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Hemiplegic cerebral palsy is a condition marked by motor dysfunction on one
side of the body. Improving upper limb functionality is one of the main
problems associated with this condition during rehabilitation. Though helpful,
traditional therapeutic approaches frequently have issues with participation
and customized adaption This review systematically examines recent studies
that utilize VR technology to address these limitations by providing
interactive, immersive environments that can be tailored to each child's needs.
Key findings from the literature indicate that VR-based interventions can
significantly improve motor skills, coordination, and overall upper extremity
function in these children. The review highlights various VR approaches,
including game-based therapies and simulated tasks

The review concludes that while VR interventions show promising results
Additional research is essential to enhance these therapies, comprehend their
long-term effects, and tackle practical issues such as accessibility and
affordability. The integration of VR into rehabilitation programs presents a
progressive step forward in pediatric therapy, offering a dynamic tool to
complement traditional methods and enhance the quality of life for children
with hemiplegic cerebral palsy.
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Introduction

Hemiplegic cerebral palsy (CP) is a common form of CP characterized by unilateral motor impairments
affecting one side of the body [1]. It has a considerable effect on the motor abilities of children,
frequently resulting in restrictions in daily activities and a diminished quality of life [2]. Conventional
therapeutic methods, including physical therapy and occupational therapy, focus on enhancing motor
function by means of repetitive exercises and practical tasks [3]. Despite their benefits, these methods
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can sometimes be challenging to implement effectively, particularly in pediatric populations that may
struggle with engagement and motivation.

In recent years, virtual reality (VR) technology has garnered attention as a novel therapeutic tool in the
field of pediatric rehabilitation. VR offers immersive, interactive, and multisensory environments that
can potentially enhance the effectiveness of rehabilitation interventions. By simulating real-world
activities in a controlled and engaging manner, VR has shown promise in promoting motor learning,
improving functional outcomes, and increasing motivation among children with various neurological
conditions, including hemiplegic CP [4].

The use of virtual reality in rehabilitation is consistent with the ideas of neuroplasticity, which postulate
that the brain can restructure itself and create new neural connections in response to experience and
knowledge [5]. Through tailored VR interventions, therapists can create customized rehabilitation
programs that target specific motor impairments and functional goals of children with hemiplegic CP.
These interventions often involve tasks designed to improve upper extremity functions such as reaching,
grasping, manipulation, and coordination, all crucial skills for independence and participation in daily
activities. Even though virtual reality (VR) is becoming more and more popular in pediatric
rehabilitation due to its potential benefits, there is still a dearth of research, especially addressing how
VR can improve upper extremity function in children with hemiplegic cerebral palsy (CP). Therefore,
a comprehensive literature review is essential to synthesize existing knowledge, evaluate the
effectiveness of VR interventions, identify gaps in research, and propose future directions for clinical
practice and research.

This literature review aims to systematically examine and gather existing information regarding virtual
reality-based therapies designed to enhance upper extremity function in children diagnosed with
hemiplegic cerebral palsy. By critically analyzing the findings from relevant studies, this review seeks
to provide insights into the therapeutic potential of VR.

In summary, this introduction sets the stage for understanding the rationale behind exploring VR as a
rehabilitative tool for children with hemiplegic CP. By investigating how VR interventions can
potentially improve upper extremity function, this literature review seeks to contribute to the
advancement of evidence-based practices in pediatric rehabilitation and ultimately enhance the quality
of life for children living with hemiplegic CP and their families.

I. BACKGROUND

Current research demonstrates how well virtual reality-based therapy can improve this population's
upper limb motor abilities and function. Due to injury to the developing brain, a set of permanent
movement impairments known as cerebral palsy (CP) disrupt posture and motor coordination in young
children [6]. Hemiplegic CP specifically involves impairment on one side of the body, often resulting
from prenatal or perinatal brain injury such as stroke or hypoxic-ischemic events. Children with
hemiplegic CP typically experience motor deficits in the affected limbs, including muscle weakness,
spasticity (increased muscle tone), impaired motor control, and difficulties with fine motor skills [6-
7].
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The management of hemiplegic CP focuses on multidisciplinary approaches aimed at optimizing
functional abilities and independence. Physical therapy and occupational therapy are cornerstone
treatments, aiming to enhance motor function through exercises, stretching, splinting, and adaptive
equipment [6-9]. However, these traditional approaches may not always sufficiently engage children
or provide the intensity and specificity needed for effective motor learning and functional
improvement.

In recent years, technological advancements have introduced novel therapeutic modalities in pediatric
rehabilitation, with virtual reality (VR) emerging as a promising intervention. VR systems immerse
users in computer-generated environments where they can interact with virtual objects and complete
simulated tasks. These environments can be tailored to meet the specific needs and abilities of children
with disabilities, offering a motivating and engaging platform for therapeutic activities.

The rationale behind using VR in rehabilitation stems from its ability to provide enriched sensory
feedback, enhance task-oriented training, and create realistic scenarios that mimic everyday activities.
By integrating motor learning principles and neuroplasticity concepts, VR interventions aim to
promote cortical reorganization and improve motor skills through repetitive practice in a safe and
controlled environment.

Research exploring the application of VR in pediatric populations, particularly those with neurological
conditions like hemiplegic CP, has shown promising results. Studies have demonstrated improvements
in motor function, upper limb coordination, range of motion, and functional independence following
VR interventions. Moreover, children often exhibit high levels of engagement and enjoyment during
VR sessions, which can contribute to better adherence to therapy and sustained motivation over time
[10-12]

Despite these advancements, the body of literature specifically focusing on VR-based interventions for
enhancing upper extremity function in children with hemiplegic CP is still developing. Existing studies
vary in terms of methodologies, VR platforms used, outcome measures assessed, and participant
characteristics, highlighting the need for a comprehensive synthesis and critical evaluation of available
evidence.

This review aims to assess the effectiveness, challenges, and potential advantages of virtual reality
technology within this context, with the intention of informing clinical practice, directing future
research initiatives, and ultimately enhancing rehabilitation outcomes for children with hemiplegic
cerebral palsy.

Il. METHODOLOGY

To find pertinent research on the use of virtual reality for upper extremity therapy in children with
hemiplegic cerebral palsy, a thorough search was carried out across a number of databases, including
PubMed, Embase, and Cochrane Library. Studies that assessed the effectiveness of virtual reality-
based therapies in enhancing functional mobility, balance, and/or upper limb function in this
population were included. The Physiotherapy Evidence Database scale was used to assess the
included research's methodological quality.
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I11. DISCUSSION
A. VR based rehabilitation method

Virtual Reality (VR)-based rehabilitation methods leverage immersive, interactive, and customizable
virtual environments to facilitate therapeutic interventions aimed at improving motor function,
cognition, and overall quality of life for individuals with various neurological conditions, including
cerebral palsy (CP)[8-13]. Here’s an overview of how VR is used in rehabilitation:

1)  Immersion in Virtual Environments:

VR systems use head-mounted displays (HMDs) or large projection screens to immerse users in three-
dimensional, computer-generated environments. These environments can simulate real-world
activities or scenarios relevant to the therapeutic goals of the individual [14].

2)  Task-Oriented Training:

VR-based rehabilitation focuses on task-specific training tailored to the needs and abilities of the
patient. Tasks can include reaching, grasping, manipulating objects, hand-eye coordination exercises,
and activities of daily living (ADLS) such as cooking, dressing, or using tools [15-18].

3) Interactive Feedback:

Real-time visual, auditory, and sometimes haptic feedback is provided during VR sessions. This
feedback helps users understand their movements, make corrections, and reinforce proper techniques.
For example, a virtual hand may grasp a accuracy and effectiveness of the movement [19,20].

4)  Motivation and Engagement:

VR environments are designed to be engaging and enjoyable, which can enhance patient motivation
and compliance with therapy. Virtual games, rewards for task completion, and interactive elements
like avatars or virtual coaches can make therapy sessions more enjoyable and less intimidating
[17,21,23-32].

5) Progressive Challenge Levels:

VR systems allow therapists to adjust the difficulty and complexity of tasks in a controlled manner.
As patients improve, tasks can be made more challenging to promote continued skill development and
motor learning [24,25].

B. Types of VR hardware Used
1)  Oculus Quest:

The Oculus Quest is an independent virtual reality (VR) headset created by Oculus, a division of
Facebook currently known as Meta). This device operates without the need for a personal computer or
gaming console. It features six degrees of freedom (6DoF) tracking, enabling users to navigate freely
within virtual spaces. It includes integrated controllers for natural interaction with virtual objects and
environments. It is used for immersive therapy sessions, balance training, fine motor skill exercises,
and cognitive rehabilitation. Its portability and ease of use make it suitable for both clinic-based and
home-based rehabilitation programs [27,32].
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2)  Wii Game (Nintendo Wii):

The Nintendo Wii is a home gaming console known for its motion-sensing controllers and physical
interaction gameplay. It uses motion-sensing Wii Remote controllers that detect movement in three
dimensions (3DoF). The console tracks players' motions to simulate activities like sports, fitness, and
other interactive games. It is widely used in physical therapy for interactive exercises targeting balance,
coordination, and upper extremity function. Games like Wii Fit and Wii Sports provide therapeutic
benefits through engaging and repetitive movements [26].

3) Microsoft Kinect:

Kinect is a motion-sensing input device that Microsoft created for Windows PCs and Xbox game
consoles. It uses depth-sensing cameras and microphones to track body movements and recognize
voice commands without the need for physical controllers. Offers full-body tracking and gesture
recognition. It is used for physical therapy exercises, gait analysis, and motor rehabilitation. Kinect-
based applications allow therapists to monitor and analyze patients’ movements in real time, providing
quantitative feedback and progress tracking [24,26,33].

Each of these devices has been adapted or explored for therapeutic use in rehabilitation settings due to
their ability to engage users in interactive and meaningful activities that promote physical movement,
coordination, and cognitive skills.

4)  Leap Motion Controller:

The Leap Motion Controller is a sophisticated device designed for the accurate tracking of hand and
finger movements. Utilizing infrared cameras and sensors, it captures and interprets these movements
within a three-dimensional space, thereby facilitating user interaction with computers and virtual
environments through gesture-based commands. This technology finds extensive application in virtual
reality (VR), augmented reality (AR), and numerous other scenarios where touchless control is
advantageous

5)  EyeToy Play VR system

EyeToy Play VR is a virtual reality platform created by Sony, intended for use with PlayStation
consoles. This system builds upon the EyeToy brand, which initially utilized a camera to facilitate
motion-based gaming on the PlayStation 2 [2,23,24].

6) Mandala R Gesture Xtreme:

Mandala R Gesture Xtreme is an innovative gesture control system created by Mandala Technologies.
It is specifically tailored for gaming and various interactive applications that utilize hand and finger
movements for user control [25].

7)  GestureTek GX single camera-based video capture VR system:

GestureTek GX is a video capture system designed for virtual reality (VR) and interactive
applications, utilizing a single camera for gesture recognition [28].

Table 1 provides an overview of research findings regarding the effect of a virtual reality (VR)-based
intervention on children with hemiplegic cerebral palsy's ability to use their upper extremities
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yielding results related to

TABLEI.  SUMMARY OF FINDINGS
Targeted
Activities
PAPER Objectives Ha_rdware mCh.Jde Conclusion
Device used functional
movements in
the game

[30] Investigating, with the videogame Exergames, The results suggest that
VITAMIN Platform, the consoles using the the VR therapy
usability and acceptability impaired upper | implemented through
of a VR rehabilitation limb to hit the VITAMIN platform
therapy virtual objects | could be both

projected ona | captivating and

wide screen. beneficial for the
rehabilitation of
children diagnosed with
cerebral palsy.

[26] To investigate how virtual | Microsoft throw the ball | Kinect-based virtual
reality training affects Kinect forward and try | reality training helps
children with cerebral to Dbreak the | children with cerebral
palsy in terms of their clubs, Hit the | palsy improve their
functional ability and target balance, motor
balance. function, and upper

extremity skills,
according to a research

[17] To determine whether an Leap Motion | Range of | Training based on Leap
8-week training program Controller motion, muscle | Motion Controllers
using the Leap Motion strength, need to be regarded as a
Controller, created coordination, successful substitute
especially for upper and fine motor | therapy approach for
extremity rehabilitation, functions young people with
could be beneficial. disabilities.

[21] The assessment of attention | Mind Wave, | Pick and drop | The REHAB FUN has
levels, errors, and time | Leap motion | activities, pop | demonstrated its
spent in a virtual the balloons effectiveness as a
environment was motivating instrument
conducted over 20 sessions, for patients, as

evidenced by the data
collected.

https://internationalpubls.com

578



Advances in Nonlinear Variational Inequalities
ISSN: 1092-910X
Vol 28 No. 2s (2025)

the application of REHAB
FUN.

advancements in children
diagnosed with cerebral
palsy (CP); and second, to
replicate and expand upon
our previous findings to
determine the efficacy of an
8-week home-based VR
intervention in improving
arm  function  among
children. This will be
accomplished by utilizing
the Super Pop VR system
alongside standardized
assessment tools to
measure enhancements in
reaching kinematics, fine

[27] The objective is to assess | Oculus Rift | placing a | The implementation of
whether a reduction in ‘hotdog” in a | visual error
asymmetry between the ‘bun’, pushing a | augmentation in
dominant and non- towel across a | immersive virtual
dominant limbs can be table,  putting | reality has been
detected during a bilateral ingredients in observed to reduce
reaching task. Additionally, a sushi roll. asymmetry in bimanual
share preliminary findings Reaching forward reaching among
from the kinematic data forward two individuals with
analysis of two individuals hemiplegic cerebral
experiencing  hemiplegic palsy.
motor dysfunction due to
Cerebral Palsy (CP).

[28] To assess the effectiveness | Oculus  Rift | Basket Game, | The virtual  system
of the haptic device in|and Haptic | Garden Game, | facilitates movements
rehabilitation therapies. Device pinch, wrist | that assist in fine motor

(Geomatics | flexion and | rehabilitation and
Touch) wrist rotation enhance hand-eye
coordination in children.

[23] The aim of this evaluation | Eye Toy Play | Pop the | Super Pop VR serves as
is twofold: first, to evaluate | VR balloons, Goal | a practical assessment
the practicality of the Super | system directed instrument for children
Pop VR system in reaching in all | with cerebral palsy.
documenting  functional directions
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motor skills, and the active
use of the more affected
hand, all within the child's
familiar surroundings.

[24] The objective is to create | Nintendo Dodgeball VR-based therapeutic
and assess two virtual | Wii, Game and reach | games designed for the
reality  therapy  games | Microsoft + game rehabilitation of upper
aimed at rehabilitating both | Xbox,  and and lower limbs are
upper and lower limbs, | Sony developed through a
while also evaluating their | PlayStation user-centered design
effectiveness with a dual approach, ensuring that
emphasis on therapeutic they are both engaging
significance  and  user for children and suitable
experience. for therapeutic

purposes.

[31] The objective is to evaluate | 2D digital | Meal Maker | The findings of the
the usability of the Meal- | video game study underscore the
Maker and to ascertain its | camera, LCD promise of employing
capability to differentiate | screen virtual reality
between the performance of simulations, like the
typically developing Meal-Maker, to evaluate
children and those with the performance and
cerebral palsy. functional capabilities

of children with cerebral
palsy.

[25] This research investigated | Mandala R | Soccer Virtual reality seems to
the level of motivation | Gesture Application hold significant
displayed by children | Xtreme potential as an effective
during sessions of virtual | Virtual platform for
reality (VR) play. Reality implementing an

engaging rehabilitation
program tailored for
children with cerebral
palsy.

[28] The objective is to record | GestureTek | Birds and Balls, | The  virtual reality
behaviors during and aftera | GX  single | Soccer, Drums, | environment offered a
clinical intervention that | camera-based | Car racing, | chance for engaging in
incorporated a range of | video capture | Juggler, Ocean’ | physical exercise in a
virtual reality-based leisure | VR system and Parachute fun and inspiring way.
activities. This
documentation aims to
illustrate the viability of
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employing this method for
the target population and to
identify the nature of their
reactions to these leisure
experiences.

IV. CONCLUSION

In the realm of rehabilitative technology, Oculus Quest, Wii games, and Microsoft Kinect stand as
prominent examples of how innovative devices can redefine therapeutic interventions. These platforms
offer interactive and engaging experiences that transcend traditional rehabilitation methods, fostering
motivation and enhancing patient outcomes. Whether through immersive virtual environments,
motion-sensing gameplay, or real-time movement tracking, each device demonstrates the potential to
improve motor function, cognitive skills, and overall quality of life for individuals with neurological
conditions like cerebral palsy. As research continues to explore their efficacy and refine applications,
these technologies promise to play a pivotal role in shaping the future of rehabilitation, offering
personalized and effective solutions that empower patients on their journey towards recovery and
independence
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