of VRBR on various 
dimensions of stroke rehabilitation.

Methodology

The review aims to provide a comprehensive overview 
of the efficacy of VRBR in stroke rehabilitation, focus-
ing on its impact on various dimensions of recovery 
(Table 1). A comprehensive search strategy was 
employed to identify relevant studies published in 
peer-reviewed journals and academic databases. The 
search included terms related to stroke rehabilitation, 
virtual reality, and related synonyms, with Boolean 
operators used to refine the search. Key databases, 
such as PubMed, Embase, Scopus, and Google Scholar, 
were searched for eligible articles (see Figure 1).

Studies were considered for inclusion if they met 
the following criteria:

•	 Focus on stroke rehabilitation using Virtual 
Reality-Based interventions.

•	 Involvement of adult stroke survivors (18 years 
or older) as the study population.

•	 Publication in English.
•	 Inclusion of outcome measures related to stroke 

rehabilitation’s physical, cognitive, emotional, 
communicative, or social aspects.

•	 Clinical trials and randomised controlled trials 
(RCTs).

•	 Not published more than five years from July 
2023 to demonstrate the most recent evidence 
on the subject of review.

Studies will be excluded if they do not meet the 
specified criteria or are duplicate publications. The 
shortlisted articles underwent an extensive quality 
assessment. During this phase, two reviewers evalu-
ated each article, considering its methodological 
rigour, relevance to the research question, and poten-
tial biases. Articles not meeting the predefined quality 
standards were excluded from the review. Once the 
quality assessment was completed, the data extraction 
process was initiated. The two independent reviewers 
systematically collected pertinent data from the 
selected articles. If discrepancies arose during this pro-
cess, the two reviewers engaged in dialogues to 
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resolve any differences in interpretation.Data extraction 
included information on the study design, sample 
characteristics, intervention details, outcome measures, 
and main findings related to stroke rehabilitation out-
comes. The findings from individual studies were sum-
marised qualitatively, and notable trends, themes, or 
patterns were identified.

Theoretical foundations of virtual reality-
based rehabilitation

VRBR draws on motor learning, neuroplasticity, and 
ecological systems theory principles to create a holistic 
and effective approach to stroke rehabilitation 
(Figure 2).

Motor learning

Motor learning theory forms the foundation of VRBR’s 
skill acquisition and refinement approach [48]. Through 
repetitive and task-specific exercises, VRBR enables 
stroke patients to engage in a purposeful practice that 
targets the reacquisition of motor skills [48]. The 
immersive and interactive nature of VR environments 
facilitates the repeated practice of functional 

movements, allowing patients to fine-tune their motor 
skills through feedback and error correction [49]. By 
encouraging active participation in meaningful activi-
ties, VRBR fosters the development of motor skills 
required for daily living tasks, thus improving func-
tional independence and quality of life for stroke sur-
vivors [50].

Neuroplasticity

In stroke survivors, reorganising neural pathways is 
crucial for functional recovery [51]. VRBR capitalises on 
neuroplasticity by creating stimulating and challenging 
virtual environments that activate specific brain regions 
involved in motor planning, execution, and sensory 
feedback [52]. The real-time feedback VRBR provides 
enhances neuroplastic changes by promoting the 
strengthening of existing neural connections and the 
formation of new ones [53]. This process of brain reor-
ganisation supports the restoration of motor function 
in stroke survivors, enabling them to regain lost abili-
ties and adapt to their new functional status [53].

Ecological systems theory

VRBR’s approach aligns with ecological systems theory, 
recognising the interplay between individuals and 
their environments in shaping development and 
behaviour [54]. VRBR achieves this by providing per-
sonalised and contextually relevant rehabilitation expe-
riences [54]. The virtual environments are tailored to 
the individual patient’s needs and goals, allowing 
stroke survivors to engage in activities that mirror 
real-life scenarios [55]. By immersing patients in famil-
iar and meaningful virtual environments, VRBR pro-
motes functional transfer and generalisation of skills to 
everyday tasks [56]. This contextualised approach 
enhances the likelihood of successfully integrating 
rehabilitative gains into the patient’s daily life, promot-
ing greater functional independence and participa-
tion [56].

Integrating motor learning, neuroplasticity, and eco-
logical systems theory within VRBR creates a dynamic, 
patient-centred rehabilitation approach. The repetitive 
and task-specific exercises target motor skill acquisi-
tion and refinement, while immersive and interactive 
virtual environments stimulate the brain’s capacity for 
reorganisation and adaptation [48,51,55]. The contex-
tually relevant and personalised virtual experiences 
promote skills transfer to real-world settings, enabling 
stroke survivors to effectively apply their regained abil-
ities in daily living [57]. Moreover, VRBR’s flexibility 
allows for the design of varied and engaging 

Table 1.  Methodology.
Methodology aspect Description

Aim To provide a comprehensive overview of the 
efficacy of VRBR in stroke rehabilitation, 
focusing on its impact on various dimensions 
of recovery.

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

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

Inclusion criteria 1.	 Focus on stroke rehabilitation using VRBR.
2.	 Involvement of adult stroke survivors (18 

years or older).
3.	 Publication in English.
4.	 Inclusion of outcome measures related to 

stroke rehabilitation’s physical, cognitive, 
emotional, communicative, or social 
aspects.

5.	 Clinical and randomized controlled trials 
(RCTs).

6.	 Only published up to 5 years from July 
2023.

Exclusion Criteria Studies not meeting the specified criteria or 
duplicate publications were excluded.

Data extraction Two independent reviewers conducted data 
extraction, including study design, sample 
characteristics, intervention details, outcome 
measures, and main findings related to stroke 
rehabilitation outcomes.

Data analysis Summarized findings from individual studies 
qualitatively, identifying trends, themes, or 
patterns related to stroke rehabilitation 
outcomes.
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rehabilitation tasks catering to stroke patients’ diverse 
needs and goals [58]. This adaptability ensures that 
therapy remains challenging and motivating, encour-
aging active participation and commitment to rehabil-
itation [58]. Furthermore, VRBR’s ability to track and 
provide immediate feedback on performance enhances 
stroke patients’ sense of agency and control over their 
rehabilitation journey [59]. This real-time feedback fos-
ters a positive learning experience, reinforcing success-
ful movements and guiding patients toward error 
correction, thereby accelerating recovery [60]. By incor-
porating these theoretical principles into the design 
and implementation of VRBR, rehabilitation practi-
tioners can offer stroke survivors an innovative and 
effective approach to recovery [60]. As technology 
evolves, VRBR holds immense promise in transforming 

stroke rehabilitation, unlocking new possibilities for 
functional recovery and improved quality of life for 
stroke survivors.

VRBR has emerged as a powerful tool in stroke 
rehabilitation, offering several features that enhance 
motor learning and neuroplasticity. These elements 
contribute to its effectiveness in facilitating functional 
recovery and improving the overall outcomes for 
stroke survivors. VRBR capitalises on task-specific train-
ing, where stroke patients perform exercises closely 
simulating real-life activities [61]. The virtual environ-
ments are designed to replicate everyday tasks, such 
as reaching for objects, pouring a drink, or dressing, 
within a safe and controlled setting [62]. This approach 
enables stroke survivors to focus on refining specific 
motor skills essential for performing activities of daily 

Figure 1. L iterature search flowchart.
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living independently [63]. By practising functional 
movements in the virtual context, patients can work 
towards regaining lost abilities and improving their 
functional capacity [63].

Repetition is a fundamental principle of motor 
learning, as it facilitates the consolidation of motor 
skills and the establishment of new neural pathways 
[64]. VRBR allows stroke patients to engage in 
high-intensity and repetitive practice of targeted 
movements [65]. Virtual environments’ immersive and 
interactive nature encourages patients to perform 
exercises repeatedly, promoting the refinement and 
automatisation of motor skills [66]. As stroke survi-
vors repeat tasks in the virtual setting, their brain 
becomes more adept at forming and strengthening 
neural connections, improving motor control and pre-
cision [67].

One of the key advantages of VRBR is its ability to 
provide real-time and customisable feedback on a 
patient’s performance. As stroke survivors interact with 
virtual environments, the system can offer immediate 
feedback on their movements and actions [68]. 
Depending on the specific VR system, this feedback 
may include visual cues, auditory prompts, or haptic 
responses [68]. Customisable feedback allows thera-
pists to tailor interventions to each patient’s needs, 
providing targeted cues for improvement and error 
correction [69]. By receiving instant feedback, stroke 
survivors can adjust their movements and techniques, 
facilitating motor learning and enhancing the effi-
ciency of the rehabilitation process [69].

RBR can adapt to exercise challenges based on a 
patient’s progress and performance [70]. Therapists 
can adjust the difficulty level of exercises in real time, 
ensuring that the tasks remain challenging yet attain-
able for each individual [70]. By gradually increasing 
the complexity of exercises as patients improve their 
skills, VRBR promotes continual learning and growth 
[70]. The adaptive challenges VRBR provides foster 
neural plasticity, as stroke survivors are encouraged to 
continually push their boundaries, enhancing brain 
reorganisation and motor recovery [71].

Motivation and engagement are crucial in stroke 
rehabilitation, as they significantly influence a patient’s 
adherence to therapy and overall outcomes [32]. VRBR 
introduces several elements that enhance motivation 
and engagement during the rehabilitation process 
[72]. VR environments’ immersive and interactive 
nature offers stroke patients a novel and enjoyable 
experience [73]. Engaging in rehabilitation through VR 
introduces an element of playfulness, making therapy 
sessions more enjoyable and encouraging patients to 
stay committed to their rehabilitation goals [74].

VRBR allows for the customisation of virtual envi-
ronments to suit individual patient preferences and 
goals [75]. Participating in activities that resonate with 
their interests and needs makes stroke survivors more 
likely to feel a sense of ownership and engagement in 
their rehabilitation process [76].

Current evidence on the effectiveness of 
virtual reality-based rehabilitation

Virtual reality (VR) and game-based therapy for 
stroke rehabilitation

In recent years, VR and Game-Based Therapy have gar-
nered attention as promising strategies in stroke reha-
bilitation, offering innovative avenues to engage 
patients in interactive and enjoyable rehabilitation 
activities [74]. A considerable body of research has 
been dedicated to examining the effectiveness of 
these interventions in promoting upper extremity 
recovery among individuals recovering from strokes 
[77] (Table 2).

Choi and Paik’s seminal study conducted in 2018 
delved into the realm of mobile game-based VR upper 
extremity rehabilitation, producing compelling evi-
dence that highlights the intervention’s notable effi-
cacy in fostering substantial upper extremity recovery 
among stroke patients [91]. By strategically leveraging 
the immersive and interactive features intrinsic to VR 
technology, synergistically complemented with engag-
ing game-based elements, this therapeutic approach 

Figure 2.  Theoretical foundations of virtual reality-based reha-
bilitation in stroke.
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Table 2. S tudy characteristics.
Study title and 
authors Study design Participants Intervention Outcome measures Result

Anwar et  al. [78] RCT 68 Post-stroke 
participants

Virtual reality training, 
Conventional physical 
therapy

Berg Balance Scale, Fugl-Meyer 
Assessment-Lower Extremity 
scale

Virtual reality training is more effective 
in restoring balance and lower 
extremity function compared to 
conventional physical therapy

Abd El-Kafy et  al. 
[79]

RCT 40 Individuals with 
chronic stroke

Conventional 
physiotherapy + VR gaming, 
Conventional physiotherapy

Action Research Arm Test (ARAT), 
Wolf Motor Function Test 
(WMFT), Modified Ashworth 
Scale (MAS), Active Range of 
Motion (AROM), Handgrip 
Strength (HGS)

The VR gaming group had better 
improvement in most measured 
variables compared to the control 
group

Rogers et  al. [32] Randomized 
Controlled 
Pilot Study

21 Adults with 
sub-acute stroke

Elements virtual rehabilitation 
combined with 
conventional therapy, 
Conventional therapy

Box and Blocks Test, Montreal 
Cognitive Assessment, CogState 
subtests, Neurobehavioral 
Functioning Inventory

Elements virtual rehabilitation showed 
greater improvements in motor 
function and cognition, with 
maintenance of gains at follow-up

Lee et  al. [80] RCT 36 Community- 
dwelling individuals 
with chronic 
hemiparetic stroke

Non-immersive VR training 
(RAPAEL smart glove) + 
Conventional therapy, 
Recreational 
activity + Conventional 
therapy

Box and Block Test, Wolf Motor 
Function Test (WMFT), 
Jebsen-Taylor Hand Function 
Test, Grip strength

VR group demonstrated significantly 
greater improvements in WMFT 
scores, BBT scores, and grip 
strength compared to the control 
group

Long et  al. [81] RCT 60 Participants with 
first-ever stroke

Virtual training program based 
on RAPAEL smart 
glove + Conventional 
therapy, Conventional 
therapy

Canadian Occupational Performance 
Measure, Stroke Self-Efficacy 
Questionnaire, Modified Barthel 
Index, Fugl-Meyer 
Assessment-Upper Extremity, 
Functional Test for the 
Hemiplegic Upper Extremity

VR group showed significantly higher 
scores in self-efficacy and activities 
of daily living compared to the 
control group

Ögün et  al. [82] RCT 65 Patients with 
ischemic stroke

Immersive VR rehabilitation 
(FES + VR), Cyclic FES

Fugl-Meyer Assessment (FMA), 
Functional Independence 
Measure (FIM), Performance 
Assessment of Self-Care Skills 
(PASS)

VR group showed greater 
improvements in FMA and self-care 
skills compared to the control 
group

Lee et  al. [83] Pilot RCT 48 Patients with 
chronic stroke

VR combined with FES, Cyclic 
FES

Fugl-Meyer Assessment-Upper 
Extremity, Wolf Motor Function 
Test, Box and Block Test, 
Jebsen-Taylor Hand Function 
Test, Stroke Impact Scale

VR group showed greater 
improvements in Fugl-Meyer 
Assessment-distal score and some 
secondary functional outcomes

Errante et  al. [84] RCT 94 Patients with stroke Action observation therapy 
(AO) added to standard 
virtual reality (VR) (AO + VR) 
vs. observation of 
naturalistic scenes (CO) 
followed by VR training 
(CO + VR)

Upper limb function (Improvement 
in patients with stroke)

Not specified in the provided text

Peláez-Vélez et  al. 
[85]

RCT Stroke patients (n = 24) Specific VR-based program 
combined with traditional 
neurological 
physiotherapy-based 
approach

Daniels and Worthingham Scale, 
Modified Ashworth Scale, Motor 
Index, Trunk Control Test, Tinetti 
Balance Scale, Berg Balance 
Scale, Functional Ambulation 
Classification of the Hospital of 
Sagunto

Significant improvements in the 
experimental group with respect to 
the control group on the Motricity 
Index, Trunk Control Test, Tinetti 
Balance Scale, Berg Balance Scale, 
and the Functional Ambulation 
Classification of the Hospital of 
Sagunto. The use of VR in addition 
to traditional physiotherapy was 
found to be a useful strategy in 
the treatment of strokes.

Yang et  al. [86] RCT 129 Chronic stroke 
participants

Augmented Reality 
Rehabilitation System (AR 
Rehab) integrated into 
usual care

Fugl-Meyer Assessment for Upper 
Extremity (FMA-UE), Fugl-Meyer 
Assessment for Lower Extremity 
(FMA-LE), Functional 
Ambulation Category (FAC), 
Berg Balance Scale (BBS), 
Barthel Index (BI), SF-12v2 (PCS 
and MCS)

Significant functional improvement in 
FMA-UE, FMA-LE, SF-12v2 PCS in 
both AR-Centre and AR-Home 
groups. AR-Centre group showed 
improvement in BBS and SF-12v2 
MCS, while AR-Home group 
showed improvement in BI. The 
human-machine integrated mode 
was effective and efficient to 
reduce human rehabilitation 
professionals’ effort and to ease 
manpower scarcity and contact 
rates during pandemics.

Kostenko et  al. 
[87]

RCT 106 Patients with late 
recovery after stroke

Rehabilitation glove (RG) with 
virtual reality (VR) and 
biofeedback (BFB)

Fugl-Meyer scale score (FMA-UE), 
Action Research Arm Test 
(ARAT), Nine Holes Peg Test 
(NHPT), MRCS, MAS, MoCA, 
HADS, MBI, EQ-5D-5L

Improvement in motor function 
observed in the intervention group 
on FMA-UE scale and ARAT. 
Significant decrease in time on 
NHPT. Negative correlation between 
ARAT score and anxiety/depression. 
Significant increase in EQ-5D-5L 
(VAS) in both groups with better 
scores in the intervention group.

(Continued)
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adeptly facilitated patient engagement, catering to 
rehabilitative objectives and recreational enjoyment. 
The intersection of these elements carries significant 
implications, with the potential to enhance patient 
engagement and adherence through integrating 
mobile gaming within the VR framework. The tangible 
success observed in enhancing upper extremity func-
tionality through this modality holds promise for the 
formulation of future stroke rehabilitation protocols, 
judiciously exploiting the manifold advantages afforded 
by VR technology.

Norouzi-Gheidari et  al. explored the feasibility and 
safety of using VRT with an exergame system (Jintronix) 
as an adjunct to traditional therapy [95]. The study 
found that VRT using the Jintronixexergame system is 
feasible and safe. Additionally, the results suggest that 
this combination therapy may benefit upper extremity 
functional recovery. This finding holds promise for 
stroke rehabilitation as it introduces a gamified and 
engaging approach to therapy. Using exergames in 
VRT allows patients to perform exercises in a motivat-
ing and enjoyable virtual environment, potentially 

Study title and 
authors Study design Participants Intervention Outcome measures Result

Akıncı et  al. [88] RCT 60 Stroke survivors Robot-assisted gait training 
with different Lokomat 
augmented performance 
feedback applications

Gait and balance parameters Improvement in walking speed and 
distance in all groups, with the 
Endurance group showing the 
greatest improvement. Balance 
improved significantly in all groups, 
with the Attention and Motivation 
group showing the greatest 
improvement. Different virtual 
reality applications during 
robot-assisted gait training had 
varying effects on balance and 
walking.

Kuo et  al. [89] RCT Stroke patients (n = 37) PABLO virtual reality system 
(VR)

Fugl-Meyer Assessment-Upper 
Extremity subscale, active 
ranges of motion of the 
shoulder and elbow, box and 
block test, hand grip strength, 
Stroke Impact Scale

Virtual reality group exhibited greater 
improvements in hand dexterity, 
shoulder flexion, and elbow 
pronation compared to the 
standard rehabilitation group. 
Participants reported a higher 
degree of enjoyment with the 
virtual reality rehabilitation 
activities.

Huang et  al. [90] RCT 84 Stroke patients Immersive virtual reality (VR) 
training vs. standard 
rehabilitation (COT)

Serum biomarkers (IL-6, ICAM-1, 
HO-1, 8-OHdG, BDNF), 
Fugl-Meyer Assessment for 
Upper Extremity (FMA-UE), 
active ranges of motion of the 
shoulder and elbow, box and 
block test, hand grip strength, 
Stroke Impact Scale

The study showed that interventions 
based on the PABLO virtual reality 
system improved upper extremity 
hand function, shoulder and elbow 
movements, and elicited more 
enjoyment from study participants 
than traditional treatment. 
Significant improvements were 
observed in serum biomarkers, 
FMA-UE, and other clinical 
assessments.

Choi and Paik 
[91]

RCT Patients with stroke Mobile VR upper extremity 
rehabilitation program 
using game applications

Effective promotion of upper 
extremity recovery in patients 
with stroke using mobile 
game-based VR program

Patients completed two weeks of 
treatment without adverse effects 
and were satisfied with the 
program. It can substitute for some 
conventional therapy delivered 
one-on-one.

Kiper et  al., [92] RCT Patients within 1 year 
of stroke onset

Combination of RFVE with CR 
vs. CR alone

Fugl-Meyer upper extremity scale 
(primary), FIM, NIHSS, ESAS, 
Kinematic parameters 
(secondary)

RFVE with CR group had better results 
than the control group for all 
outcome measures regardless of 
stroke etiology.

Gueye et  al., [93] RCT 26 Elderly patients 
within 30 days 
post-stroke

Virtual Reality Therapy (VRT) 
Armeo Spring®

Montreal Cognitive Assessment 
(MoCA), Functional 
Independence Measure (FIM), 
Fugl Mayer Assessment Upper 
Extremity Scale (FMA-UE)

VRT with Armeo Spring® effectively 
improved upper limb function in 
post-stroke rehabilitation, regardless 
of age.

Ikbali Afsar et  al. 
[94]

RCT 42 Subacute stroke 
patients

Microsoft Xbox 360 Kinect 
video game system

Box&Block Test, Functional 
Independence Measure self-care 
score, Brunnstorm stage, 
Fugl-Meyer UE

Kinect-based game system, along with 
conventional therapy, had 
supplemental benefit for stroke 
patients in upper limb motor 
functions.

Norouzi- 
Gheidari et  al. 
[95]

Pilot RCT 74 Stroke survivors Jintronixexergame system Utrecht Scale for Evaluation of 
Rehabilitation-Participation 
(USER-P) (primary), various 
secondary measures

The VR group showed greater 
improvements in participation and 
upper extremity function.

de Rooij et  al. 
[96]

RCT 64 Community-living 
stroke patients

Virtual Reality Gait Training 
(VRT) vs. non-VRT

Utrecht Scale for Evaluation of 
Rehabilitation-Participation 
(USER-P) (primary), various 
secondary measures

VRT did not have a statistically 
different effect on participation 
compared to non-VRT in 
community-living stroke patients.

Table 2.  Continued.
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increasing their adherence to rehabilitation programs. 
The feasibility and safety of incorporating VR technol-
ogy with traditional therapy offer a flexible and adapt-
able approach to rehabilitation, catering to the unique 
needs of stroke patients and promoting more effective 
recovery outcomes.

In a pioneering inquiry by IkbaliAfsar and colleagues 
in 2018, the synergy between the Microsoft Xbox 360 
Kinect video game system and conventional therapy 
within stroke rehabilitation was explored [94]. Notably, 
the study unveiled an intriguing proposition, suggest-
ing that incorporating this gaming system could con-
fer incremental advantages to individuals undergoing 
post-stroke rehabilitation. The Kinect system’s inherent 
capacity to facilitate patient interaction with virtual 
environments through physical movements introduced 
a dynamic and engaging dimension to the rehabilita-
tive process [97]. This insightful revelation resonates 
significantly, underlining the potential of gaming tech-
nology to augment established conventional rehabili-
tation strategies. Fusing the Kinect system with 
established therapeutic protocols brings about a mul-
tifaceted spectrum of patient engagement, potentially 
stimulating heightened patient interest and conse-
quently augmenting adherence, thereby fostering 
more favourable overall outcomes.

Effectiveness of virtual reality therapy

Virtual reality therapy (VRT) has garnered considerable 
interest as a novel approach to stroke rehabilitation. 
Gueye et al. investigated the effectiveness of VRT using 
the Armeo Spring® upper limb exoskeleton compared 
to conventional physiotherapy [93]. Their study 
revealed that VRT with the Armeo Spring® exoskeleton 
improved upper extremity motor performance more 
effectively than conventional physiotherapy. The posi-
tive outcomes observed in this study demonstrate the 
potential of combining VR technology with a physical 
exoskeleton for upper limb rehabilitation. The ability of 
VRT to engage patients in personalised and immersive 
exercises, coupled with the assistance provided by the 
exoskeleton, seems to contribute to superior motor 
performance outcomes. Furthermore, the finding that 
the effectiveness of VRT does not diminish with patient 
age is particularly significant. This suggests that VRT 
can benefit a broad range of stroke patients, including 
older individuals, which has important implications for 
tailoring stroke rehabilitation programs to suit diverse 
patient populations.

Kiper et  al.’s study in 2018 embarked on a discerning 
exploration of Reinforced Feedback in Virtual 
Environment (RFVE) therapy, seamlessly integrated with 

conventional rehabilitation, focusing on restoring upper 
limb functionality [92]. The study yielded compelling 
evidence, demonstrating that the amalgamation of 
RFVE therapy with conventional rehabilitation led to 
superior outcomes compared to solitary conventional 
rehabilitation, irrespective of the underlying stroke’s ori-
gin. This finding is significant, unveiling the latent 
potential of reinforced feedback within virtual environ-
ments as a dynamic catalyst for accentuating the reha-
bilitative trajectory. This pivotal achievement is rooted 
in the astute utilisation of VR technology’s visual and 
auditory cues, creating an environment conducive to 
optimal motor learning, ultimately culminating in a 
more potentiated and efficacious rehabilitative milieu.

On the other hand, de Rooij et  al. investigated the 
effect of VRT compared to non-VRT in improving par-
ticipation in community-living people after stroke [96]. 
Surprisingly, their study did not find a statistically sig-
nificant difference in the effect of VRT on participation 
compared to non-VRT interventions. The study high-
lights the need to explore further and refine VRT inter-
ventions targeting participation outcomes in community- 
living stroke patients. It raises questions about the 
optimal design of VRT interventions and the impor-
tance of tailoring them to address individual participa-
tion needs, challenges, and preferences.

Virtual reality and dual-task performance

The study by Kayabinar et  al. explores the effects of 
VR-augmented robot-assisted gait training (RAGT) on 
dual-task performance in chronic stroke patients [98]. 
The research focuses on the intriguing concept of 
dual-tasking, which involves performing two tasks 
simultaneously, a common challenge for stroke survi-
vors during daily activities. In their investigation, the 
researchers assessed the impact of VR-augmented 
RAGT on dual-task gait speeds and dual-task perfor-
mance of chronic stroke patients. Integrating VR tech-
nology into RAGT introduces an immersive and 
interactive element to the rehabilitation process, 
potentially enhancing the engagement and motivation 
of patients during therapy. The study’s findings are 
promising, indicating that VR-augmented RAGT 
improved dual-task gait speeds and dual-task perfor-
mance in chronic stroke patients. This suggests that 
adding virtual reality elements to traditional RAGT 
positively affects the patient’s ability to manage two 
tasks simultaneously. The benefits of VR technology in 
this context could be attributed to its ability to create 
a stimulating and engaging environment, encouraging 
patients to focus on both gait training and secondary 
cognitive tasks simultaneously.
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The implications of this study are noteworthy for 
stroke rehabilitation. Dual-task performance is crucial for 
individuals to regain functional independence in 
real-world scenarios [99]. Many daily activities require 
simultaneous attention to movement and cognitive pro-
cessing. Therefore, improving dual-task performance can 
enhance a stroke patient’s ability to perform routine 
activities with increased efficiency and safety. By demon-
strating the positive impact of VR-augmented RAGT on 
dual-task performance, this study contributes to the 
growing evidence supporting the use of Virtual Reality 
in stroke rehabilitation. Incorporating VR technology into 
traditional therapies holds promise for creating more 
comprehensive and effective rehabilitation programs tai-
lored to the specific needs of stroke patients. Despite 
the promising results, it is important to recognise that 
this is a single study, and further research is needed to 
corroborate the findings and explore the long-term 
effects of VR-augmented RAGT on dual-task performance 
in a larger and more diverse patient population. 
Nevertheless, the study highlights the potential of VR 
technology in addressing the complex challenges stroke 
survivors face during their recovery journey, offering 
new avenues for enhancing motor and cognitive reha-
bilitation simultaneously. As technology advances, inte-
grating VR into rehabilitation practices may become a 
pivotal tool in optimising stroke recovery outcomes and 
improving stroke survivors’ overall quality of life.

Virtual reality training and serum biomarkers

The studies conducted by Huang et  al. explore the 
impact of VR training on serum biomarkers and motor 
function in chronic stroke patients, offering valuable 
insights into the potential benefits of incorporating VR 
technology into stroke rehabilitation [90]. Huang et  al. 
conducted a study focusing on the effects of immer-
sive VR training on inflammation, oxidative stress, neu-
roplasticity, and upper limb motor function in chronic 
stroke patients [90]. By immersing patients in a virtual 
environment, the researchers aimed to create an 
engaging and interactive platform to facilitate motor 
recovery and explore its impact on various serum bio-
markers associated with stroke recovery. Huang et  al. 
demonstrated that immersive VR training improved 
upper limb motor function in chronic stroke patients. 
Additionally, the study reported positive changes in 
serum biomarkers, including reduced inflammation 
and oxidative stress levels and enhanced neuroplasti-
city in response to VR-based rehabilitation. These find-
ings suggest that VR training may contribute to motor 
recovery and have potential neuroprotective and 
reparative effects in the chronic phase of stroke.

The implications of this study are significant for 
stroke rehabilitation. Virtual Reality offers a novel and 
engaging approach to rehabilitation, providing a moti-
vating environment for patients to participate in ther-
apy actively. These studies’ positive effects on motor 
function and serum biomarkers suggest that VR-based 
interventions can promote physical and neurobiologi-
cal recovery in chronic stroke patients. By tapping into 
the principles of neuroplasticity and functional recov-
ery, VR technology may enhance the brain’s ability to 
rewire and adapt, leading to improved motor out-
comes. Additionally, the reduction in inflammation and 
oxidative stress seen in the studies may indicate a 
potential neuroprotective effect of VR training in stroke 
patients, which could have broader implications for 
stroke management and recovery. However, it is essen-
tial to acknowledge that this study is part of a grow-
ing body of research on VR training for stroke 
rehabilitation, and more investigations are warranted 
to establish its long-term effects and compare its effi-
cacy with traditional rehabilitation approaches.

Other approaches to virtual reality and stroke 
rehabilitation

Recently, there has been a growing interest in integrat-
ing other VR modalities into stroke rehabilitation, 
including action observation (AO) and the Augmented 
Reality Rehabilitation System (AR Rehab). These innova-
tive approaches have spurred fresh research on enhanc-
ing motor functions, balance, and cognitive abilities 
among stroke patients. For instance, Errante et  al. 
investigated using AO combined with standard VR to 
enhance motor functions in adult stroke patients and 
children with cerebral palsy [84]. By leveraging the con-
cept of mirror neurons through AO therapy, the study 
aimed to improve motor skills and functional abilities 
in these populations. The findings suggest that this 
combined approach holds promise as a novel and 
potentially effective method to promote motor recov-
ery and rehabilitation in stroke patients and children 
with cerebral palsy. Traditional modalities, such as the 
neurological physiotherapy-based approach, were com-
bined with a VR-based program by Peláez-Vélez et  al. 
to investigate the effectiveness of improving motor and 
balance measures in stroke patients [85]. There were 
statistically significant improvements in motor function, 
suggesting that VR-based interventions can augment 
conventional therapy and yield better outcomes for 
stroke patients.

Yang et  al. explored the feasibility of using AR 
Rehab for virtual training delivery [86]. They demon-
strated that the human-machine integrated mode 
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effectively reduced the burden on rehabilitation pro-
fessionals while achieving training goals and minimis-
ing contact rates during the pandemic, making it a 
valuable approach to stroke rehabilitation during chal-
lenging circumstances. Similarly, Kostenko et  al. 
demonstrated the effectiveness and safety of using a 
rehabilitation glove (RG) with VR and biofeedback 
(BFB) to recover hand function in patients during the 
late recovery period after the first hemispheric isch-
emic stroke [87]. The results suggest that this combi-
nation of VR and BFB technology can effectively 
enhance hand function recovery in stroke patients, 
particularly in the later stages of stroke rehabilitation.

Robot-assisted gait training (Lokomat) effectiveness 
on balance and spatiotemporal parameters of gait in 
stroke survivors was investigated by Akıncı et  al. [88]. 
The study revealed varying effects on balance and walk-
ing, highlighting the potential to tailor VR interventions 
based on individual patient needs and goals. In a simi-
lar study, Kuo et  al. evaluated a wearable sensor-based 
virtual reality game (PABLO system) for improving 
upper-extremity function in stroke patients [89]. The 
technology was effective in enhancing hand function 
and shoulder and elbow movements. It elicitedmore 
enjoyment from study participants than traditional 
treatment, suggesting its potential as an engaging and 
effective tool for stroke rehabilitation. El-Kafy et  al. also 
studied robot-mediated virtual reality gaming to modu-
late spasticity and improve motor functions in chronic 
stroke patients [79]. Their findings underline the effec-
tiveness of this approach in enhancing motor recovery 
and function in the affected upper limbs, emphasising 
the potential of robotics and VR technology.

Anwar et al. demonstrated the potential of VR-based 
interventions, as they found virtual reality training to 
be more effective than conventional physical therapy 
in restoring balance and lower extremity function [78]. 
This unique benefit for lower extremity recovery is a 
promising development in the field. Similarly, Lee et  al. 
examined the potential of a low-cost Kinect-based vir-
tual rehabilitation system for upper limb recovery in 
subacute stroke patients [83]. While the system did not 
outperform the sham VR, it did induce more arm 
motion than the control group, suggesting it could be 
a valuable supplementary therapy during inpatient 
stroke rehabilitation.

Meanwhile, Rogers et  al. evaluated the Elements vir-
tual rehabilitation system’s efficacy in addressing motor 
and cognitive recovery post-stroke. The outcomes 
revealed improvements in upper-limb function and 
general intellectual status, affirming this system’s com-
prehensive support to stroke patients [32]. Lee et  al. 
explored the RAPAEL smart glove, a novel tool for 

targeting upper extremity and cognitive function in 
chronic hemiparetic stroke survivors [80]. Their study 
highlighted the beneficial effects of this technology, 
further suggesting its potential as an innovative tool 
in stroke rehabilitation.

In pursuing a well-rounded approach, Long et  al. 
delved into additional VR training focusing on 
self-efficacy and daily living activities in stroke patients 
[81]. While not superior in upper limb function and 
occupational performance, VR training positively 
impacted self-efficacy and daily living activities, posi-
tioning it as a valuable complement to conventional 
therapy. Schuster-Amft et  al. compared virtual 
reality-based training to conventional therapy in stroke 
rehabilitation [100]. Despite the study population hav-
ing moderate to severe motor impairments, both 
groups demonstrated similar effects, with most 
improvements occurring within the initial two weeks. 
This indicates the potential of virtual reality-based 
training, especially for patients with less severe impair-
ments. Ögün et  al. explored the effectiveness of 
immersive VR rehabilitation in enhancing upper 
extremity function and self-care skills in patients with 
ischemic stroke [82]. Their study demonstrated the 
power of immersive VR in augmenting upper extrem-
ity function and self-care skills, suggesting it as a valu-
able tool in stroke rehabilitation.

Comparison with conventional rehabilitation 
approaches

The distinctions in patient experience between VRBR 
and conventional rehabilitation methodologies signifi-
cantly influence the ultimate treatment outcomes. 
VRBR, with its immersive and interactive attributes, has 
the potential to engender a profound sense of pres-
ence, wherein patients feel fully engrossed and con-
nected to the virtual milieu [101]. This elevated sense 
of presence can amplify motivation and compliance 
with therapy, as stroke survivors are more likely to 
engage in their rehabilitative journey actively. In stark 
contrast, conventional rehabilitation often falls short in 
comparable engagement and novelty, consequently 
leading to waning interest and diminished adherence 
to prescribed regimens of exercises [102].

A noteworthy advantage of VRBR is its capacity to 
offer a simulated real-life environment, allowing stroke 
survivors to practice functional activities within a 
secure and controlled realm [103]. This aspect holds 
particular significance when addressing Activities of 
Daily Living (ADLs) and Instrumental Activities of Daily 
Living (IADLs), which bear substantial importance in 
achieving independence and enhancing the overall 
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quality of life. Through immersion in these virtual con-
texts, stroke survivors can hone specific motor skills 
and cognitive capacities requisite for functional auton-
omy. Contrarily, while conventional rehabilitation may 
enhance mobility and strength, it may not consistently 
offer the level of real-life simulation and task-specific 
training that VRBR provides [38].

Adaptability and progression represent another 
compelling facet wherein VRBR takes the lead. VR sys-
tems can be meticulously tailored to each patient’s 
capacities and exigencies, enabling therapists to cali-
brate exercise difficulty levels in real-time [34]. As 
stroke survivors progress, the virtual environment can 
be seamlessly customised to incorporate more chal-
lenging tasks, ensuring a continued trajectory of 
improvement and optimising the benefits of neuro-
plasticity. In contrast, conventional rehabilitation 
modalities might adhere to predefined protocols, pos-
sibly failing to account for the nuanced variations in 
recovery pace among individuals, potentially resulting 
in either underutilisation or overloading of patients 
during therapy sessions [34].

It is imperative, however, to acknowledge the con-
textual caveat that VRBR does not represent a univer-
sally applicable solution. Certain stroke survivors might 
encounter cognitive or physical limitations that could 
hamper their effective engagement with virtual environ-
ments [104]. Traditional approaches and hands-on tech-
niques inherent to conventional rehabilitation continue 
to wield substantial efficacy, especially among patients 
who may not be well-acquainted with or possess access 
to VR technology. Consequently, a judicious and individ-
ualised approach is warranted, delineating the suitabil-
ity of VRBR to specific patient profiles based on their 
unique requirements and circumstances.

While the discourse on VRBR within stroke rehabili-
tation progresses, a critical need surfaces for 
well-structured comparative studies that directly juxta-
pose the efficacy of VRBR against conventional rehabil-
itation methodologies. These studies should encompass 
a spectrum of outcome measures encompassing func-
tional enhancements, quality-of-life improvements, 
cost-effectiveness, and patient satisfaction. Furthermore, 
identifying the patient subgroups that reap the most 
benefits from VRBR is pivotal, as this understanding 
will guide the targeted and efficacious integration of 
VRBR into clinical practice.

The merits of VRBR loom prominently, positioning it 
as a potent and pioneering avenue within the ambit of 
stroke rehabilitation. A salient facet among these merits 
lies in the heightened engagement and motivation it 
bestows upon stroke survivors [73,105]. The immersive 
and interactive characteristics of VR environments 

render therapy enjoyable and captivating, thereby fos-
tering active participation on the part of patients in 
their rehabilitative journey [106]. This heightened 
engagement proves particularly advantageous for stroke 
survivors, offsetting the monotony and lacklustre 
response often associated with conventional rehabilita-
tion modalities [107]. Through this heightened involve-
ment, patients are more likely to adhere rigorously to 
their prescribed therapy regimens, ultimately culminat-
ing in favourable treatment outcomes [108].

A pivotal advantage of VRBR lies in its emphasis on 
task specificity. The virtual realm empowers therapists to 
design exercises and activities that closely mimic real-life 
scenarios [109]. By honing functional movements and 
daily living activities within this virtual framework, stroke 
survivors can fine-tune specific motor and cognitive profi-
ciencies requisite for real-world functionality. This feature 
substantially enhances the transference of acquired skills 
to day-to-day tasks, fostering augmented functional 
autonomy and an enriched quality of life. The real-life 
simulation facet of VRBR proves particularly invaluable 
when addressing ADLs and IADLs [110]. Herein, stroke 
survivors can rehearse these tasks within a secure and 
controlled milieu, thus augmenting their confidence and 
competence before attempting them. Through this prac-
tice mode, VRBR imparts the skillset necessary for inde-
pendent living and self-care, consequently lending a 
robust impetus to their overall rehabilitative trajectory.

Personalisation is a cardinal feature distinguishing 
VRBR from conventional therapeutic modalities [111]. 
VR systems can be meticulously tailored to cater to 
individual patient exigencies and capacities, allowing 
therapists to adjust task intricacies, intensity, and com-
plexities in alignment with each patient’s progression. 
This tailored approach ensures that therapy perpetu-
ally offers an optimal blend of challenge and feasibil-
ity, thereby fueling an ongoing trajectory of 
improvement and capitalising on the potential of neu-
roplasticity. Moreover, VRBR offers the convenience of 
remote accessibility, enabling stroke survivors to pur-
sue therapy within the comforts of their abodes [112]. 
This attribute is particularly advantageous for individu-
als grappling with limited mobility or those in remote 
areas, thereby mitigating the necessity for frequent 
hospital visits and alleviating the burden on healthcare 
resources.

However, with its manifold advantages, VRBR con-
fronts several limitations that necessitate careful con-
sideration to optimise its integration within stroke 
rehabilitation protocols. The issues of cost and equip-
ment requisites, encompassing elements such as 
head-mounted displays and motion-tracking sensors, 
might present formidable barriers to universal 
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adoption, especially within resource-constrained 
healthcare setups [113]. Specialised training for thera-
pists is also a prerequisite to effectively harness and 
tailor VR technology in consonance with each patient’s 
therapeutic objectives [114]. Furthermore, the learning 
curve associated with VR technology could pose chal-
lenges, particularly for older adults with severe motor 
deficits [115]. Ethical concerns about patient privacy, 
data security, and potential overreliance on technology 
must also be meticulously addressed.

Moreover, the inherent individual variability in 
stroke patients’ impairments and recovery trajectories 
mandates a personalised approach to optimise the 
therapeutic impact [116]. Each patient’s idiosyncratic 
requisites and goals must be considered when formu-
lating VRBR programs to realise the most efficacious 
outcomes. Notwithstanding these challenges, the inte-
gration of VRBR within stroke rehabilitation holds sub-
stantive promise in enriching functional outcomes and 
elevating the quality of life for stroke survivors. By 
addressing the limitations and infusing patient-centric 
approaches, healthcare practitioners can maximise the 
potency and adoption of VRBR within stroke rehabilita-
tion paradigms. With the evolution of technology, 
VR-based rehabilitation is poised to play an increas-
ingly pivotal role in elevating the rehabilitative odys-
sey and overall well-being of stroke survivors.

Clinical implications and future directions

The findings of this review have several important impli-
cations for stroke rehabilitation practice. VRBR shows 
promise as a valuable adjunct to traditional rehabilitation 
techniques. The high engagement and motivation levels 
observed in VRBR can lead to improved patient compli-
ance and better treatment outcomes. Stroke rehabilita-
tion practitioners should consider incorporating VRBR 
into their treatment protocols to enhance patient partic-
ipation and promote functional recovery. Furthermore, 
the task specificity and real-life simulation offered by 
VRBR can facilitate better transfer of skills to daily living 
activities. By designing exercises that closely resemble 
real-world scenarios, therapists can help stroke survivors 
regain independence in their daily lives more effectively. 
VRBR’s ability to provide personalised and adaptive chal-
lenges is also noteworthy, as it allows therapists to tailor 
interventions to individual patient needs and progress.

Moreover, VRBR’s potential to enhance neuroplasti-
city and brain reorganisation can significantly impact 
stroke recovery. Therapists can promote neural rewir-
ing by engaging stroke survivors in challenging and 
stimulating virtual environments and improving motor 
and cognitive functions.

While the current evidence supports the efficacy of 
VRBR in stroke rehabilitation, there are still some 
research gaps and areas that warrant further investiga-
tion. One key research gap is the need for more rigor-
ous comparative studies between VRBR and 
conventional rehabilitation methods. Comparative 
effectiveness research can provide a more comprehen-
sive understanding of the added benefits and 
cost-effectiveness of VRBR, helping healthcare practi-
tioners make informed decisions regarding its integra-
tion into clinical practice. Another area for future 
investigation is the long-term impact of VRBR on 
stroke survivors’ functional outcomes and quality of 
life. Longitudinal studies assessing the sustainability of 
treatment effects over time can shed light on the 
durability of VRBR interventions and their potential for 
promoting lasting improvements in stroke survivors’ 
well-being. Additionally, more research is needed to 
explore the optimal dosage and frequency of VRBR 
interventions for different stroke populations. 
Determining the most effective treatment intensity 
and duration can help streamline rehabilitation proto-
cols and maximise treatment outcomes.

To successfully integrate VRBR into clinical settings, 
several recommendations should be considered. 
Healthcare institutions should invest in VR equipment 
and technology to ensure accessibility and availability 
for stroke rehabilitation programs. While initial costs 
may be a barrier, long-term cost savings and improved 
patient outcomes may justify the investment [117]. 
Also, stroke rehabilitation practitioners should receive 
comprehensive training in using VRBR technology and 
designing patient-specific interventions. Ongoing tech-
nical support and guidance are essential to ensure 
therapists can effectively navigate and adapt VRBR sys-
tems to meet individual patient needs. Moreover, col-
laborative efforts between researchers, clinicians, and 
technology developers can facilitate the development 
of evidence-based and user-friendly VRBR interven-
tions. Continued research into the usability and effec-
tiveness of VRBR can inform the design of user-friendly 
and patient-centred virtual environments. Healthcare 
institutions should prioritise patient education and 
engagement when introducing VRBR into clinical prac-
tice. Informing patients about the potential benefits 
and risks of VRBR and addressing any concerns or hes-
itations can increase acceptance and compliance with 
the technology.

Limitations and strengths of study

This narrative review on the efficacy of VRBR in stroke 
survivors has several limitations that warrant 
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consideration. One area for improvement is excluding 
non-English language articles from the analysis, which 
may have resulted in the omission of relevant studies 
conducted in languages other than English. This could 
introduce a language bias and limit the comprehen-
siveness of the review. Another limitation is the tem-
poral scope of the included studies, which is restricted 
to those published within the past five years. While 
this timeframe ensures the incorporation of recent evi-
dence, it may have excluded earlier studies that could 
have provided valuable insights or established a his-
torical context for the evolution of VRBR approaches. 
Notwithstanding these limitations, this narrative review 
presents an up-to-date and comprehensive synthesis 
of the existing literature, delving into a diverse array of 
VR applications in stroke rehabilitation.

Conclusion

The exploration of VRBR as a novel approach for stroke 
survivors reveals a promising and dynamic landscape 
for enhancing rehabilitation outcomes. Through an 
in-depth analysis of current evidence, this narrative 
review underscores the transformative potential of 
VRBR in addressing the complex challenges of stroke 
rehabilitation. The synthesis of various studies demon-
strates that VRBR’s immersive and interactive nature 
offers a unique platform for engaging patients in their 
recovery process. The heightened sense of presence 
and task-specific simulations create an environment 
conducive to motivation and active participation. This 
engagement, often lacking in conventional rehabilita-
tion, has the potential to alleviate the monotony and 
disinterest that can hinder recovery progress. Moreover, 
VRBR’s adaptability stands out as a hallmark advan-
tage. The technology’s capacity to tailor exercises to 
individual patient needs facilitates a personalised and 
progressive approach to rehabilitation. This adaptabil-
ity fosters continued improvement and aligns with the 
diverse recovery trajectories stroke survivors experience.

However, this review also acknowledges the chal-
lenges inherent in integrating VRBR into clinical prac-
tice. Cost considerations, patient suitability, data 
security, and the learning curve for healthcare profes-
sionals and patients require careful attention. The lim-
itations underscored in the review serve as guidelines 
for refining the implementation of VRBR and maximis-
ing its benefits. While VRBR offers an innovative and 
exciting path forward, it is not a panacea. Its success-
ful integration depends on a holistic understanding of 
patient needs, a thoughtful assessment of available 
resources, and a patient-centred approach. As technol-
ogy advances and research evolves, collaboration 

between healthcare professionals, researchers, and 
patients will be pivotal in optimising VRBR’s applica-
tion and impact.
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