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▪ Videos

• Microsoft research Stroke rehabilitation using the Kinect [Video]. YouTube. https://www.youtube.com/watch?v=zbhVC-
UizNY. Published August 4, 2016. Accessed November 16, 2024.

• Microsoft research Stroke recovery gets a boost from Kinect [Video]. YouTube. https://www.youtube.com/watch?v=zbhVC-
UizNY. Published August 4, 2016. Accessed November 16, 2024.

▪ Research articles

• Bonnechère B, Sholukha V, Omelina L, Van Sint Jan S, Jansen B. 3D Analysis of Upper Limbs Motion during Rehabilitation 
Exercises Using the KinectTM Sensor: Development, Laboratory Validation and Clinical Application. Sensors. 2018;18(7):2216. 
doi:10.3390/s18072216

• González-Ortega D, Díaz-Pernas FJ, Martínez-Zarzuela M, Antón-Rodríguez M. A Kinect-based system for cognitive 
rehabilitation exercises monitoring. Computer Methods and Programs in Biomedicine. 2014;113(2):620-631. 
doi:10.1016/j.cmpb.2013.10.014

• Kannus P, Parkkari J, Niemi S, Palvanen M. Fall-Induced Deaths Among Elderly People. Am J Public Health. 2005;95(3):422-
424. doi:10.2105/AJPH.2004.047779

• Liu XT, Nikkhoo M, Wang L, et al. Feasibility of a kinect-based system in assessing physical function of the elderly for home-
based care. BMC Geriatr. 2023;23(1):495. doi:10.1186/s12877-023-04179-4

• Latorre J, Colomer C, Alcañiz M, Llorens R. Gait analysis with the Kinect v2: normative study with healthy individuals and 
comprehensive study of its sensitivity, validity, and reliability in individuals with stroke. J NeuroEngineering Rehabil. 
2019;16(1):97. doi:10.1186/s12984-019-0568-y

• Kitsunezaki N, Adachi E, Masuda T, Mizusawa J. KINECT applications for the physical rehabilitation. In: 2013 IEEE 
International Symposium on Medical Measurements and Applications (MeMeA). IEEE; 2013:294-299. 
doi:10.1109/MeMeA.2013.6549755

• Pedraza-Hueso M, Martín-Calzón S, Díaz-Pernas FJ, Martínez-Zarzuela M. Rehabilitation Using Kinect-based Games and 
Virtual Reality. Procedia Computer Science. 2015;75:161-168. doi:10.1016/j.procs.2015.12.233

• Webster D, Celik O. Systematic review of Kinect applications in elderly care and stroke rehabilitation. J NeuroEngineering
Rehabil. 2014;11(1):108. doi:10.1186/1743-0003-11-108
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▪ Books

• Schouten B, Fedtke S, Bekker T, Schijven M, Gekker A, eds. Games for Health. Springer Fachmedien Wiesbaden; 2013. 
doi:10.1007/978-3-658-02897-8

• Guyton AC. Chapter 55: The Respiratory System. In: Guyton AC, Hall JE, eds. Handbook of Medical Physiology. 12th ed. 
Philadelphia, PA: Elsevier-Saunders; 2006: 692-697.

• Guyton AC. Chapter 84: The Endocrine System. In: Guyton AC, Hall JE, eds. Handbook of Medical Physiology. 12th ed. 
Philadelphia, PA: Elsevier-Saunders; 2006: 1055-1066.

▪ Master thesis

• Vial N. Pilot study on the feasibility and usability of a rehabilitation system using a lower-limbs exoskeleton and virtual 
reality games. Master’s thesis. École Polytechnique Fédérale de Lausanne; August 17, 2023. Supervisors: Ortlieb A, Boulic R.

▪ Websites

• National Council on Aging. Get the facts on falls prevention. National Council on Aging. Published September 2021. 
Accessed November 20, 2024. https://www.ncoa.org/article/get-the-facts-on-falls-prevention/

• World Health Organization. Falls. World Health Organization. Published September 2021. Accessed November 20, 2024. 
https://www.who.int/news-room/fact-sheets/detail/falls

• MobiHealthNews. FDA clears Microsoft Kinect-enabled physical therapy program from Reflexion Health. MobiHealthNews. 
Published March 2016. Accessed November 20, 2024. https://www.mobihealthnews.com/48190/fda-clears-microsoft-kinect-
enabled-physical-therapy-program-from-reflexion-health

• Maximize Market Research. 3D sensor market. Maximize Market Research. Published 2023. Accessed November 20, 2024. 
https://www.maximizemarketresearch.com/market-report/3d-sensor-market/35701/
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▪ Movement tracking device

▪ Applications

➢Rehabilitation after stroke to prevent falls

➢Cognitive rehabilitation

▪ Affordable device at large scale

▪ Can be used at home

▪ Stimulating environment

Introduction
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Microsoft KinectTM



▪ Balance and postural control:

• Assessment of the alignment of the spine, head and 
lower limbs

• Analysis of the balance through the center of gravity

• Relevant to avoid falls in case of stroke rehabilitation or 
Parkinson’s disease

▪ Gait Analysis:

• Walking pattern, step counts

• Gait speed, rythm and symmetry

• Lower limbs impairments rehabilitation

Physiology aspects
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▪ Muscles strengthening:

• Provide a stimulating environment to strengthen and 
retrain muscles to rejuvenate debilitated functions (gym, 
virtualized therapist)

▪ Joint angles and range of motion:

• Tracking of key joints (e.g., shoulder, elbow, hip, knee)

• Assessment of flexibility

• Targeted rehabilitation in case of asymmetry of 
movement (hemiplegia)

Physiology aspects
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Specifications
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Technical description
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▪ Analysis of the data

➢Movement detection software

➢Decomposition of key joint positions



Technical description
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▪ Joint position at time t:

Example of a movement detection algorithm



Technical description
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▪ Joint position at time t:

▪ Pose: union of joint positions 
at time t:

Example of a movement detection algorithm



Technical description
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▪ Joint position at time t:

▪ Pose: union of joint positions 
at time t:

▪ Action: matrix of poses at 
different time:

Example of a movement detection algorithm



Technical description
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▪ Typical physiotherapeutic exercises:

• Adduction/Abduction of 
shoulders

• Flexion of shoulders

• Extension of elbows

• Flexion of elbows

• Flexion of thigh

• Adduction/Abduction of thigh

• Flexion/Extension of knees



Technical description
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▪ A: Ballon Popper
• Train neglected areas

▪ B: Fruit Catcher
• Train lateral weight shift

▪ C: Scare Crow
• Train static equilibrium

▪ D: Hay Collect
• Reflexes and perception

▪ E: Mix Soup
• Balance, upper-arm and 

cognitive rehabilitation

▪ F: Animal Hurdler
• Stepping exercises

Interactive games
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Wearable devices

▪ Heart-rate monitoring

Aerobics scene Physical strength scene

Virtual reality

▪ Gym environment

Technical description



Medical significance
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▪ Over 35 million stroke patients in the world

▪ 70 million people suffer from disorders such as hemiplegia and 
impaired cognitive functions caused by physical accidents 
(Stroke, car crash,…)

➢Providing them rehabilitation is a world health concern

▪ Physical injury is the 5th cause of death and is mostly caused 
by falls in elderly people (684’000 deaths per year)

▪ In US, approximately $80 billion (2% of the budget) are spent 
each year for healthcare related to non-fatal falls among older 
adults

➢Need to keep the elderly population fit



▪ High correlation of upper limbs motion detection between 
KinectTM and optoelectronic devices (Marker-based systems) 
found in Bonnechère et Al. Study (2018)

▪ Comparison of physical performances between young healthy 
adults, elderly adults and chronic stroke patients:

• Up to 328 parameters can be obtained for upper limbs

➢Hand selection analysis by experts

➢Machine learning analysis

Clinical applications
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▪ Multiple digital physical therapy tools using the KinectTM device, 
such as Reflexion Health or Jintronix, have received the FDA 
approval



▪ Very affordable ($150 at launch)

▪ Easy to set-up

▪ 35 million units sold (2010-2017)

▪ Recent alternative: Azure Kinect

▪ 3D sensing technology market in expansion:

➢Time of flight (autonomous cars)

➢Structured light (facial recognition)

➢Ultrasound and X-ray imaging (medical applications)

Product aspects
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Future perspectives
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▪ Limitations:

• Lack of accuracy for some internal joints rotations (shoulder)

• Difficulties in handling softwares for older patients

• Not suitable for severly disabled patients

▪ Future trends:

• Newer algorithms (AI, Machine learning)

• Intuitive software handling

• Virtual reality headset

• Exoskeleton-assisted exercises



Questions ?

Thank you for 
listening !
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