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Technology Trends & Neurorehabilitation
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Arm & Gait Therapy
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Gameified Interventions (Motor & Cognition)

Virtual Reality Technologies
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Non-invasive (Brain) Stimulation
(tDCS, TMS, Vagus Nerve…)

Service Robotics

2000 2035 +

AI – Technologies
- Large Language Models
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Clinical 
Applications

Technological 
Progress

Sensor-based Symptom Assessments (Motor, Cognition, Mood) 



Nef T et al. Medical & Biological Engineering & Computing, 2013
Klamroth-Marganska et al. Lancet Neurology, 2014

Jezernik S, Colombo G, et al., Neuromodulation, 2003



Fugl Mayer Assessment

RT : Robot-assisted  Therapy
CT : Conventional Therapy  
ADL: Activities of Daily Living

Standardized Mean Difference (SMD)

Conclusion
Robot-assisted therapy shows statistically 
significant improvements in motor function 
and muscle strength, but below the 
threshold of minimal clinically important 
change.
No adverse effects were found. 
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Immersive VR

Guidali M et al. Med Biol Eng Comput 2011; Klamroth-Marganska V et al. Lancet Neurol. 2014

Activities of daily
living training



Augmented Reality

Source: Strolll.co
Melvyn Roerdink, VU Amsterdam
Tim VanBellingen, University of Bern

Motor-Cognitive
Training



Fine Motor Function of the Hand

Krummenacher N et al. Sensors 2025

Finger Dexterity
Training



Silicone “Egg” with Sensors

N. Krummenacher et al. Sensors, 2025
N. Krummenacher et al. European Patent Office, 2024Clinical evaluation in PD, Stroke and MS

Fine Motor Function of the Hand



N. Krummenacher et al. Sensors, 2025 
N. Krummenacher et al. European Patent Office, 2024Clinical evaluation in PD, Stroke and MS
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Baseline After 5 hours
training / 3 weeks

9 Persons with
Parkinson‘s Disease

Mean Age (years): 67 (64-72)
Gender: 2 female, 7 male
Normal cognitive abilites

Fine Motor Function of the Hand
Silicone “Egg” with Sensors
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Virtual Reality 

18. Januar 2023, Bern Organisationseinheit A. Sokolov et al CHUV



• Main finding: VR probably improves arm and hand function slightly 
compared with conventional therapy. 

• When VR is used in addition to usual therapy — extending total therapy 
time — the effects on arm function tend to be larger. 

• Possible positive effects are also seen for balance and activities of daily 
living (ADL). However, data on gait speed, mobility, participation and 
quality of life are uncertain or inconsistent. 
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Virtual Reality 

18. Januar 2023, Bern Organisationseinheit A. Sokolov et al CHUV



Video-based Motion Tracking

Lugaresi, C et al. (2020). MediaPipe: A Framework for Building Perception Pipelines. arXiv preprint arXiv:1906.08172.

Real-time on computer & smartphone



Visual Attention

Visual Attention 
Training

Lugaresi, C et al. (2020). MediaPipe: A Framework for Building Perception Pipelines. arXiv preprint arXiv:1906.08172.
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Current Work in Bern
Digital Mirror Therapy

18 January 2023, Bern Organizational Unit

Digital Mirror Therapy, Neurorehabilitation Bern
(J. Baumann, J. Hoppe, S. Jung et al.)



Degree of Immersion LOWHIGH

Feasibility in the Home Environment

Patient Burden and Implementation EffortHIGH LOW

LOW HIGH

Comparison of Methods
Hand & Body Tracking 



Patients with Neglect
Immersive VR

Shin JH, et al. Front Neurosci. 2023



Patients with Neglect
Immersive VR / Spatial Audio

Kaufmann BC, Cazzoli D, Bartolomeo P, Frey J, Pflugshaupt T, Knobel SEJ, Nef T, Müri RM, Nyffeler T. Cortex. 2024



Spatial Hearing
Immersive VR / Spatial Audio

Kiki van der Heijden, Cortical mechanisms of spatial
hearing, Nature reviews neuroscience, 2019

Binaural difference cues: 

• Interaural time difference (low-frequency sounds)
• Interaural level difference (high-frequency sounds)



Spatial Hearing
Immersive VR / Spatial Audio

Kiki van der Heijden, Cortical mechanisms of spatial
hearing, Nature reviews neuroscience, 2019

Binaural difference cues: 

• Interaural time difference (low-frequency sounds)
• Interaural level difference (high-frequency sounds)

T. Nef, N. Geiser, B. C. Kaufmann, N. Krummenacher, N. E. 
Angelva, M. Single, D. Cazzoli & T. Nyffeler, JMIR, 2025 





Immersive VR / Spatial Audio

Neglect Radio App

Geiser N, Kaufmann BC, Cazzoli D, Nef T, Nyffeler T. Neuropsychol Rehabil. 2025

https://apps.apple.com/ch/app/negl
ect-radio/id6630364857

https://play.google.com/store/apps
/details?id=com.artorg.neglectRad
io&hl=en

https://apps.apple.com/ch/app/neglect-radio/id6630364857
https://apps.apple.com/ch/app/neglect-radio/id6630364857
https://apps.apple.com/ch/app/neglect-radio/id6630364857
https://apps.apple.com/ch/app/neglect-radio/id6630364857
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fplay.google.com%2Fstore%2Fapps%2Fdetails%3Fid%3Dcom.artorg.neglectRadio%26hl%3Den&data=05%7C02%7Ctobias.nef%40unibe.ch%7C77ee71440cc14176803908df13de4dda%7Cd400387a212f43eaac7f77aa12d7977e%7C1%7C0%7C639251517652254331%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=ocNIiQbYA9C1md6JwMuXyhPiH37Rr3T3Z7TjxZ0IrYE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fplay.google.com%2Fstore%2Fapps%2Fdetails%3Fid%3Dcom.artorg.neglectRadio%26hl%3Den&data=05%7C02%7Ctobias.nef%40unibe.ch%7C77ee71440cc14176803908df13de4dda%7Cd400387a212f43eaac7f77aa12d7977e%7C1%7C0%7C639251517652254331%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=ocNIiQbYA9C1md6JwMuXyhPiH37Rr3T3Z7TjxZ0IrYE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Fplay.google.com%2Fstore%2Fapps%2Fdetails%3Fid%3Dcom.artorg.neglectRadio%26hl%3Den&data=05%7C02%7Ctobias.nef%40unibe.ch%7C77ee71440cc14176803908df13de4dda%7Cd400387a212f43eaac7f77aa12d7977e%7C1%7C0%7C639251517652254331%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=ocNIiQbYA9C1md6JwMuXyhPiH37Rr3T3Z7TjxZ0IrYE%3D&reserved=0


Technology Trends & Neurorehabilitation

Therapy 
Robotics
Arm & Gait Therapy

Visio/Audio Stimulation
Gameified Interventions (Motor & Cognition)

Virtual Reality Technologies
- Virtual Reality
- Augmented Reality

Non-invasive (Brain) Stimulation
(tDCS, TMS, Vagus Nerve…)

Service Robotics

2000 2035 +

AI – Technologies
- Large Language Models
- Speech Recognition
- Image Processing

Clinical 
Applications

Technological 
Progress

Sensor-based Symptom Assessments (Motor, Cognition, Mood) 



Wearable Sensors Speech Recordings

Digital Biomarkers for Motor Function, Cognition and Mood

Ambient Sensors Computer-based Sensing

Schütz N et al. Nature Digital 
Medicine (npj), 2022

Outlook



Smartphone App to 
record speech 68 recordings from 22 

healthy participants

Accuracy 89.71% Accuracy 82.14%

28 recordings from 
7 PD patients
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Castelli M, Sousa M., Single M, Amstutz D, …, Krack P & Nef T, NPJ Parkinson’s Disease, 2025

Emotion and Mood Assessments

Describe
your day
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Thank you

Prof. Dr. Tobias Nef
ARTORG Center & University Hospital for Neurology

University of Bern
Murtenstrasse 50

3008 Bern

tobias.nef@unibe.ch
www.aging.unibe.ch; www.artorg.unibe.ch

mailto:tobias.nef@unibe.ch
http://www.aging.unibe.ch/
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