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Abstract 

 

Objective: To implement neuroplasticity rehabilitation virtual reality activities on post-stroke 

patients suffering from paralysis. 

Methodology 

Conceptualization: Review the process of rehabilitation especially after stroke, while 

exploring the principles of neuroplasticity along with interventions that lead to its induction. 

In addition, discover a research gap and investigate virtual reality and its incorporation in the 

rehabilitation space. 

 

Design: Formulate a VR artefact based on visuomotor imagery intervention, leading to 

primitive cortical rearrangement for stroke survivors. The scene should incorporate an avatar 

that can be operated using one controller for stroke patients who have suffered paralysis on 

one side of their body. 

 

Evaluation: Test the artefact from a patient’s standpoint and report limitations while 

suggesting components to be added in the future for enhancement 

 

Expected Outcome: The project expects to induce cortical restructuring in aiding motor 

recovery. The future findings from this project could lead to the introduction of an innovative 

solution to neurorehabilitation.  
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Introduction  

In the realm of modern health care, the search for novel and effective methods for 

physical rehabilitation has been an ongoing endeavour. Strokes have seen an uprise in recent 

years, especially in young adults, a 38% rise in strokes was recorded between 2004 and 2018 

in Americans aged between 18 and 44 years (Bako et al. 2022). In Australia, according to 

doctor certified deaths, an average 6.15% of all deaths between 2019 and 2022 were due to 

cerebrovascular diseases (Australian Bureau of Statistics 2023). Conditions affecting blood 

supply to the brain due to any damage to the blood vessel is referred to as cerebrovascular 

disease, with stroke being the most notable form (Australian Institute of Health and Welfare 

2015). Strokes often lead to acute motor impairments, in several muscle groups and can 

severely impact the quality of life of the patients (Bower et al. 2015 as cited in Brepohl & 

Leite 2022). Physiotherapy and Occupational Therapy are two common rehabilitation 

practices after stroke, where occupational therapy involves helping patients with everyday 

tasks whilst identifying their strengths and weakness and providing feasible solutions 

(Occupational Therapy Australia 2023). Whereas, physiotherapy helps patients recover their 

muscle mobility, but in its current format has been reported to be monotonous and has seen 

patients abandoning their treatments (Brepohl & Leite 2022). There are various interventions 

in neurorehabilitation that can help with motor recovery post-stroke but need further clinical 

investigation. With rising cases of strokes, the demand for innovative approaches to enhance 

traditional rehabilitation methods is also on the rise (Brepohl & Leite 2022). 

 One innovative advancement that has gained a considerable amount of interest 

recently is the integration of Virtual Reality (VR) with rehabilitation. VR has exponentially 

gained popularity over the past decade with its growing accessibility and capabilities to 

provide tailored visual content. It permits users to experience computer-generated 

environments using a Head Mounted Display (HMD), by visually travelling and interacting 

with their perceivable surroundings using trackers and controllers, respectively. The initial 

attempts at harnessing the potentials of VR were focused towards enhancing entertainment 

experiences such as the Sensorama, which was created to shape the future of cinema, and the 

numerous attempts made by the gaming industry including Nintendo and Sega in the 1970s 

and 80s to develop a VR headset for gaming. But VR has since seen a magnification of its 

employability across a series of diverse occupations including rehabilitation where it has been 

observed to emerge as a promising tool (Glegg & Levac 2018).  

 This paper aims to explore the intersection of VR, rehabilitation and the concept of 

neuroplasticity, and provide an overview of their emergence through a literature review of 
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existing research regarding inducing neuroplasticity and providing evidence supporting the 

effectiveness of VR in improving motor functionality across patients. This piece also aspires 

to address the benefits of VR in chronic pain management and engagement which would help 

understand the fundamentals of creating a tailored VR experience for stroke rehabilitation.  

 

Rehabilitation 

 The World Health Organization describes rehabilitation as a practice that includes a 

set of interventions that help reduce disabilities by the optimization of the physical 

functionalities of individuals with conditions that affect the way they interact with their 

environment. Rehabilitation allows an individual regardless of age, to become as independent 

in carrying out simple or complex tasks as possible (WHO 2023). This is done by identifying 

symptoms and conditions, and accordingly providing the patients with environment 

modifications, supportive devices, and necessary education to self-manage and 

adapt to tasks to perform them safely (WHO 2023). The need for rehabilitation could 

transpire from several causes including but not limited to cardiac, respiratory or neurological 

conditions, fractures, cancer (Wade 2020), or simply age. Depending on the severity of the 

condition, health professionals across various expertise in the rehabilitation help determine 

rehabilitation ‘goals’ and prescribe the best setting they might receive their therapy dosage to 

achieve their goals such as inpatient, outpatient, or even at your home (SA Health 2017). 

Inpatient care is usually recommended for patients that require “intense, multidisciplinary 

rehabilitation intervention” (Department of Health 2015). Outpatient rehabilitation is 

intended for patients who don’t require more than one kind of therapist (American Heart 

Association 2019) and can receive treatment individually or in a group setting (Agency for 

Clinical Innovation 2020). 

 The province of rehabilitation is vast and requires a huge workforce of therapists 

specialising in specific body segments and their functionalities like allied health assistant, 

dietitian, prosthetists, audiologists, speech therapists, occupational therapists, 

physiotherapists, Neuro-psychologist, social worker, etc (Agency for Clinical Innovation 

2020). Even general physicians retain primordial rehabilitation information for minor 

occurrences. Rehabilitation is imperative post-stroke to salvage any disturbed functionality, 

and physiotherapy is considered to be the most popular form of rehabilitation after stroke 

(NIH 2023). However, the complex nature of rehabilitation specifically the assimilation of 

physiotherapy and neurological sciences needs prior understanding, which the successive 

parts of this paper provide. 
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Physiotherapy 

 Traditional physiotherapy relies on a combination of practices including variations of 

manual therapy and therapeutic exercises. Manual therapy or therapeutic massage approach 

involves manually mobilizing joints, manipulating muscles, and providing soft tissue therapy 

that helps decrease pain and improve mobility of the treated areas (Trigg 2022). Therapeutic 

exercises, on the other hand, incorporate a series of intensive movements that need to be 

performed by the patients with repetition, which facilitates them in strengthening their 

damaged body parts (Trigg 2022). Education is also seen as an important tool on the road to 

rehabilitation as it is imperative patients understand the gravity of their circumstances and 

practice safe exercise (WHO 2023). The severity of the injury or ailment determines how 

long the therapy lasts, with intensity advancing as treatment progresses (WHO 2023). All 

together the purpose of physiotherapy is the development, restoration and maintenance of 

functional and movement abilities that may be affected due to factors including injury, 

disorders, disease, ageing, conditions, ageing, etc. (Porter & Tidy 2009, p. 4).  

 Since the proposed Continuum Theory, movement remains to be the core objective of 

physiotherapy. Continuum theory conceptualized eight principles and unites pathology and 

holistic views towards movement which is argued to be affected by the influence of social, 

physical and psychological factors (Cott et al. 1995). The theory also addresses the 

“maximum achievable movement potential” which is the hypothetical “upper limit” and 

while this is physiologically and psychologically the maximum potential of movement set by 

an individual, it is certainly not the levels at which humans consistently function (Cott et al. 

1995). The “preferred movement capability” (PMC) is what we perform daily tasks with, 

whereas the “current movement capability” (CMC) which in most situations is the same as 

the PMC, but when impacted, leads to the need for physiotherapy as the foremost goal for 

physiotherapy is to reduce the discrepancy between CMC and PMC (Cott et al. 1995 as cited 

in Porter & Tidy 2009, p. 4). The severest of cases in which the disparity between CMC and 

PMC is most affected is when a patient suffers paralysis, usually as an aftermath of a stroke. 

 

Occupational Therapy 
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Stroke 

 There are two kinds of stroke, Ischemic and Haemorrhagic with ischemic reported to 

be the most common kind (Gomes & Wachsman 2013), as it accounts for 87% of all strokes 

and is caused by the obstruction of a blood vessel, transporting blood to the brain because of 

clot formation (American Stroke Association 2019). Haemorrhagic stroke transpires when a 

weak blood vessel ruptures and leads to bleeding into neighbouring brain tissue (American 

Stroke Association 2019). The two types of haemorrhagic strokes namely subarachnoid 

haemorrhage which occurs due to accumulation of blood in spaces that usually withhold 

cerebrospinal fluid, and intracerebral haemorrhage where blood directly spreads to 

neighbouring tissues, are known to have a much higher mortality rate compared to ischemic 

strokes (Gomes & Wachsman 2013). Transient Ischemic Attack or a “mini-stroke” occurs 

when a transient clot forms and causes a temporary disruption in blood flow to the brain and 

is usually taken as a warning sign for a future stroke while being treated like a major stroke 

(Centers for Disease Control and Prevention 2022). 

 A stroke can cause serious motor impairments if it impacts the control and balance 

regulator part of the brain leading to paresis i.e., weakness, or worse paralysis (NIH 2023). 

Paralysis and paresis can impact individual parts of the body such only an arm, leg, face, or 

the entire upper, lower or either side of the body in case of neglect syndrome (NIH 2023). 

Neglect syndrome stems from complications with cognitive functioning as another possible 

byproduct of a stroke, where the patient has no knowledge or recollection of one side of their 

body, making it problematic for them to perform even the simplest of tasks like eating, 

walking, or even using the bathroom (NIH 2023). Some other common poststroke effects 

include speech issues – problems with understanding and speaking as a result of severe nerve 

damage and damage to the left hemisphere of the brain, portraying emotion or expressing the 

wrong emotion, sensation, and pain – distressing numbness, pain or unfamiliar sensations can 

develop from harm to the brain’s sensory region (NIH 2023). 

 

Poststroke Statistics  

 Strokes are the number one cause of critical disability in adults worldwide (NIH 

2023). The level of recovery post-stroke depends on the severity and disposition of initial 

diminution since permanent impairment can be caused within minutes to hours if the patient 

is not attended to (Dobkin 2005, NIH 2023). The survival rate post stroke significantly drops 

from 79.4% after 3 months vs 36.4% after 10 years (Peng et al. 2022). Post 6 months, 

integration of the affected hand is not achievable for 65% of the survivors into their daily 



8 | P a g e  
 

activities (Dobkin 2005). Around 50% of stroke survivors suffer from “paretic upper 

extremity” post-stroke for up to 6 months, and only between 5 - 20 per cent of this population 

recover full upper extremity functionality (Lohse et al. 2013). Recovery post stroke occurs 

spontaneously especially during the first 30 days, but patients with modest to critical 

impairments can experience additional recovery even after 3 months (Alawieh, Zhao & Feng 

2018). More recent studies have shown that it is possible for patients to continue recuperating 

for even up to a year after the stroke (NIH 2023). Only 25% of survivors are observed to 

physically function at levels that of a person unaffected by a stroke (Dobkin 2005). 

 

Neurological Rehabilitation 

 In spite of knowing the advantages of physiotherapy, it can be extremely challenging 

for patients with limited motor skills to engage in it making it difficult to provide relevant 

stimuli for experience-based neural plasticity for neurorehabilitation (Garrison et al. 2010). 

Neurological rehabilitation, unlike investigative neurology, extends beyond the impairments 

and delves into functional repercussions to minimize the effects of disability on the patient’s 

well-being (Barnes 2003). Any formulated improvements within successive weeks following 

the stroke signify the restoration of neurotransmission in unaffected tissue near and away 

from the stroke-affected area caused by either haemorrhage or infarct (Dobkin 2005). 

However, progress in linguistic, cognitive, and motor skills can occur through cerebral 

mechanisms involved in common learning (Dobkin 2005). Increased excitability and 

engagement of neurons in both hemispheres of the brain are aspects of experience-driven 

neuroplasticity, contributing to improvement in performance, the growth of dendrites that 

connect neurons to other neurons, and the strengthening of these synaptic connections 

(Dobkin 2005). Improvement in patients’ skills has been confirmed via functional 

neuroimaging studies intimating cerebral activations in both hemispheres (Dobkin 2005). 

 

Neuroplasticity 

 Neuroplasticity can be broadly characterized as the nervous system’s ability to 

respond to both internal and external stimuli by reconfiguring its interconnections, function, 

and overall composition (Cramer et al. 2011). In the field of cognitive neuroscience, research 

has made great advancements towards mapping the human brain and identifying its functions, 

representational components, and knowledge (Grafman 2000). According to neuroanatomy, 

every body part corresponds along the precentral gyrus, the primary motor cortex responsible 

for voluntary physical movement, which is topographically represented by the motor 
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homunculus (Nguyen & Duong 2022) (see image 1). Similarly, the sensory homunculus 

represents the topography of the sensory distribution of the body (Nguyen & Duong 2022) 

(see image 1). At least 4 primary forms of functional neuroplasticity have been examined in 

humans namely: “homologous area adaption, cross-modal reassignment, map expansion, and 

compensatory masquerade” (Grafman 2000). This phenomenon can be comprehensively 

interpreted at various levels spanning from the molecular and cellular levels to systems and 

even observable behaviours (Cramer et al. 2011).  

 
Image 1 (Nicholas, Johannessen & Trees Van Nunen 2019, p. 36) 

 

 Neuroplasticity has been observed to transpire in response to various situations such 

as during developmental phases, environment modifications, facilitation of learning 

processes, illness, and therapeutic interventions (Cramer et al. 2011). Motor recovery having 

been extensively studied suggests that the motor homunculus can experience spontaneous 

intra-hemispheric changes as a result of any damage to the region, resulting in the alteration 

of the topography, meaning the hand zone can shift into the shoulder or even the face zone 

(Cramer et al. 2011). Parallelly, the balance of the inter-hemisphere can shift to the extent 

where the uninjured hemisphere transcends the normal amount of movement activity (Cramer 

et al. 2011, Grafman 2000). This leads to overcrowding of the “new brain area” having 

accepted new cognitive function which squeezes the interpretation of knowledge within the 

modified module (Grafman 2000). In this case the potential of interference increases during 
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the simultaneous execution of tasks that require the usage of adjacent zones in the cortex, one 

of which is transported from its natural location. 

 The following are instances that provide functional evidence of neuroplasticity: 

research regarding a young 7-month child incurring a severe injury including a skull fracture 

and a temporal haemorrhage grew up to develop relatively normal visuospatial skills (Levin 

et al. 1996). The functional MRI (fMRI) scans confirmed the interhemispheric transfer of 

visuospatial skills to the left parietal region from its natural placement which is the right 

parietal region (Levin et al. 1996). However, the child was also diagnosed with dyslexia and 

dyscalculia, suggesting left parietal dysfunction caused due to the competition between 

visuospatial and verbal functions in the left hemisphere (Levin et al. 1996). Another study 

conducted by Fuji and Nakada (2003) observed similar results when the fMRI scans depicted 

a shift of the right-hand grasping motion laterally to the right hemisphere, accompanied by 

augmented utilization of the left posterior premotor cortex and the bilateral supplementary 

motor region in a patient with right hemiparesis, which in a healthy cortex is generated 

primarily in the left motor cortex (Fujii & Nakada 2003 as cited in Cramer et al. 2011). In 

addition, various other studies have reported several patterns of map reorganisation following 

a stroke, and when it comes to reorganisation of the motor functions for the upper extremity, 

the most common shifts observed were towards the ventral or the posterior direction (Cramer 

et al. 2011). 

 While the notions of neuroplasticity have been confirmed, it has been also suggested 

that not all plasticity produces positive results and can have negative impacts. For example, 

new epilepsy cases are frequently found to arise following cerebral damage, often exhibiting 

months or even years after the initial injury. This deferred commencement implies that 

continuous modifications within the brain, like axonal germination and the creation of new 

connections, produce changes in disinhibition and neuron signalling, which can trigger 

seizures (Prince et al. 2009 as cited in Cramer et al. 2011). Other instances indicative of 

maladaptive plasticity encompass allodynia and persistent pain after limb injuries like 

amputation, or damage to the central nervous system (CNS) which is followed by dystonia, 

and cases of autonomic dysreflexia after spinal cord injury have also been reported. Hence, a 

combination of adaptive and maladaptive plasticity is recommended for recovery from 

trauma or disease which can occur alongside. 
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Inducing Neuroplasticity 

Neuroplasticity can be time-dependent, fluctuate in response to environmental factors, 

exhibit specificity, and be compellingly influenced by the level of simultaneous training 

(Cramer et al. 2011). Promising interventions already exist that target the promotion of 

neuroplasticity including the Hebbian principle, mechanisms related to verbal encoding, 

social influences, and task-specific training. These interventions are implemented with 

careful incorporation of the comprehensive principles of neuroplasticity (Kleim and Jones, 

2008 as cited in Cramer et al. 2011). Engaging in skill-specific training has been 

demonstrated to augment behavioural outcomes along with enhanced brain plasticity making 

it a definite instance of harnessing neuroplasticity (Cramer et al. 2011). The degree to which 

the outcomes can be improved through training and plasticity is directly dependent on the 

presence of adequate remaining neural assets irrespective of the duration or nature of the 

brain injury (Riley et al. 2011 as cited in Cramer et al. 2011). Whilst these interventions have 

come across as positive, practices such as invasive and non-invasive stimulations (Wagner et 

al. 2007), cognitive training, neuropharmacology (Floel & Cohen 2010), and physiotherapy 

have been confirmed by numerous studies to induce neuroplasticity. 

Non-invasive brain stimulation includes transcranial magnetic stimulation (TMS) and 

transcranial direct current stimulation (tDCS) that incorporate different electromagnetic 

principles to noninvasively induce brain activity via scalp electrodes (Wagner et al. 2007). 

The principle of electromagnetic provocation is also shared by methods of deep brain 

stimulation, which is an invasive stimulation process, but unlike TMS and tDCS, deep brain 

stimulation uses implanted electrodes to transport electrical current to induce behavioural 

alterations (Cramer et al. 2011). When directed towards optimal stimulation spots, deep brain 

stimulation can have effects on emotion, behaviour and thought (Cramer et al., 2011) 

 

Motor Imagery 

 This phenomenon is identified as the process of rehearsing a physical act mentally 

without actually performing the physical movement (Allami et al. 2007). Early discussions 

regarding “imagined practice” argued its effects as an interest booster and anxiety reducer 

whilst also as an aid to subjects in their preparation for performing actions at strategic and 

motivational levels but provided reasons for uncertainty about the available data and called 

for a persuasive demonstration to confirm the effects of imagined practice (Winters & 

Reisberg 1985). Further claims discussed the possible role played by one’s imagery abilities 

and whether imagined content played an influential role in the simultaneous physical 
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outcomes (Winters & Reisberg 1985). Later studies mention clinical evidence implying that 

imagination and implementation of a physical act depend on “overlapping brain networks” 

and that damage to the brain region which affects action execution can also have effects on 

the brain’s mental stimulation abilities (Allami et al. 2007). In their own conducted study, 

Allami et al. (2007) reported that participants benefited from mental practice for an extended 

period of a motor function compared to physical practice alone, a higher amount of imagined 

movement led to higher motor improvement, particularly for difficult tasks. Interestingly 

enough the effects of mental practice were observed even before the subjects enacted the task 

physically (Allami et al. 2007). There are extensive papers that provide evidence towards the 

excitability of motor learning and how the motor cortex combines external cues such as 

visual and contextual information and internal signals like kinesthetics and haptic feedback to 

produce a neural representation of simulated actions (Ruffino et al. 2017). Motor imagery’s 

(MI) optimistic benefits on physical performance have long been studied and applied in 

sports psychology, where athletes use mental practice in addition to their physical preparation 

to enhance dexterity (Jeannerod 2006 as cited in Ruffino et al. 2017). Furthermore, mental 

practice with MI has been seen to improve various physical aspects such as movement, speed, 

muscle strength and accuracy (Ruffino et al. 2017).  

MI has also been reported to facilitate post-stroke recovery in clinical rehabilitation 

(Jackson et al. 2004 as cited in Allami et al. 2007). There are various rehabilitation studies 

listed by Ruffino et al. (2017) that discuss combining physical and mental practices for 

superior motor recovery. Although one published study critiqued the findings and reported 

multiple influential factors that may alter effects derived from mental training including 

adherence, dosage of imagery, nature of instructions, relaxation, outcome measurement, 

patient selection and diversity (Malouin et al. 2013 as cited in Ruffino et al. 2017). Thus, the 

description and understanding of all components is necessary for MI to be beneficial, 

particularly in clinical settings and have the participants familiarized with mental imagery 

(Malouin et al. 2013 as cited in Ruffino et al. 2017). There was also evidence found in 

combining MI with observation as they both evoke similar neural courses i.e., the mirror 

neurons (Garrison et al. 2010). An increase in hand muscle response caused by the 

stimulation of the motor cortex was detected when subjects observed another subject’s hand 

movements (Maeda et al. 2002 as cited in Ruffino et al. 2017).  
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Motor Imagery and Plasticity 

 Having established the principles and evidence for neuroplasticity and MI the 

question at hand arises of whether imagining a physical act induces neuroplasticity and 

whether can it assist stroke survivors with the formation of novel neural connections to regain 

their motor/sensory function. The link between mental practice and cortical rearrangement in 

healthy human brains was first demonstrated in 1995, where over 5 days, participants were 

required to visualize piano exercises and imagine the sound and were tested daily using TMS 

mapping (Pascal-Leone et al. 1995 as cited in Ruffino et al. 2017). Findings implied a 

progression of skill, confirmed by a reduction in errors and variability. The expansion of the 

cortical representation of the extensor and flexor muscle of the long finger in the opposite 

primary motor cortex also indicated the possibility of cortical modifications because of 

mental practice with MI comparable to that evoked through physical training (Pascal-Leone 

et al. 1995 as cited in Ruffino et al. 2017). Avanzino et al. (2015) further supported these 

findings by revealing that in addition to cortical rearrangement, the practice of MI also 

strengthened synaptic connections (Ruffino et al. 2017). Jackson et al. (2003) using their PET 

scans also exhibited that MI and physical practice induced homogeneous functional 

variations in the cerebral region which meant higher stimulation of the orbitofrontal cortex 

and reduced stimulation of the cerebellum, with regards to learning a successive motor task 

through MI (Ruffino et al. 2017). Another study integrated MI with visual and audio cues and 

found the facilitation of cortical reorganization (Hovington & Brouwer 2010 as cited in 

Ruffino et al. 2017). However, provoking plasticity in a healthy brain is quite different from 

inducing it in a brain that has suffered a variation of a stroke or a CNS disease, especially 

when the injury affects the motor region of the brain. 

 

Mirror Therapy 

Ramachandran & Rogers-Ramachandran (1996) developed an intervention called the 

“virtual reality box” which used a vertically placed mirror in a cardboard box that would line 

up perpendicularly with the patient’s chest in a way that it superimposed the patient’s 

unimpaired hand which was then used to carry out hand exercises. The size of the mirror 

depended on the level of disarticulation (Ramachandran & Rogers-Ramachandran 1996). The 

mirror, while reflecting these hand movements, evoked the illusion that the actions were 

being performed by the impaired hand (Stevens & Stoykov 2003). The visual component was 

further strengthened by instructing patients to visualize the reflected limb as their own, 

moving around in space (Stevens & Stoykov 2003). This method saw promising results in 



14 | P a g e  
 

improving motor recovery post-stroke as results suggested increased grip strength in the 

affected limb along with an increase in the range of motion in the wrists (Stevens & Stoykov 

2003). Another study assessed the effects of visuomotor training by comparing fMRI scans of 

the motor cortex before and after employing the mirror box intervention and saw a substantial 

growth in premotor cortex activity following the program compared to prior, along with a 

change in representations within the motor cortex for hand and arm in terms of activation size 

and level for two out of their 3 subjects (Giraux & Sirigu 2003). Such data suggests that 

mirror therapy can possibly induce plasticity. 

 

VR Integration 

The usage of VR has been linked with producing certain positive effects in 

rehabilitation patients.  Post-stroke depression is commonly found in stroke survivors (Gaete 

& Bogousslavsky 2008), and the use of VR has been linked with improving the quality of life 

in patients with cognitive impairments (Afifi et al. 2022). Furthermore, there are already 

studies that have incorporated VR with physiotherapy that talk about the stimulating abilities 

of VR and how it helped make the process of rehabilitation more enjoyable and playful 

(Brepohl & Leite 2022). More importantly, it targets some of the most prevalent issues faced 

by physiotherapists including adherence and pain management (Lohse et al. 2013).  

 

Adherence and Engagement 

The most common problem physiotherapists struggle with is adherence. Therapeutic 

exercises require patients to be obedient and consistent with their required physical 

movements to induce neuroplasticity (Lohse et al. 2013), but commitment is often tough to 

achieve as patients are commonly seen to abandon their treatment (Brepohl & Leite 2022). It 

has been indicated that therapy dosage, especially the frequency of exercise repetitions is 

already well below the optimal level required for recovery (Lohse et al. 2013). And this is 

where VR has been seen emerging as a promising entity. With its competence to harness 

sophisticated graphics, haptics and motion tracking, VR can offer immersive experiences that 

can help sustain patients’ motivation, while having a positive effect on their emotional state 

(House et al. 2016). Early research works explored the intervention of video games in 

physiotherapy practices to reinforce adherence, as they were observed to be highly engaging 

objects that motivated patients to push into achieving their goals with an added element of 

fun (Lohse et al. 2013, Glegg & Levac 2018, Vernadakis et al. 2014). Immersion being one 

of the major objectives of virtual reality when paired with a gaming component, could lead to 
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an increase in the dosage of movements relevant to therapy (Lohse et al. 2013). Promising 

results were found in a study where the inclusion of Wii gaming in poststroke participants 

promoted motor recovery (Saposnik et al. 2010). The study included participants between the 

ages of 18 and 85 who suffered from their first stroke within the past 6 months, this time 

frame ensured maximum enhancement for recovery (Saposnik et al. 2010). Subjects were 

required to play sporting and cooking games using motion-sensing controllers that obliged 

wrist, hand and arm movements (Saposnik et al. 2010). The results concluded that motion 

gaming is a “safe and feasible” substitute for the promotion of rehabilitation (Saposnik et al. 

2010). In another study, participants were also found wanting to continue therapy and seen 

recommending it to other people (Yong Joo et al. 2010 as cited in Lohse et al. 2013). 

 

Pain Management 

 In the process of rehabilitation, it is unlikely for one to avoid the sensation of pain. 

Whether it be after an injury, operation, or stroke, the process of persuading your affected 

motor functionalities to reach back to their initial state or come as close to physiologically 

possible, can be extremely discomforting which is a significant reason for patients to reduce 

and even discontinue their therapy sessions (Lohse et al. 2013). Hoffman et al. (2000) were 

the first ones to provide evidence of VR’s effectiveness as a nonpharmacological analgesic or 

simply a pain-relieving substance that is not medication. Their case study involved adolescent 

patients with deep flash burns who were provided with a VR game as a means to distract 

them while undergoing wound care resulted in a significant reduction in sensory pain scores 

for both patients and a decline in anxiety for one of the patients, which usually ascends from 

the visuals of dressing changes, as the patient was observed to focus more on the VR tasks 

than the wound (Hoffman et al. 2000). With VR’s immersive capabilities, the brain is 

occupied with comprehending the visuals of the digital environment which draws their focus 

away from their impairments, which diminishes their perception of pain as distracting 

incentives can reduce the activity of nociceptive neural signalling (Triberti et al. 2014 as cited 

in Pourmand et al. 2018). In addition, most HMDs on the market currently do not offer the 

functionality of switching between digital and physical views, which further reduces the 

patient’s access to their wounds and impairments. Since the publication of the case study by 

Hoffman et al. (2000), numerous articles have come about to support the hypothesis that VR 

can be used as a distraction for patients suffering from a range of chronic and acute pain 

conditions (Pourmand et al. 2018).  

Challenges around using VR 
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Virtual reality users have often been witnessed to experience symptoms of motion 

sickness, nausea, eye fatigue, and disorientation, also frequently referred to as VR sickness or 

even cybersickness. We as humans recognize motion and orientation via many sensory 

organs and the entire procedure of movement is processed in sync among these organs 

making it possible for us to cognize our placement and movement with ease (Chang et al. 

2020). However, when there is a disparity between the visual information and the data being 

input by the vestibular system, sensory conflicts can arise, which can lead to motion sickness, 

commonly experienced during chaotic travels that involve unexpected movements (Chang et 

al. 2020, Sherman 2006). It has also been claimed that the deception of motion, called 

vection, which is usually only experienced for a very short amount of time in the physical 

world, can be extended in VR due to certain visual content making the user feel like they’re 

moving when in reality, they are not (Chang et al. 2020).  

Multiple factors can trigger these symptoms in VR starting with display type, field of 

view, and latency, all of which can directly affect the VR experience and lead anywhere from 

mild to major discomfort (Chang et al. 2020). The stereoscopic nature of HMD paired with 

high-fidelity virtual substance can cause an inconsistency between expected and observed 

sensory information causing high levels of vection leading to VR sickness (Chang et al. 

2020). Field of view (FOV) is considered as the range or the visual angle obtained through a 

display device to experience the digital environment and while a wide FOV is most 

favourable for an optimal viewing experience, a reduced FOV during rotation and 

acceleration can effectively lessen user discomfort (Chang et al. 2020). Latency can be 

referred to as the delay between a transmitted action and the corresponding on-screen 

response. A head movement in the physical world is shadowed by simultaneous movement in 

the surrounding area at the same speed and direction, but a movement in VR is amenable to 

tracking delays giving rise to blurry visuals and leading to a variation in time between user 

expectations and what is actually being viewed (Chang et al. 2020). Latency is a leading 

factor in causing VR sickness, so it is important to choose hardware that offers high refresh 

rates and superior motion tracking capabilities to minimize the effects of motion-to-photon 

latency (Chang et al. 2020). 

Entities such as locomotion, the mode of movement within the virtual environment, 

and scene sophistication including 3D model complexity, texture quality, and controllability 

all sustain significant effects on the user’s experience. Scene sophistication can make or 

break immersion and presence, which are the 2 pillars of VR. Complex scenes containing 
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numerous 3D assets especially with dense geometry and multiple lights can take a long time 

to render leading to prolonged loading screens causing latency (Chang et al. 2020). Moving 

objects have also been observed to stimulate nausea compared to static objects (Lubeck et al. 

2015 as cited in Chang et al. 2020). Along with nausea and motion sickness, prolonged use of 

VR can also cause eye strain and a major advocating element of this is the phenomenon 

known as vergence accommodation conflict (VAC), which continues to be a complicated 

problem in HMDs even today (Kramida 2016). It forces the user’s visual sensory system to 

abnormally adjust to opposing signals, increasing the time required for the merging of 

binocular imagery while diminishing fusion veracity (Kramida 2016). The visual sensory 

organs adapt to the distance of the focused object and blur out the surrounding entities, but 

with stereoscopic views, the eyes have to look through the lenses of the HMD that are fixed, 

while the virtual environment consists of things located at varying distance, making it unable 

to perform the focusing and blurring phenomenon as the lens projects everything in focus 

(Kramida 2016). Therefore, it is advised not to use VR for extended periods of time. 

Methodology 

 The prospect of applying MI for mental practice as a feasible practice for 

physiotherapy was initially discussed by Alan Richardson in his two reviews back in 1964 

and 1967 (Ruffino et al. 2017). Since then, it has been established that MI can induce 

plasticity during recovery, but there’s still extraordinarily little information about the origins 

and its connection to motor rehabilitation (Ruffino et al. 2017). The standard of existing 

evidence supporting commonly used interventions including MI, virtual reality and mirror 

therapy is moderate (Pollock et al. 2014). One study by Kaneko et al. (2003) found a 

correlation between MI and execution implying that a functional reorganization or reduced 

excitability in the cerebral cortex region involved in movement execution is likely to decrease 

its ability to produce voluntary muscle output after a period of immobilization. Several 

review articles mention and discuss the benefits of employing MI interventions to improve 

motor performances in numerous neurological disorders (Garrison et al. 2010, Malouin et al. 

2013, Mulder 2007, Ruffino et al. 2017), but most of them found little to no evidence 

regarding the matter at hand. They commonly agree on initiating investigative clinical studies 

for more definitive conclusions regarding the capabilities of MI in stroke rehabilitation. With 

the urgent need for high-quality evidence to support interventions (Pollock et al. 2014), I 

opted to design an artefact that could help develop neuroplasticity in post-stroke survivors 

with regard to upper limb functionality. 
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VR is a tool efficient in immersing the user by providing a combination of visual and 

physical experience. Circling back to some of the earlier mentioned interventions, including 

the incorporation of MI with physical movement and action observation, VR’s ability to 

combine these interventions via a tailored virtual experience makes it a strong alternative for 

studying MI and its effects on plasticity. Im et al. (2016) and Choy et al. (2023) have been 

observed using VR to promote MI in stroke patients and found certain assuring results. Im et 

al. (2016) suggest that the effects produced by combining MI with VR were superior to those 

produced by MI alone, however, their study did not use HMDs and instead used a PC and 

only focused on wrist functionality. Alternatively, Huang et al. (2022) and Choy et al. (2023) 

do make use of HMDs in their studies. Huang et al. (2022) being a rare randomized 

controlled trial, mentioned the customizable attribute of VR but used twenty commercially 

available environments that included various daily life activities implying the scenes weren’t 

tailored to examine the effects of any specific interventions but just the effects of VR on 

neuroplasticity and upper limb motor function. Choy et al. (2023) in their review concluded 

that the approach of using VR to support MI has potential but needs further investigation 

specifically to confirm whether VR can boost neural response during the first month of 

recovery after stroke. All things considered, the need to explore the effects of VR using an 

HMD, created for a specific intervention still exists. Hence, I chose to create a VR artefact 

tailored to assist in enhancing MI. 

Yoxon & Welsh (2020) mention that on a group level, plasticity induced through MI 

has relatively been inconsistent and the reason behind it could be due to differences in 

individuals’ ability to imagine content. This complication will also be avoided with the 

artefact as the scene would provide common grounds for the users and researchers and be 

especially helpful for the ones with cognitive damage who would otherwise find it tough to 

fabricate imaginative content. With the earlier mentioned potentials of VR, this artefact 

provides an innovative solution to explore the effects of visuomotor imagery on inducing 

neuroplasticity towards regaining upper-body motor functionality. Reports suggest that about 

55-75% of stroke survivors continue to have limited upper extremity functionality (Yavuzer 

et al. 2008). This is why I focused on developing the artefact to aid with upper body 

impairments and built it specifically for stroke survivors who have suffered from paralysis in 

the one side of their body as an aftermath. 
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Studies have used Mirror Therapy intervention over the years, the following table 

depicts the body parts they most utilized in carrying out the study and the effects of mirror 

therapy on the limbs. 

 

Study Body parts used Effects of the therapy 

Ramachandran & Rogers-

Ramachandran (1996) 

5 left limbs and 5 right limbs Various effects across different 

patients but notably found evidence 

suggesting plasticity in the sensory 

homunculus and motor restoration in 

paralysed arm. 

Stevens & Stoykov (2003) Wrist Increased functionality in the paretic 

limb 

Yavuzer et al. (2008) Wrist and finger flexion Improvement in hand functions 

Kang et al. (2012) Left hand and left wrist Higher cortical excitability (in VR 

conditions) 

Im et al. (2016) Wrist Functionality Elevated motor evoked potentials 

Thieme et al. (2018) Full body Moderate quality evidence depicting 

improved motor functionality 

  

This table depicts the effectiveness of Mirror Therapy as it has been observed to 

produce some assuring results in terms of plasticity and improved functionality. These 

specific studies were chosen due to their direct alignment with the topic at hand which 

focuses on Mirror Imagery and its effects on plasticity in the homunculus. Ramachandran & 

Rogers-Ramachandran (1996) were the first to propose the use of Mirror Therapy and its 

effectiveness, so it was important to study the origination of the intervention for the purpose 

of design and the probable result. These studies also indicate the effectiveness of Mirror 

Therapy over time indicating that this intervention has been relevant since its introduction 

and produced promising results, especially with the addition of newer technologies. Lastly, 

they were selected due to their involvement of stroke patients in their trials. Thieme et al. 

(2018) were insightful as it was one of few studies that incorporated full body recovery as 

opposed to just upper body. Results although moderate quality suggested that mirror therapy 

improved motor impairments even beyond the first six months after stroke (Thieme et al. 

2018). The table also depicts that most of the studies used upper-body movements 
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specifically hands and wrists to derive their conclusions regarding the effects of the therapy. 

By analysing this information, I decided to direct the VR artefact to induce neuroplasticity to 

support upper-body functionality specifically the upper arm, which hasn’t been studied 

sufficiently. Kang et al. (2012) in their comparison study mention higher cortical excitability 

in the upper extremity in their VR setting versus physical setting, further justifying the 

employment of VR.  

 

Artefact 

There are multiple game engines that are software that help produce interactive scenes 

or environments. The two most popular game engines are Unity and Unreal, both of which 

support VR. I chose to build my setup in Unity as I have been working with it for a while and 

in their current state Unity is preferable over Unreal for VR. The setup incorporates a mirror 

system using a camera that projects the renders onto a plane using a render texture, along 

with a desert terrain, a skybox and an Extended reality (XR) robot rig which would be 

embodied by the users upon usage. The Virtual scene has been set up using, the HP reverb 

G2 VR system, an industry favourite, which offers high-resolution lenses with 2160 pixels 

per eye along with a 90Hz refresh rate and weighs about half a kilo making it fairly light as 

well (HP 2020). These specifications help counter some important issues mentioned earlier 

including latency and in turn motion sickness, while providing realistic graphics that are 

further supposed to amplify presence and immersion (Chang et al. 2020). 

The desert environment is supposed to mimic a vast open natural space as opposed to 

a closed and restricted hospital atmosphere. Patients have often been observed getting 

anxious and overwhelmed with their diagnosis bringing about anxiety during their hospital 

stays leading to slow recovery, an increase in pain sensitivity, and reduced adherence (Orbell 

et al. 2013). This instigates the need to mentally relocate patients out of a room setting 

making VR heavily advantageous for its integration into neurorehabilitation especially as it 

has been discussed earlier to tackle the adherence and elevated pain. VR’s distractive 

attributes and their limited access to the physical world can help divert the users' attention, 

leading to less anxiety that arises from the visuals of their impairments and a reduction in 

pain levels (Pourmand et al. 2018). The simulation of natural space can also have positive 

effects on the user as natural spaces have been linked with considerable impact on mental 

health and have also been studied to encourage rapid recovery of cognitive performances 

(Mantler & Logan 2015). The artefact framework is inspired by the aforementioned 

Ramachandran & Rogers-Ramachandran’s mirror therapy principle. However, instead of the 
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reflection imagery portraying the movements of the unimpaired arm giving the illusion of 

perfectly normal motor functionality in the impaired arm, the VR avatar has been set up to 

control both arms using a single controller. This means that patients suffering from 

hemiparesis or neglect syndrome would essentially be able to hold the controller and move 

their unimpaired hand (in this case left) and the avatar would mirror those movements onto 

the other arm.  

 
Image 2 VR artefact screenshot 

 
Image 3 VR artefact screenshot 

 

VR with its immersive nature is one of very few if not the only entity that would 

allow disabled users the ability to have believable motor functional capabilities. This 

believability arises from the consciousness of the user’s immediate environment which 

heavily depends on information gathered through the sensory system (Slater & Sanchez-
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Vives 2016). And upon effective substitution of the sensory perception, the brain begins to 

believe what’s being perceived, i.e., the data being presented through VR, which is why the 

consciousness gets shifted to that of the virtual environment despite the user’s intelligence 

knowing it’s not real (Slater & Sanchez-Vives 2016). Some experiments have demonstrated 

that it is considerably easy to transfer the sense of body ownership to either non-body part 

objects or even to a completely unique body, depicting how flexible body ownership is 

(Slater & Sanchez-Vives 2016). The shift of the consciousness will be reinforced by the 

mirror located directly in front of the avatar which should lead to cortical stimulation and 

lead to the possible induction of neuroplasticity. Having established earlier the need for a 

study within the first month after stroke, and that physiotherapy isn’t always achievable with 

patients immediately after infarct, this artefact requires very limited physical movement and 

features promising interventions that could assist in regaining some motor recovery as there 

have been claims of improved motor functions following mirror therapy (Yavuzer et al. 

2008). Experience-driven neuroplasticity could also strengthen synaptic connections as 

suggested by Dobkin (2005), which this artefact should offer, with the addition of being fun 

and motivating (Brepohl & Leite 2022). The artefact also contains meditative ambient music 

which should help in the reduction of anxiety, stress and depression in post-stroke patients as 

it has been found to do so when accompanied by physical activity (Wan Zhen Lee et al. 

2023).  It is imperative that the patients be made aware of the artefact and that they 

understand all components of the study as it can majorly impact the outcome of the study 

(Malouin et al. 2013 as cited in Ruffino et al. 2017). Hence as a reminder, the mirror also 

holds a note suggestive of focusing on their right (impaired) hand to produce cortical 

activations. 

 
Image 4 VR artefact screenshot 
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Artefact Limitations 

The scene does come with its set of limitations primarily due to the accessible 

infrastructure. While the G2 VR system has its positives, it only has 4 trackers located on the 

HMD and does not offer hand or full body tracking, hence the legs and finger movements are 

absent on the avatar. Legs all together at the moment are very tough to track in VR which has 

even been confirmed by the VP of Meta’s Reality Lab who also said that they are “basically 

not workable just from a physics standpoint with existing headsets” (Metz 2022). A study 

found no significant difference between hands only and full-body avatars concerning 

cognitive function (Pan & Steed 2019) which means it shouldn’t affect their sense of 

presence. The scene also doesn’t require the users to transport around in the scene, as 

everything needed for the proposed mirror therapy intervention is available at the wake 

similar to Ramachandran & Rogers-Ramachandran’s model that only used a mirror and 

cardboard box, with the patients seated.  

This design model was also influenced by the challenges that surfaced while setting 

up the robot rig. For starters, the emulating arm movement effect of the rig requires a 

mirroring point, which has been positioned directly in front of the rig pointing at the centre of 

the robot’s chest. This mirror point can unfortunately not be moved, meaning the rig has to 

remain at the same virtual location for the arm emulation to work. This also necessitates 

calibration before employing the artefact if there are any alterations to the physical setup of 

the HMD. The users would be required to sit in an immobile chair facing in the direction in 

which the HMD has been calibrated. This can arguably be even looked at as an advantage as 

no locomotion also means lesser chances for the arousal of any VR or motion sickness. 

Regarding limited access to the physical world, although it restricts patients to focus on their 

ailments, it also breaks any connection with the supervising therapists making it problematic 

for the user to remember and follow instructions. In its current state, the artefact rig has only 

been setup for people who would have suffered paralysis on the right side of the body, so the 

arm movements can only be controlled using the left controller. 
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Discussion/Future Direction 

With a rising number of stroke cases especially in young adults over the past decade, 

the realm of rehabilitation has been adamant on exploring innovative ways to tackle the 

effects of disability that arises post-stroke. This path to recovery is extensively long and 

strenuous. But by harnessing the principles of neuroplasticity, followed by physical 

rehabilitation functional motor recovery is achievable. However, physiotherapy when 

attainable, often sees patients abandon their sessions due to its monotonous nature. The 

spontaneous nature of recovery post-stroke has been recognized by neuro and physical 

rehabilitators and has been taken advantage of to assist stroke survivors with motor recovery. 

Neuroplasticity playing a major role in this road to recovery, has been seen being paired with 

various interventions reported by numerous studies to help regain cognitive motor 

functionality. This paper focused on one such intervention known as motor imagery and 

provided an artefact that utilizes virtual reality and mirror therapy to possibly promote 

neuroplasticity. Through the literature review and acknowledgment of the research gap, the 

given artefact presents fresh grounds for a possible future study to investigate the effects of 

visuomotor imagery on neuroplasticity. The use of functional MRI scans would be necessary 

to identify any amplified activation in the “new brain” region to confirm any rudimentary 

claims of neuroplasticity. An added gaming element could also prove to be impactful and 

lead to an increase in motivation and dosage (Lohse et al. 2013). However further 

investigation is needed to find the optimal time when the complexities of gaming tasks could 

be processed by a cortically impaired user.  

With a team including various therapists and VR developers, the number of 

limitations could be confronted with a more scientific approach along with making the 

necessary additions. The current VR ecosystem also needs upgrades to process better tracking 

and more importantly the addition of legs. A future attempt at this artefact could include full-

body motion functionality, especially with the likes of the Teslasuit. This suit provides full 

body haptics, and motion tracking and claims to even simulate real-life feelings and 

sensations. The suit, nevertheless, needs rigorous testing to ensure it can deliver the stated 

functionalities. It is also important to understand that this artefact should only be used under 

the supervision of professional physio and/or neuro therapists as neuroplasticity can have 

negative impacts (Cramer et al. 2011). The test subject in Levin et al. (1996), saw a 

dysfunction in the left parietal lobe due to competition between the newly acquired skillset 

and the existing skillset in the region, giving rise to the assumption that a similar occurrence 

is possible upon the usage of the proposed artefact. Furthermore, Motor imagery 



25 | P a g e  
 

accompanied by physiotherapy sessions could lead to superior motor recovery (Ruffino et al. 

2017) so physiotherapy subsequent to VR sessions could promote better recovery. The scene 

could also benefit from an additional therapist avatar in the scene or even a set of exercises 

prescribed by the therapists displayed in some form within the virtual environment for 

patients to refer to. Customizable avatars could also possibly assist the user in seeing or 

relating more of themselves to their virtual character for an added presence and fun element, 

along with a selection menu that could possibly let users or researchers select the arm they 

would be using. 

 

 

Final Thoughts 

To the best of my knowledge, this paper proposes a first-of-its-kind VR artefact incorporating 

mirror therapy to recover impaired motor functions through neuroplasticity. The artefact 

contains limitations that need to be addressed, but the artefact holds potential for clinical use 

after being studied. 
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Artefact Link: 

Gaurav Project Exegesis 

 

Assets: 

Dunes - Stamp Pack | 3D Landscapes | Unity Asset Store 

VR Interaction Framework | Systems | Unity Asset Store 

Skybox Series Free | 2D Sky | Unity Asset Store 

https://quixel.com/megascans/home?category=surface&search=rippled&search=sand&assetId=sjzkf

ega 

 

Sound: 

Wandering | Royalty-free Music - Pixabay 

 

  

https://uao365-my.sharepoint.com/:f:/g/personal/a1846352_adelaide_edu_au/Ev1vL8E_CChPjr76n7nNlA8Blz31euA_DzMSpJ2IWto6xw?e=RegeLM
https://assetstore.unity.com/packages/3d/environments/landscapes/dunes-stamp-pack-217571
https://assetstore.unity.com/packages/templates/systems/vr-interaction-framework-161066
https://assetstore.unity.com/packages/2d/textures-materials/sky/skybox-series-free-103633
https://quixel.com/megascans/home?category=surface&search=rippled&search=sand&assetId=sjzkfega
https://quixel.com/megascans/home?category=surface&search=rippled&search=sand&assetId=sjzkfega
https://pixabay.com/sound-effects/wandering-6394/
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