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Introduction

Virtual Reality (VR)/Augmented Reality (AR) is a simulation of a real world environment that is
generated through computer software and is experienced by the user through a human-machine interface
(Holden, 2005). The user has a sense of actual presence in, and control over, the simulated environment.
‘Sense of presence’ is a feeling of being in an environment even if one is not physically there, resulting in
behavior that is congruent with how the patient would respond if truly in that environment (Seistrup,
2004). VR/AR using various interfaces are showing significant impact in the healthcare system. The field
is highly interdisciplinary, bringing together signal processing, computer vision, computer graphics, user
interfaces, human factors, wearable computing, mobile computing, computer networks, displays, sensors,
to name just some of the most important influences. Positive research outcomes have been published
using various VR/AR systems and technologies. VR technology has almost endless possible uses in
medicine (Gupta et al., 2018); and the concepts and technologies have now been implemented into
physical rehabilitation for neurological, cardiopulmonary, fall prevention, orthopedics, and pain and
wound management, cognition, continence and dysphagia interventions.

Research indicates that patients enjoy performing virtual exercises and activities, therefore
motivating them to exercise harder and longer. As a result, virtual rehabilitation treatment outcomes can
equal or even exceed those achieved with traditional therapeutic exercise alone. Putting patients in a
virtual reality (VR) environment can increase engagement and motivation to exercise through visual and
auditory feedback. VR results in increased exercise intensity (e.g., longer duration, more repetitions)
(Rand et al., 2014). Patient neuroplasticity is enhanced from repetition and the research shows that
cortical reorganization occurs in response to task-oriented movements and activities (Holden, 2005). VR
exercise variety has the ability to allow for the breakdown of complex movements/tasks into components
to appropriately challenge the patient (Adamovich et al., 2009). Sufficient overload stimulation is required
to improve performance of the sensorimotor system. Research also confirms that VR-acquired skills
appear to transfer to real-life settings.

Some VR systems have preset and adjustable parameters to individualize the exercise to the
patient’s ability. The system’s ability to customize the exercise allows patients to be progressively
challenged while receiving frequent, positive feedback, setting them up for success. In addition, exercises
can be performed in both individual and multiple participant formats. Objective data establishes baseline
performance, supports individualized goal-setting, and can create a sense of competition within patients
themselves and/or with others. The combination of telemedicine and virtual reality may more optimally



serve and challenge elder adults both physically and cognitively over time in future lockdowns. There is a
need to provide long-term remote training and feedback (Meulenberg et al., 2020).
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Virtual Reality in Neurological Rehabilitation

In addition to patient engagement, motivation, and increase repetitions, there are also
physiological benefits and changes that are especially important to the neurological rehabilitation
population. Video game playing has been shown to increase dopamine levels. Dopamine is theorized to
play a role with learning and VR may stimulate increased production thereby helping with neuromuscular
reeducation (Koepp et al.,, 1998). Research shows that for stroke survivors, VR may decrease
contralesional sensorimotor activity and increase ipsilesional activity, thereby leading to improved
movement and function (You et al., 2005). Evidence exists that VR exercises induce cortical and subcortical
changes at a cellular and synaptic level resulting in new patterns of motor activity (Holden, 2005). VR has
the potential to improve balance and gait in patients across 6 neurologic conditions (Parkinson disease,
multiple sclerosis, acute and chronic post-stroke, traumatic brain injury, and cerebral palsy) and brings
additional benefits when combined with conventional rehabilitation, based on a review of ninety-seven
articles including sixty-eight that were published during or after 2013 (Cano Porras et al., 2018).

Stroke (CVA): In a systemic review with meta-analysis of thirty-eight articles, Karamians et al.
investigated the effectiveness of VR for UE stroke rehab using outcomes such as the Wolf Motor
Functioning Test, Fugl-Meyer, or Action Research Arm Test (Karamians et al., 2019). Overall, VR- or
gaming-based upper extremity rehabilitation post-stroke appears to be more effective than conventional
methods (Karamians et al., 2019). There are of course different types of strokes: ischemic, hemorrhagic,
as well as the location within the brain or brainstem. Kiper et al. concludes that reinforced feedback in
virtual environment (RFVE) treatment combined with conventional rehabilitation (CR) promotes better
outcomes for upper limb than the same amount of CR, regardless of stroke etiology (Kiper et al., 2018).
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An RCT compared standard therapy and standard therapy plus screen-based VR in the treatment of upper
extremity post-stroke where the VR trained subjects had statistically significantly greater Functional
Independence Scores (FIM) self-care scores (eating, grooming, bathing, dressing, and toileting) (Yavuzer
et al., 2008). A systematic review and meta-analysis of RCTs found that individuals who sustained a stroke
can achieve significant gains on Body Structure/Function and Activity level outcomes, including
improvements in cognitive function, through VR training (Aminov et al., 2018). Another RCT was used to
compare the effectiveness of VR combined with real instrument training and conventional occupational
therapy in the rehabilitation of subjects post-stroke (Oh et al.,, 2019). VR group showed greater
therapeutic effects in a time-dependent manner than the control group, especially on the motor power
of wrist extension, spasticity of elbow flexion and wrist extension, and Box and Block tests (Oh et al.,
2019). VR group, but not the control group, showed significant improvements from before to immediately
after training, on lateral, palmar and tip pinch power, Box and Block and 9-Hole Peg Test (Oh et al., 2019).
VR group experienced significantly greater improvements in tip pinch power immediately after training
and in elbow flexions spasticity 4 weeks after completion of training (Oh et al., 2019). Conclusion: VR with
real instrument training was effective at promoting recovery of patients' upper-extremity and cognitive
function (Oh et al., 2019). RCT compared conventional therapy and conventional therapy plus screen-
based VR designed to challenge balance, weight shifting, and stepping skills in lower extremity rehab in
subjects more than one year post-stroke (Kim et al., 2009). Compared to controls, VR trained subjects had
statistically significant greater Berg Balance Scale scores, gait speed, step and stride length, and Modified
Motor Assessment scores (Kim et al., 2009). A systematic review and meta-analysis concluded that VR
training for balance or gait is more effective than training without VR for improving balance and gait ability
in patients with stroke (De Rooij et al.,, 2016). Combining traditional rehab and virtual reality with
reinforced feedback (reinforced feedback virtual environment - RFVE) showed encouraging results
regarding reduction of spasticity and improvement of gait function (Luque-Moreno et al., 2019). Early
intervention seemed to be ideal in promoting increased change. Ankle spasticity frequently limits function
in patients post-stroke (Luque-Moreno et al., 2019).

Cycling: During cycle training with individuals following stroke, the unaffected limb tends to
compensate for the affected one, which resulted in suboptimal rehabilitation (Yin et al., 2016). To address
this issue, Yin et al. developed a lower limb Virtual Reality-Cycling Training System (VRCTS), which senses
the cycling force and speed in real-time, analyzes the acquired data to produce visual feedback to patients
consisting of a controllable VR car. This was used to specifically to train the affected side (Yin et al., 2016).
The patient can cycle faster and control the VR car’s direction with skills, then patients can finish more
rounds, and more scores (Yin et al., 2016). Also with the different speeds, the VR car can provide patients
with motivation to cycle faster and have better clinical effects (Yin et al., 2016). The Virtual Reality-Cycling
Training System in this study can improve the symmetry of the bilateral pedal force from the cycling
detection significantly, and the performance is better than the control group. In addition, the distribution
ARI of bilateral pedal force and force plate is improved significantly (Yin et al., 2016). The result also shows
that the VRCTS treatment translated to increase weight-bearing symmetry in static balance effectively
(Yin et al., 2016). Additional technologies commercially available also offer left vs right symmetry, as well
as biofeedback to decrease tone, increase motor control, strength, power and alternating work/rest
cycles.

Wheelchair mobility: A RCT compared standard therapy and standard therapy plus screen-based
VR for improving wheelchair mobility in patients with unilateral neglect found significant differences
(Webster et al., 2001). Compared to controls, VR trained subjects performed statistically significantly
better on a real-life wheelchair obstacle course (Webster et al., 2001).

Parkinson’s disease: A RCT consisting 12 weeks of VR rehabilitation resulted in a greater
improvement in the balance and gait of individuals with PD when compared to conventional physical
therapy (Feng et al., 2019). A systematic review consisting of sixteen articles involving 555 participants
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with PD, with the authors concluding that: VR rehabilitation training performed better than conventional
or traditional rehabilitation training in three aspects: step and stride length, balance function, and mobility
(Lei et al., 2019). VR improves a number of outcomes, and may be considered for routine use in
rehabilitation for patients with Parkinson’s disease (Triegaardt et al., 2019). Kinect-based training was safe
and feasible, and promoted improvement in activities (balance, gait), body function (cardiopulmonary
aptitude) and participation /quality of life (QoL) (Pompeu et al., 2014).

Spinal cord injury (SCI): A systematic review found that VR-based rehabilitation in subjects with
Spinal Cord injury may lead to positive effects on aerobic function, balance, pain level, and motor function
recovery besides improving psychological/motivational aspects (Lacerda de Aradjo et al., 2019)

Multiple diagnoses: VR interventions for balance neuro rehabilitation can foster meaningful
improvements across a variety of clinical populations (Goble, J et al., 2014). Recently, Hornby et al.,
released a Clinical Practice Guideline (CPG) including VR to improve locomotor function following Chronic
Stroke, Incomplete Spinal Cord Injury, and Brain Injury (Hornby et al., 2020).
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Virtual Reality in Cardiopulmonary Conditions

Reduction of exercise tolerance poses a huge health issue, often affecting patients with
respiratory conditions, which is caused by skeletal muscle dysfunction and weakness and by lung function
impairment (Condon et al., 2020). Virtual reality systems are emerging technologies that have drawn
scientists' attention to its potential benefit for rehabilitation (Condon et al. 2020). The use of VRS as an
intervention can provide options for rehabilitation, given their moderate effect for dyspnea and
equivalent to weak effect for mean and maximum peak HR and SpO, (Condon et al., 2020). Moderate
exercise using VR in COPD patients was shown to be safe, feasible, and enjoyed (Wardini et al., 2013).
Pulmonary rehab program supplemented with VR training is a beneficial intervention to improve physical
fitness in patients with COPD (Rutkowski et al., 2019). The 6-Minute Stationary Walk with VR (STVR-6)
proved reproducible and valid to evaluate the functional capacity of subjects with COPD and may be an
alternative to the 6MWT (Frade et al., 2019).

Virtual cardiac rehab (CR) improves mental and physical conditions of cardiac patients more
effectively than conventional Cardiovascular Rehab programs (Penn et al., 2018). In subjects with coronary
artery bypass grafts (CABG) the VR-trained subjects had superior clinical outcomes and achieved % target
heart rate (THR), and Decreased sessions needed to attain THR and O, uptake goals (Chuang et al., 2006).
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Virtual Reality using Spirometry Biofeedback

In addition to breathing exercises such being formed virtually for relaxation, or deep breathing,
breathing exercise can done with an airflow sensor to measure inspiratory and expiratory flow and volume
data. This data can be incorporated into software, for interaction based on patient’s performance.
Breathing exercises using spirometry virtual reality biofeedback maybe incorporated into pulmonary
rehabilitation for the following: dyspnea, abnormal breathing rhythm, pulmonary hyperventilation,
diminished vital capacity, reduced airway clearance, muscle weakness, speech dysfunction, impaired
phonation/voicing, dysphagia/swallowing difficulty, autonomic nervous system (ANS) dysregulation (e.g.
pain, Ul), decreased core stability, energy conservation training. Research shows: that there is a trend
towards more minutes with spirometry VR biofeedback vs. control device (Bingham et al., 2012).
Spirometry VR biofeedback group had significantly improved FVC, FEV1, and max voluntary ventilation
values vs. control group (Joo et al., 2015). Spirometry VR biofeedback is reliable for pulmonary function
assessment in individuals who are status-post stroke, and can be useful during rehabilitation to improve
pulmonary function (Joo et al., 2018). Inspiratory muscle training with spirometry VR biofeedback is
recommended over conventional training to improve diaphragm movement and pulmonary function in
people with thoracic restriction (Jang et al.,, 2019). Future opportunities also exist in combining VR
spirometry biofeedback with telemedicine for compliance and progression in those patients with
respiratory impairment to reduce recidivism and health care costs.
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Virtual Reality in Fall Prevention

Adults with sedentary lifestyles seem to face a higher risk of falling in their later years. Several
causes, such as impairment of strength, coordination, and cognitive function, influence worsening health
conditions, including balancing ability (Prasertsakul et al., 2018). A study found that VR based training can
help reduce the risk of falls by improving static and dynamic balance (Kaminska et al, 2018). After 30
minutes of VR exercise 3 times per week, significant improvements were noted for the 6-Minute Walk
Test (6MWT), Dynamic Gait Index (DGI), Tandem Stance Test (TST), and the Beck Depression Inventory
(BDI) (Kaminska et al, 2018). Visibly better results were seen for individuals under and over 80 years old
for the 6BMWT, TST, and BDI (Kamiriska et al, 2018). VR provides clinicians with a useful tool for improving
dynamic balance and balance confidence in older adults (Rendon et al., 2012). The application of VR has
a positive impact on the rehabilitation of the most predominant geriatric syndromes. The level of realism
of the virtual stimuli seems to have a crucial role in the training of cognitive abilities (Bevilacqua et al.,
2019). The systematic review by Bevilacqua et al (2019) also noted that future research needs to improve
study design (i.e. include larger samples, longitudinal designs, long term follow-ups, and different
outcome measures, including functional and quality of life indexes) to better evaluate the clinical impact
of VR technology on healthy old subjects and in neurological patients (Bevilacqua et al., 2019). A review
of the influence of VR on rehabilitation of balance in healthy elderly found that VR therapy was effective
for the rehab of postural balance (Oliviera et al., 2017). Oliveira et al. noted that the realism of the virtual
stimuli seemed to play an important role in the training of cognitive abilities (Oliviera et al, 2017). They
introduced virtual reality as a technique presenting cognitive, motor and cardiorespiratory demands
beneficial to the elderly and included 70 studies in the review (Oliviera et al, 2017). Further research using
larger samples and similar methodologies would be beneficial in supporting the findings of this review
(Oliviera et al, 2017). For older adults without neurological disorders, exergame-based training improved
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walking, and improvements were maintained at follow-up (Janhunen et al., 2021). Prasertsakul et al.
proposed that VR-based training relies on the effect of motor learning in long-term training though
different kinds of task training. In postural analysis, both VR and conventional exercise programs should
be emphasized, to improve the balance ability in healthy adults (Prasertsakul et al., 2018). A study by Yom
et al. demonstrated that virtual reality-based ankle exercise effectively improves the dynamic balance,
muscle tone, and gait ability of stroke patients (Yom et al., 2015).
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Virtual Reality in Orthopedics

A systematic review and meta-analysis of research regarding the effectiveness of VR in orthopedic
rehabilitation found: The evidence of VR effectiveness is promising in chronic neck pain and shoulder
impingement syndrome (Gumaa & Youssef, 2019). VR and exercises have similar effects in RA, knee
arthritis, ankle instability, and post-ACL reconstruction (Gumaa & Youssef, 2019). For fibromyalgia and
back pain, as well as after knee arthroplasty, the evidence of VR effectiveness compared with exercise is
absent or inconclusive (Gumaa & Youssef, 2019). VR-based games are potentially acceptable as
motivational rehabilitation tool for patients following knee surgery; a program with varied levels of
difficulty and consideration of the severity of the knee injury would best meet patients’ needs (Lee, 2016).
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Appropriate games on tablet devices may favor the management of low back pain, stimulating creative
energy, which promotes distraction from pain and reduces its perception on indexes (Zavarize et al.,
2016). Even after TKA, impaired proprioception are a risk factor for progression of gait limitations. A study
by Puurnajaf et al., showed that training with a VR system improves motor skills (gait, postural control
and direction shift) in TKR patients compared to traditional therapy (Pournajaf et al.,2017). The results
obtained with the gait analysis and the TUG test are encouraging and suggest further instrumental
investigations on the sit-to-stand and balance tasks (Pournajaf et al.,2017). A RCT on a larger sample is
currently in progress in order to confirm these preliminary results (Pournajaf et al., 2017).
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Virtual Reality in Pain and Wound Management

Non-pharmacological adjuncts like VR have become an increasingly important option for effective
pain management (Pourmand et al, 2018). The current epidemic of opioid misuse has increased a sense
of urgency for identifying effective non-opioid analgesia (Pourmand et al., 2018). VR can distract patients
from the actual therapy task thereby lessening exercise discomfort, fear, pain, and/or boredom. A
systematic review of VR studies used to provide distraction for pain reduction included subjects with
various causes of pain including burns, ischemic, thermal (experimental), post-surgical pain. The
researchers concluded that VR distraction may be a useful tool for clinicians who work with a variety of
pain problems (Malloy et al., 2010). Overall, head mounted display systems provided greater pain relief
than screen display systems. Some studies demonstrated no difference in pain relief between the two
systems (Malloy et al., 2010). VR is an effective pain reduction measure added to analgesics for burn
patients undergoing dressing changes or physical therapy. It significantly reduced pain intensity; time
spent thinking about pain, and unpleasantness, and was more fun compared with using analgesics alone
(Luo et al., 2018). Strong evidence exists for the use of VR as an effective treatment in reducing acute
pain. A Systematic review and analysis by Pourmand et al., included 28 articles reviewed here support the
hypothesis that virtual reality can distract patients to reduce pain and anxiety (Pourmand et al., 2018).
The evidence shows effective VR use for pain relief in both acute and chronic pain (Pourmand et al., 2018).
Strong evidence exists for the use of VR as an effective treatment in reducing acute pain. Promising results
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have been achieved for chronic pain, but further research is needed for long-term chronic pain reduction
(Mallari et al., 2019). VR may be particularly effective for phantom limb pain associated with distorted
phantom limb movement and body representations (e.g., clamping, gnawing), compared with typical
neuropathic sensations (e.g., shooting, burning, dysesthesia) (Osumi et al., 2019). Another small study
reported positive findings for using VR with individuals having Complex Regional Pain Syndrome (CRPS)
resulting in a 50% reduction in pre-treatment pain scores for 4 of 5 subjects, with the analgesic effect
lasting beyond therapy for 2 people (Pollard et al. 2013). Authors reported No treatment related side
effects for anyone (Pollard et al., 2013). The potential for increased compliance with fun activities as home
gaming becomes more accessible, and VR benefits of learning and neuroplasticity (Pollard et al., 2013).
Gupta et al report that In addition to distraction, there are novel mechanisms for VR treatment in pain,
such as producing neurophysiologic changes related to conditioning and exposure therapies (Gupta et al.,
2018). The ability to change behavior or provide new behavior strategies for patients suffering from
chronic pain can provide lasting benefits even when the VR device is removed (Gupta et al., 2018). VR may
have the ability to influence the opioid abuse crisis from multiple mechanisms (Gupta et al., 2018).
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Virtual Reality for Cognition

Long-term improvements in cognitive and psychological outcomes were achieved with
computerized or virtual reality cognitive training for individuals with mild cognitive impairment or
dementia (Coyle et al., 2015). Multiple studies have identified the value of using VR to assess cognitive
function. A Virtual Shopping Test (VST) was created to analyze the ability of subjects to buy 4 items in a
virtual shopping mall quickly and in a rational way. The VST was able to evaluate the ability of attention
and everyday memory in patients with brain damage (Okahashi et al., 2013). Virtual Reality Day-Out Task
(VR-DOT) is an effective tool for discriminating pre-dementia and mild Alzheimer’s type dementia from
healthy controls by detecting differences in terms of errors, omissions, and perseverations while
measuring ADL function (Tarnanas et al., 2013).
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Urinary Continence

A study found that a treatment program combining pelvic floor muscle (PFM) exercises and virtual
reality rehabilitation (VRR) is effective in reducing Ul and improving QOL for older women with mixed
urinary incontinence (MUI) (Elliott et al., 2015). Results: 91% compliance with class attendance; 92%
compliance with home exercises (Elliott et al., 2015). Frequency and quantity of urine leakage, patient-
reported symptoms and QOL significantly improved (mean improvement was 72.3%; more than half the
group reported >75% improvement). 91% of participants were satisfied with the PFM/VRR training and
would not seek additional treatment (Elliott et al., 2015).
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Virtual Reality for Dysphagia and Speech

Speech language pathologists (SLP) are currently using virtual Reality biofeedback to: promote
improved swallow mechanics, normalize muscle function and tone, increase muscle strength and
coordination, pain reduction, and a better quality of life. Biofeedback is used in neuromuscular training,
and is promising for swallowing training (Li et al., 2016). The inclusion of visual biofeedback can allow for
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the incorporation of strength training principles of overload, specificity, and progressive resistance, the
neuroplastic principles of intensity and salience, and the motor learning principles of an evolving challenge
and feedback (Galek et al., 2021). The virtual Dysphagia Systems combines sEMG a non-invasive method
of biofeedback with a virtual environment to engage patients in fun, interactive swallowing and speech
exercises. Objective data highlights progress for patients and therapists to see while also guiding
treatment plans. sSEMG is a record of muscle activity, measured in microvolts, obtained through electrodes
applied to the surface of the skin. Crary et al. (2004) studied dysphagia in patients following treatment
for head/neck cancer completed a systematic therapy program supplemented with surface
electromyographic (SEMG) biofeedback. A case study reported that surface electromyography with A “Bar
Graph” visualization with robust visual and auditory stimuli, was employed to entice patient engagement
and facilitate motivation (Bice & Galek, 2016). After five therapeutic sessions, the patient progressed from
holding solids in her mouth with decreased swallow initiation to independently consuming a regular diet
with full range of liquids with no oral retention and no verbal cues (Bice & Galek, 2016). In a subsequent
RCT, authors report that It appears that sEMG visual and clinician verbal feedback increases the swallow
effort ratio (SER), which may be a surrogate for intensity” (Galek et al., 2021). An increased SER may have
a positive effect on swallow intervention as intensity is known to influence outcomes of exercise and elicit
neuroplastic change (Galek et al., 2021). In another study, subjects with post-stroke dysphagia (n = 20)
were individually matched to 2 separate groups, a game-based biofeedback group (n = 10) or a control
group (n = 10), for age, gender, duration of dysphagia, and dysphagia grades (Li et al., 2016). Laryngeal
elevation training combined with game-based biofeedback augments the change in hyoid bone
displacement and FOIS scores, and increases the NG tube removal rate in patients with post-stroke
dysphagia (Li et al., 2016). sEMG biofeedback further enhances effortful swallow performance and is
considered an acceptable technique by patients (Archer et al., 2020). These findings support the potential
application of sSEMG biofeedback and the ES in dysphagia therapy in stroke, justifying further investigation
of patient outcomes (Archer et al., 2020).

A review of virtual reality technologies in the field of communication identified that although use
of VR in the field of speech-language pathology is in its infancy, “VR is an engaging means of delivering
immersive and interactive training to build functional skills that can be generalized to the real world”
(Bryant et al., 2019). One implication for rehab is that VR may be used to simulate natural environments
to practice and develop communication skills (Bryant et al., 2019). A RCT found that although vocabulary
related changes were seen in both groups, patients using the Rehabilitation Gaming System for chronic
aphasia improved language and communication whereas the traditional therapy group did not. (Grechuta
et al., 2019)
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Conclusion

Today the field of VR/AR has moved beyond entertainment or fitness systems. It is now being
designed specifically for the use of geriatric populations and physical rehabilitation. VR results in increased
volume of exercise and a substantially greater number of therapeutic repetitions whereas traditional
therapy may be limited by tasks found to be boring or arduous. VR devices have features that benefit
lower functioning patients, those with cognitive deficits, difficulty standing, endurance and
cardiopulmonary deficits, hemiparesis, dysphagia, visual, and other neurological disorders. VR technology
designed specifically with patient population in mind has made significant impact than simply leveraging
off-the-shelf gaming technology and adapting it for rehab/medical interventions. The body of research is
quite extensive with various degrees of size and quality, but overwhelmingly positive in the outcomes
when using AR/VR when compared to traditional interventions alone. This past decade, the field of AR/VR
has moved from research to commercial implementation into physical therapy, occupational therapy, and
Speech language pathology practice across all settings to improve patient engagement, motivation, and
intensity of exercise to individualize patient treatment and improve functional outcomes.
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