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What is virtual reality based rehabilitation?

• Immersive virtual reality (VR): complete immersion in a 
simulated experience that can be similar to or completely 
different from the real world

www.realite-virtuelle.com/

zelda-vr-images-details/

www.fun-simulations.fr

VR technology in rehabilitation

• Augmented reality (AR): adds digital 

elements to a live (real) view

https://www.fi.edu/difference-between-ar-vr-

and-mr

• Mixed reality (MR): 

combines elements of 

both immersive VR and 

AR, use head mounted 

display

https://www.tom.travel/2020/02/21/quest-ce-que-la-realite-mixte/

• 2D screen-based 

digital environment



All of these set-ups can be used in VR based rehabilitation

Non immersive VR 

2D environment displayed on a 

screen, hand controllers, trackers 

on limbs   

Computer Assisted Rehabilitation 
Environment (CAREN) 

Laboratory, Bethesda USA

Cogniplus
www.schuhfried.com/cogniplus/

trainings/

Immersive VR

3D environment, head mounted 

display, hand controllers, trackers 

on limbs                 

Tyromotion
www.tyromotion.com

DIEGO Arm robot therapy

Brandin-De la Cruz et al., Rev 
Neurol., 2020

San Jorge University, Spain

What is virtual reality based rehabilitation?

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjctMOQucjZAhXCzqQKHQavBRsQjRx6BAgAEAY&url=https://www.youtube.com/watch?v%3DsPA4rf4xvCU&psig=AOvVaw16BwgeIdKoxWjTFgABySoQ&ust=1519901643645981
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwivhdKFucjZAhUGKewKHSKhDYUQjRx6BAgAEAY&url=http://shawsafe.com.au/ability-optimisation-training/&psig=AOvVaw16BwgeIdKoxWjTFgABySoQ&ust=1519901643645981
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Cognitive deficits

Motor deficits



Virtual reality and motor rehabilitation

Rodriguez, J. et al. MDPI, 2020

Smart Glove
www. neofect.com

MindMotion Go
www.mindmaze.ch 

With VR: 

increase frequency 

and intensity



Virtual reality and motor rehabilitation

Rodriguez, J. et al. MDPI, 2020

Smart Glove
www. neofect.com

MindMotion Go
www.mindmaze.ch 

With VR: 

increase frequency 

and intensity

quality of movements

Bitensky et al., Stroke engine, 2010

Functional electrical stimulation



Virtual reality and motor rehabilitation

C-Mill virtual reality treadmill
https://agapephysicaltherapy.com/services/c-mill-

virtual-reality-treadmill

https://www.physiotherapyglobal.org/blogs/vr-virtual-reality-in-
physical-therapy-rehabilitation-with-a-restorative-approach-

by-prakash-pandey/



Gamification of gait training

Kern et al. IEEE Conference on Virtual Reality and 3D User Interfaces (VR). 2019

Virtual reality and motor rehabilitation



Virtual reality and motor rehabilitation
Scores on the User Experience Questionnaire 

in the Non-VR and VR groups 

Kern et al. IEEE Conference on Virtual Reality and 3D User Interfaces (VR). 2019

With VR: increase 

motivation and 

attractiveness of 

the therapy



Standard cognitive rehabilitation of visual neglect deficits

Virtual reality and cognitive rehabilitation



Virtual reality and cognitive rehabilitation

New VR-based rehabilitation of visual neglect deficits
Our pilot study



Virtual reality and cognitive rehabilitation

New VR-based rehabilitation of visual neglect deficits
Our pilot study



Is VR a useful therapeutic tool?

Is VR-based rehabilitation effective?
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Figure 1. Study flow diagram.

10Virtual reality for stroke rehabilitation (Review)

Copyright © 2015 The Cochrane Collaboration. Published by John W iley & Sons, Ltd.

Laver et al., 2015

Figure 1. Study flow diagram

11Virtual reality for stroke rehabilitation (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John W iley & Sons, Ltd.

Laver et al., 2017

Is virtual reality effective for (stroke) neurorehabilitation? 

Cochrane Databaseof SystematicReviews

Virtual reality for stroke rehabilitation (Review)

Laver KE, Lange B, George S, Deutsch JE, Saposnik G, Crotty M

Laver KE, Lange B, George S, Deutsch JE, Saposnik G, Crotty M.

Virtual reality for stroke rehabilitation.

CochraneDatabaseof SystematicReviews 2017, Issue 11. Art. No.: CD008349.

DOI: 10.1002/14651858.CD008349.pub4.

www.cochranelibrary.com

Virtual reality for stroke rehabilitat ion (Review)

Copyright © 2017The CochraneCollaboration. Published by John Wiley & Sons, Ltd.

Number of studies increased 

of more than 50%

Upper limb function 

and activity



Laver et al., 2017

Is virtual reality effective for (stroke) neurorehabilitation? 

VR therapy versus 

Conventional therapy

VR only versus OT only



Is virtual reality effective for (stroke) neurorehabilitation? 

“….virtual reality and interactive 

video gaming was more beneficial 

on the Fugl Meyer score than 

conventional therapy approaches in 

improving upper limb function…”

Effect on the Fugl Meyer 

UE scale

VR only versus OT only



Is virtual reality effective for (stroke) neurorehabilitation? 

Increase dosage thanks to 

VR interventions

“Virtual reality may be 

beneficial …. when used as 

an adjunct to usual care 

(to increase overall therapy 

time).”

OT+VR versus OT only



Is virtual reality effective for (stroke) neurorehabilitation? 

Specialized VR system 

versus “off the shelf” system



Is virtual reality effective for (stroke) neurorehabilitation? 

Yes!   But:

- effects not always captured (e.g. Fugl Meyer but not composite score)

- when used in addition to standard of care, to increase intensity

- when specific VR programs are used (not “off-the-shelf” program)
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Current management of stroke patients 

How to integrate VR-based treatment into standard of care?

Acute-Subacute 

care

Some rehab

Up to 3 h/day?

Rehab clinic

”Intense rehab” 

> 4 h/day

Stroke Unit

~ No rehab

Home

~ Some rehab

Where should VR therapy be added?



SMART-2 trial

Krakauer et al.,  Neurorehabilitation and Neural Repair, 2021

Early post-acute patients (< 6 weeks) - N=24

Groups: VR + OT versus OT + OT

2 hours/day (2x1hour), 5 days/week

3 weeks (30 sessions)

MindPod Dolphin (MindMaze SA) and 
Armeo power (Hocoma AG)

Finding 1:
All outcomes: Improvement

VR+OT group = OT+OT group

How to integrate VR-based treatment into standard of care?

Early post acute - In clinic

Upper limb motricity

Finding 2:
Improvement 

VR+OT and OT+OT groups
>

Usual OT care group (retrospective)

ARAT kit 

(action research 

arm test)

SMARTS2 19.0 days post-stroke
IQR 12.0, 33.0

Usual care 14.0 days post-stroke 
IQR 12.5, 35.5



The Queen Square Trial  

Chronic patients ( > 6 months) - N=224 (no control group)

6 hours/day, 5 days/week, 3 weeks (90 sessions)

Motor tasks: passive or active, assisted or unassisted (robot), 
functional or nonfunctional  (PT + OT)

Ward et al., JNNP, 2019

How to integrate VR-based treatment into standard of care?

Chronic – In clinic (ambulatory)

Finding 1:
Improvement between scores 
at admission and discharge

Finding 2:
Improvement continued 

after discharge 



Cramer et al., JAMAN, 2019

Chronic patients (4-36 weeks post-stroke) - N=124

70 min/day (~1 session/day), 6-8 weeks

36 sessions (18 supervised, 18 unsupervised)

Groups: Home versus In-clinic

Home telerehabilitation vs In-clinic 

Finding 1:
Significant improvement for both groups

How to integrate VR-based treatment into standard of care?

Chronic

Finding 2
Similar improvement for both groups



How to integrate VR-based treatment into standard of care?

VR in addition to standard therapy
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Conclusion, added value of VR-based rehabilitation 

Increase dose therapy 

(intensity, frequency and/or duration of session)

Lang et al., Arch Phys Med Rehabil., 2009 

Standard motor rehabilitation (OT): upper limb training 30 repetitions/session

Non-human primates: upper limb training 600 repetitions/session
Nudo et al., Science, 1996



Conclusion, added value of VR-based rehabilitation? 

• Increase dose

• Increase motivation, attractiveness of the training

• 3D and 360° countless new and well controlled environments 

• Real-time feedback and monitoring (remote)

• Lower cost for additional VR-based sessions (?)

Easily included in machine 

learning analyses 

(e.g. prediction of responders)

• Digital output from sensors

• Ease of eye tracking measures



Effective therapy  high intensity

Conclusion

VR in neurorehabilitation

VR based therapy  can provide additional therapy sessions

 done in addition to standard of care, not to replace it

 in subacute and chronic stages

 in clinic or at home


