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Perception of being 
physically present

Elements of VR that 
increase immersiveness

• Simulated 3D environment 
using computer technology

• Continuity of surroundings
• Compliant with human vision
• Freedom of movement
• Physical interaction
• Physical feedback



Hardware

• Immersive head-
mounted devices 

• 3D-enabled glasses

• Auditory inputs
• Noise-cancelling 
• Head/body tracking

• Data gloves / joysticks



Clinical 
applications 

Pain

Rehabilitation

Mood/stress management

PTSD/phobias

Palliative care

Patient education 

Clinical/surgical training



Short-term Distractive 
effects

Advanced form of imagery in 
inducing experiences and 
emotions

Short-term diversion of 
attention away from pain → 
alternative stimulus

Temporary alterations in 
excitability of neurons in pain 
modulatory brain regions

Austin PD. The Analgesic Effects of Virtual Reality for People with Chronic 
Pain: A Scoping Review. Pain Med. 2022 Jan 3;23(1):105-121



Long-term neuroplastic effects

↑ repeated stimulation of neurons  in 
the CNS
• Sprouting – new axon and dendrite 

extension

• Rerouting – new connections – made 
between active neurons 

• Long-term potentiation – strengthening 
of synaptic activity  (pain inhibitory 
pathways)

• Long-term depression – weakening of 
synaptic activity  (pain facilitatory 
pathways)

Cheung K, Tunik E, Adamovich S, Boyd L. Virtual Reality for Physical and Motor Rehabilitation. 2. New York: Springer Sciences; 2014:14–6

The brain's ability to reorganize  and 
adapt by forming new neural 
connections over time



15 minute VR exposure session (N=40)

P<.001

P-.05

P-.004



Neuropathic pain – at and below level of lesion 









Simulated VR motor 
patterns for rehabilitation Type of rehab

Coordinated arm and shoulder 
movement

Coordinated thumb and index 
finger movement

Coordinated wrist and arm 
movement

Isolated finger movement

Hand opening

Bimanual operations 

Body balance

Motor

Impairments

Orthopaedic 

Stroke

Spinal cord injury

Traumatic brain 
injury



Coordinated arm, wrist 
and leg movements

Tokgöz P, Stampa S, Wähnert D, Vordemvenne T, Dockweiler C. Virtual Reality 
in the Rehabilitation of Patients with Injuries and Diseases of Upper Extremities. 
Healthcare (Basel). 2022 Jun 16;10(6):1124

Feng H, Li C, Liu J, Wang L, Ma J, Li G, Gan L, Shang X, Wu Z. Virtual Reality 
Rehabilitation Versus Conventional Physical Therapy for Improving Balance and 
Gait in Parkinson's Disease Patients: A Randomized Controlled Trial. Med Sci 
Monit. 2019 Jun 5;25:4186-4192



Coordinated wrist and hand 
movement

Pinching / Squeezing Twisting / Supination



OT VR innovations

Hwang NK, Shim SH. Use of Virtual Reality Technology to Support the Home 
Modification Process: A Scoping Review. Int J Environ Res Public Health. 
2021 Oct 21;18(21):11096

Atwal A, Money A, Harvey M Occupational Therapists’ Views on Using a Virtual 
Reality Interior Design Application Within the Pre-Discharge Home Visit 
Process J Med Internet Res 2014;16(12):e283



Long-term gain in 
analgesia and 
motor control
• 12 months training

• using zero G treadmill, VR 
walking, Exoskeleton

• Improvements below lesion 
• Crude/fine touch
• Proprioception
• Voluntary motor control 

• 50% participants upgraded 
from complete to incomplete 
paraplegia

Donati AR, et al. Long-Term Training with a Brain-Machine Interface-Based Gait Protocol Induces Partial Neurological 
Recovery in Paraplegic Patients. Sci Rep. 2016 Aug 11;6:30383



The future: (HCI)
“The avatar will see you 
now”

• VR  
• Full immersion, multi-sensory experience

• Artificial intelligence (AI) 
• Personalisation of VR experience

• Creation of own visual/audio 
environments (e.g., beach, forest, 
childhood home) 

• AI Chatbots
• Provides real-time, intellectual 

communication between system and user
• Emotional support in specialised care 

settings (Palliative services) 

Pauw, L. S., et al. (2022). "The avatar will see you now: Support from a virtual human 
provides socio-emotional benefits." Computers in Human Behavior 136: 107368.
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