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– [1] Background «why would we care for motor control in an ageing society?»
– Focus on walking & falls

– [2] Important mobility components of ageing populations
– Speed & Variability

– [3] How should/could interventions be designed?

– [4] Practical examples VR driven innovations



http://www.nordregio.se/en/Metameny/Nordregio-News/2013/Nordic-
Population-Ageing--Challenge-and-Opportunity/Context/

https://epthinktank.eu/2013/12/19/ageing-population-projections-2010-2060-for-
the-eu27/





Degenerative changes in aging

Lustig, C., Shah, P., Seidler, R., & Reuter-Lorenz, P. A. (2009). Aging, Training, and the Brain: A Review and Future Directions. Neuropsychology 
review, 19(4), 504-522. doi: 10.1007/s11065-009-9119-9
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Biological Sciences and Medical Sciences, 57(5), M262-M282. 

Physiological changes
↓ sensory functions
↓ muscle mass and strength
↓ bones density
↓ tissue elasticity

Cognitive changes
↓ information processing speed
↓ attentional functions

- selective attention
- divided attention

↓ executive functions
- inhibition
- switching/shifting
- updating, control, monitoring

↓ memory functions

Structural/functional changes in the brain
↓ grey and white matter 
↓ cerebral blood flow
especially in specific brain regions
(e.g. prefrontal lobe and Hippocampus)



– Bernard Isaacs coined the term geriatric giants (1965)
– immobility, instability, incontinence, and impaired intellect/memory1

– the modern "geriatric giants" contain four new syndroms frailty,2 sarcopenia,3
the anorexia of aging,4 and cognitive impairment.5

Definitions:

1J Gerontol A Biol Sci Med Sci. 2004; 59: 1132–1152
2J Cachexia Sarcopenia Muscle. 2014; 5: 5–8
3J Am Med Dir Assoc. 2016; 17: 471–472
4Curr Opin Clin Nutr Metab Care. 2013; 16: 27–32
5J Am Med Dir Assoc. 2015; 16: 731–739



“Attention should be paid to preventive interventions seeking to minimize the individual risk factors for 
mobility decline, such as obesity, sensory impairments, falls, or physical inactivity.”



Healthy aging: [1] avoidance of disease and disability, [2] maintenance 
of high physical and cognitive function, [3] sustained engagement in 
social and productive activities Gerontologist, 1997. 37(4): p. 433-40



HEALTHY AGING (WHO) 

“the process of developing and maintaining functional ability that enables 
well-being in older age.”[1]

TWO MAIN CONCEPTS[2]

Intrinsic Capacity: “the combination of the individual’s physical and 
mental – including psychosocial – capacities”

– Mobility, Cognition, Vitality (Psycho-social, neuro-sensorial), Vision, 
Hearing

Functional Ability: “having the capabilities that enable all people to be 
and do what they have reason to value.”

[1] WHO Clinical Consortium on Healthy Ageing 2017 – report of consortium meeting 21 and 22 November 2017 in Geneva, Switzerland. Geneva: World Health Organization; 2018. Licence: CC BY-
NC-SA 3.0 IGO. [2] http://www.aging-news.net/w-h-o-world-health-organization-program-on-maintaining-intrinsic-capacities-with-aging/



INTRINSIC CAPACITY VS. (PHYSICAL) FITNESS

– Health related
– Cardio-respiratory & muscle 

endurance, muscle strength, 
body composiotion, 
flexibility

– Skill related
– Agility, balance, 

coordination, speed, power, 
reaction time

http://www.aging-news.net/w-h-o-world-health-organization-program-on-
maintaining-intrinsic-capacities-with-aging/

Caspersen CJ, Powell KE, Christenson GM. Physical activity, 
exercise, and physical fitness: definitions and distinctions for 
health-related research. Public Health Rep. 1985;100(2):126-31.
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FEHLER EFFIZIENTER HIRN-MUSKEL-KOMMUNIKATION IN DYNAPENIA: EIN NEUROGEN 
GETRIEBENES-SYNDROM?

TM Manini, 2013



• «Deficits in the neural drive can contribute to much of the muscle 
weakness observed in the very elderly – at least in the knee extensor 
muscles»

• «Clinically meaningful deficits in voluntary activation do exist in the 
knee extensors when a population of older adults is considered» 

• «There is also evidence for a deficit in activation of the knee extensors, 
which are clinically important as the level of muscle strength has been 
linked to disability development and functional capacity»  



– «.. in elderly subjects with small vessel disease, widespread 
disruption of white matter integrity, predominantly in the normal-
appearing white matter, is involved in gait disturbances.

– In particular, loss of fibres interconnecting bilateral cortical regions, 
especially the prefrontal cortex that is involved in cognitive control 
on motor performance, may be important ..»



Neurophysiology of gait: From the spinal cord to the frontal lobe

Movement Disorders, Volume: 28, Issue: 11, Pages: 1483-1491, First published: 16 October 2013, DOI: (10.1002/mds.25669) 



Regional associations between GM volume and gait characteristics; gait velocity (A), step length (B), step time 
variability (C), step width (D), cadence (E) and double support time (F). 



Cognitive contributions to gait and falls: Evidence and implications

Movement Disorders, Volume: 28, Issue: 11, Pages: 1520-1533, First published: 16 October 2013, DOI: (10.1002/mds.25674) 



New Technologies & Neuroplasticity: VR / Exergames

NZZ, 9.5.2016

«Use dependent plasticity»: 
Practicing movements results in 
improvement in performance and in 
plasticity of the motor cortex. Non-
practicing gives the opposite effect!



Exergaming?



(A) An individual playing exergame; (B) 
increases neural activation; (C) promotes a 
muscle fiber tension.

Monteiro-Junior, R. S., Vaghetti, C. A., Nascimento, O. J., Laks, J., & Deslandes, A. C. (2016). Exergames: neuroplastic hypothesis about cognitive improvement 
and biological effects on physical function of institutionalized older persons. Neural regeneration research, 11(2), 201–204.





Molecular Psychiatry (2014) 19, 265-271;
doi:10.1038/mp.2013.120





Meta-Analyse von Exergames Auswirkungen auf globale Kognition im Vergleich zu 
Kontrollbedingungen.

Neuroscience & Biobehavioral Reviews, 2017, Available online 23 April 2017; http://dx.doi.org/10.1016/j.neubiorev.2017.04.011





Weighted mean differences (95% CI) of the effect 
immediately after intervention of substituting some or all of
standard rehabilitation (SR) with virtual reality based
rehabilitation (VRBR) on walking speed, pooling data from 
seven trials (n = 138).

Weighted mean differences (95% CI) of the effect beyond 
the end of the intervention period of substituting some or 
all of standard rehabilitation (SR) with virtual reality based
rehabilitation (VRBR) on walking speed, pooling data 
from three trials.

http://dx.doi.org/10.1016/j.jphys.2015.05.017
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