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Overview

• How many realities?
• Computational 

science?
• Key grand challenges of 

computational medical 
XR?

• Our approach towards 
these challenges

• Ethics & Privacy?



My background….



How many Realities? MR = AR + VR + AV+ CR+ IR+ HR+ SR…

AR-VR: Papagiannakis, G., Schertenleib, S., O'Kennedy, B., Poizat, M., Magnenat-Thalmann, N., Stoddart, A., Thalmann, D., 2005. Mixing Virtual and Real
scenes in the site of ancient Pompeii. Computer Animation and Virtual Worlds, John Wiley and Sons Ltd 16, 1, 11–24.
Cross-Reality (CR): Davies, C.J., Miller, A., and Allison, C. 2012. Virtual Time Windows: Applying cross reality to cultural heritage. Proceedings of the
Postgraduate Conference on the Convergence of Networking and Telecomunications, ISBN: 978-1-902560-26-7.
Hybrid-Reality (HR): Reda, K., Febretti, A., Knoll, A., et al. 2013. Visualizing Large, Heterogeneous Data in Hybrid-Reality Environments. Computer Graphics
and Applications, IEEE 33, 4, 38–48.
Indirect Reality (IR): Wither, J., Tsai, Y.-T., and Azuma, R. 2011. Indirect augmented reality. Computers & Graphics 35, 4, 810–822.
Substitutional Reality (SR): K. Suzuki, S. Wakisaka, and N. Fujii, “Substitutional Reality System: A Novel Experimental Platform for Experiencing Alternative
Reality,” Sci. Rep., vol. 2, pp. 1–9, Jun. 2012.
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‘X’ Reality – Virtuality Continuum  

Real Environment Virtual Environment

‘X’ Reality (XR) Continuum 
(X = A,V, M for AR, VR, MR…)

Mobile AR

Holographic AR 
(untethered) Mobile VR

Desktop VRHolographic AR 
(tethered)

Ioannides, M., Magnenat-Thalmann, N., Papagiannakis, G., (Eds), Mixed Reality and Gamification for Cultural Heritage, Springer-Nature, 
DOI: 10.1007/978-3-319-49607-8, 2017 



‘X’ Reality (XR) Continuum 
(X = A,V, M for AR, VR, MR…)

Ioannides, M., Magnenat-Thalmann, N., Papagiannakis, G., (Eds), Mixed Reality and Gamification for Cultural Heritage, Springer-Nature, 
DOI: 10.1007/978-3-319-49607-8, 2017 



Source: Accenture Consulting. WAKING UP TO A NEW REALITY | Accenture. 2019.



Science, Computational Science and 
Computer Science?

D. E. Stevenson. 1994. Science, computational science, and computer 
science: at a crossroads. Commun. ACM 37, 12 (Dec. 1994), 85–96. 
DOI:https://doi.org/10.1145/198366.198386

Why Computational Science?

An interdisciplinary field 
(physical sciences, engineering, 
mathematics, computer 
science) whose time has come –
again:
• Addressing complex problems 

that have important implications 
to humankind, 

• Unlikely to succeed in near term 
without further advances in 
software and hardware

• Computer science is generally 
not participating in science or 
engineering applications or 
preparing students to do so





https://www.mauritshuis.nl/en/press/persarchief/2019/rembrandt-reality/



Computational science + XR experiential 
technologies for medicine?



Computational medical XR is a new 
interdisciplinary field, bridging life sciences, with 
mathematics, engineering and computer 
science.
It unifies computational science (scientific 
computing) with intelligent extended reality and 
spatial computing for the medical field.

https://george-papagiannakis.medium.com/a-new-xr-computational-medicine-discipline-9a48ae1550c

It extends significantly clinical XR by 
• bringing on 

computer simulation and other 
forms of computation

• from numerical analysis, 
computational geometry, 
computational vision and 
computer graphics with 
theoretical computer science and 
machine learning, in order to 
solve hard problems in medicine

https://george-papagiannakis.medium.com/a-new-xr-computational-medicine-discipline-9a48ae1550c
https://cns.unt.edu/clinical-xr


Why Computational XR 
medicine?

• Medical schools, dental schools, 
nursing academies, medical device 
companies, hospitals and surgical 
training centers are now leading in-
house the “VRification” of their 
curricula, 

• hence driving themselves further 
the adoption and customization of 
their medical VR simulations. 

• Through the ability to control and 
develop their own XR training
material, they can ensure their 
medical professionals are properly
and (continuously) trained

• while ensuring optimal patient 
outcomes and fewer medical
errors/complications. 

Papagiannakis, G., “A computational medical XR discipline”, https://arxiv.org/abs/2108.04136

https://arxiv.org/abs/2108.04136


Source: STRIVR webinar: http://www.virtualrealityrental.co/blog-post/applications-of-virtual-reality
Webinar - STRIVR - Virtual Reality for Employee Training



Source: STRIVR webinar: http://www.virtualrealityrental.co/blog-post/applications-of-virtual-reality
Webinar - STRIVR - Virtual Reality for Employee Training



Source: Kolb DA. Experiential learning. Englewood Cliffs (NJ): Prentice Hall; 1984



Source: Gallagher AG, Ritter EM, Champion H, Higgins G. Virtual reality simulation for the operating room: proficiency-based training as a 
paradigm shift in surgical skills training. Annals of Surgery. 2005. doi:10.1097/01.sla.0000151982.85062.80.



CLIFFORD, W.K. 1878. Applications of Grassmann’s extensive algebra. American Journal of Mathematics 1, 4, 350–358.



Source: Johnson-Glenberg MC. Immersive VR and Education: Embodied Design Principles That Include Gesture and Hand Controls. Front Robot AI. 2018;5:27. 
doi:10.3389/frobt.2018.00081.



which are the key grand challenges for 
medical VR training?

Source: Accenture Consulting. WAKING UP TO A NEW REALITY | Accenture. 2019.



Dr. Walter Greenleaf, 
Stanford Health Care & Virtual Human Interaction Lab





Real clinical validation
published clinical trials in 

high-impact scientific 
journals

SDK platform tools
Unity & Unreal?

Networked collaboration
5G Edge computing technology 

for unlimited, networked 
collaboration across all XR, 

desktop/mobile devices 

Grand challenges in computational medical XR

Low-code authoring
days instead of 6-8 months 
for a high-fidelity medical 

VR learning module

Development cost
decrease in VR dev hours,
code complexity and size

Optimize cut-tear-drill
develop more VR content, 

deploy it faster with cutting-
edge features



Challenge: clinical trial validation on psychomotor surgical 
skills

Title: 
Virtual Reality Facilitates Training in the 
Performance of Total Hip Arthroplasty: A 
Randomized Controlled Trial, 
The Journal of Arthroplasty, 2019, ISSN 0883-5403, https://doi.org/10.1016/j.arth.2019.04.002, 

Results: 
The VR cohort demonstrated greater improvement in all 
score categories (procedural steps, technical 
performance, visuospatial skills, efficiency, and flow) 
compared to the standard group
• Measured 8% improvement in all categories above 

right just after 2 VR trials
• Future trial: after 20 VR trials what will be the 

measured improvement?
https://www.sciencedirect.com/science/article/pii/S0883540319303341

https://doi.org/10.1016/j.arth.2019.04.002
https://www.sciencedirect.com/science/article/pii/S0883540319303341


Challenge: clinical trial validation on cognitive skills and 
physical training for Mild Cognitive Impairment
Title: 
Α Virtual Reality App for Physical and Cognitive Training 
of Older People With Mild Cognitive Impairment: Mixed 
Methods Feasibility Study
https://games.jmir.org/2021/1/e24170/

Results: 
1. VRADA is an acceptable, usable, and tolerable system 

for physical and cognitive training of older people with 
MCI

2. Participants showed a significant preference for the VR 
condition (students: mean 0.66, SD 0.41, t29=8.74, 
P<.001; patients with MCI: mean 0.72, SD 0.51, 
t26=7.36, P<.001),

3. as well as high acceptance scores for intended future 
use, attitude toward VR training, and enjoyment.

4. System usability scale scores (82.66 for the students 
and 77.96 for the older group) were well above the 
acceptability threshold (75/100)

https://games.jmir.org/2021/1/e24170/


Challenge: clinical trial validation on cognitive skills 
and memory retention
Title: 
Effectiveness and utility of virtual reality 
simulation as educational tool for safe 
performance of COVID-19 diagnostics: a 
prospective, randomized pilot trial
JMIR, (accepted)

Results: 
1. the short- and long-term effectiveness of a novel virtual 

reality simulation vs. traditional learning methods (e-
learning) regarding proper hand hygiene and PPE proficiency 
and correct acquisition of a nasopharyngeal specimen for 
covid-19 testing

2. the correlation of performance of nasopharyngeal swab 
taking in virtual reality (test mode) and real life (manikin)

3. a statistically significant improvement on sensorimotor 
performance of the trainees of the VR group: 16% and 
higher satisfaction in the VR group



Challenge:
cut, tear, drill on deformable soft-bodies in VR 

Kamarianakis, M., Lydatakis, N., Protopsaltis, A., Petropoulos, J., Tamiolakis, M., Zikas, P., Papagiannakis, G., “"Deep Cut": An all-in-one 
Geometric Algorithm for Unconstrained Cut, Tear and Drill of Soft-bodies in Mobile VR”, arXiv:2108.05281 [cs.GR]

https://arxiv.org/abs/2108.05281


ORamaVR networking layer

Clients

User 1
Host

•••

Server

• Tethered/Untethered VR HMDs
• Remote Collaboration
• GA interpolation to broadcast less data
• h/w independence

• Synchronize Operation Steps
• Handle Events
• Broadcast messages to clients
• Handles Authorities 

(Tools/assets)
• Animation Synchronization

• Position/Rotation of 
shared VR assets

• Trigger events
• VR Avatars
• Changes in Authorities 
• Operation steps

Server receives
Server broadcasts to all clients

Geometric 
Algebra

Interpolation

• Online Matchmaking
• Networking API

MAGES SDK
Geometric Algebra

Interpolation

Event 
Handling

Network 
Controller

User N

MAGES SDK
Geometric Algebra

Interpolation

Event 
Handling

Network 
Controller

Photon’s Relay Server

Challenge: Low-latency, collaborative, networked shared medical 
environments

Kamarianakis, M., Lydatakis, N., Papagiannakis, G., “Never ‘Drop the Ball’ in the Operating Room: An efficient hand-based VR HMD controller 
interpolation algorithm, for collaborative, networked virtual environments”, ENGAGE workshop, Computer Graphics International 2021 



Challenge: Low-latency, collaborative, networked shared 
medical environments II

1. GA Interpolation engine
2. Build-in Co-op support
3. Reducing network traffic up to 58%
4. 16% performance boost
5. Efficient and smooth transformations

Summary of the metrics of our methods (Ours) versus the state-of-the-art methods (SoA).

Kamarianakis, M., Lydatakis, N., Papagiannakis, G., “Never ‘Drop the Ball’ in the Operating Room: An efficient hand-based VR HMD 
controller interpolation algorithm, for collaborative, networked virtual environments”, ENGAGE workshop, Computer Graphics 
International 2021



Challenge: Low-latency, collaborative, networked shared 
medical environments III

Kamarianakis, M., Lydatakis, N., Papagiannakis, G., “Never ‘Drop the Ball’ in the Operating Room: An efficient hand-based VR HMD 
controller interpolation algorithm, for collaborative, networked virtual environments”, ENGAGE workshop, Computer Graphics 
International 2021



Challenge: VR s/w design patterns for rapid 
prototyping?

P. Zikas, G. Papagiannakis, N. Lydatakis, S. Kateros, S. Ntoa, I. Adami, and C. Stephanidis, “Immersive visual scripting based on VR 
software design patterns for experiential training.,” Visual Computer Journal, 2020



Challenge: Analytics engine with cloud-
based user assessment

• Tracking psychomotor & cognitive skills
• Cloud-based user assessment
• Realtime error tracking
• User report in VR application

Adaptive difficulty levels

ORamaVR, Analytics Engine, 2021, https://docs.oramavr.com/en/latest/index.html

https://docs.oramavr.com/en/latest/index.html


George Papagiannakis, Paul Zikas, Nick Lydatakis, Steve Kateros, Mike Kentros, Efstratios Geronikolakis, Manos Kamarianakis, Ioanna Kartsonaki, and Giannis Evangelou. 2020. 
MAGES 3.0: Tying the knot of medical VR. In ACM SIGGRAPH 2020 Immersive Pavilion (SIGGRAPH '20). Association for Computing Machinery, New York, NY, USA, Article 6, 1–2. 
DOI:https://doi.org/10.1145/3388536.3407888, 2020

Challenge: Low-code authoring for medical XR ?

https://doi.org/10.1145/3388536.3407888


Zikas, P., Kamarianakis, M., Kartsonaki, I., Lydatakis, N., Kateros, S., Kentros, M., Geronikolakis, E., Evangelou, G., Catilo, P.A., 
Papagiannakis, G., "Covid-19 VR Strikes Back: Innovative medical VR training", In ACM SIGGRAPH 2021 Immersive Pavilion 
(SIGGRAPH '21), Association for Computing Machinery, New York, NY, USA, 2021

Challenge: rapid prototyping for medical XR ?



Source: Accenture Consulting. WAKING UP TO A NEW REALITY | Accenture. 2019.



Ethics & privacy?

• Self biometric data
• Consciousness hacking
• Surveillance 

capitalism? (third party 
doctrine)

• Digital divide?



• Accelerate skills 
acquisition through the 
use of recent experiential 
XR technology innovations 
is possible

• Educators and trainers
need to drive adoption of 
experiential technologies 
in their curricula via 
Computational medical XR

• Presence in not enough, 
embodiment and 
agency/manipulation are 
key enabling learning 
factors

Conclusions



Thank you!
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