
Innovations in technology and IT 
solutions for cognition in relation to 
falls

“Harnessing the Power of Neural Networks”

Eling D. de BruinBG
S 

Fa
lls

 2
01

9



“When you play a videogame, you could be a completely different person 
than you are in the real world, certain aspects of the way your brain works 
can be leveraged for something you could never do in the real world.”

Christopher Nolan
https://de.wikipedia.org/wiki/Christopher_Nolan
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[1] Theoretical relevance of VR approaches / «why would we care for
neuromuscular control & healthy aging in an aging society?»

– Focus on brain, gait & falls

[2] Important mobility components of aging populations
– Muscle Strength, Gait Speed, Gait Variability & Executive Function

[3] How should/could interventions be designed?
– Exergames and physical and cognitive functioning

 understand the relation between cognitive and physical functions
 understand why we should train the brain to improve gait and prevent falls
 understand the rationale to use VR/Exergaming in aging populations
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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/
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Environmental gerontology: Lawton's press-competence model.

Lawton MP, Nahemow L. Ecology and the aging process. In: Eisdorfer C, Lawton MP, eds. The Psychology of Adult Development 
and Aging. Washington, DC: American Psychological Association; 1973.
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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.BG
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NEUROMUSCULAR CONTROL

– “involves the detection, perception, and utilization of relevant sensory 
information in order to perform specific tasks”

Multidimensional concept of frailty integrating various 
domains of human functioning that, by interaction, may 
accelerate frailty development

Sacha J, Sacha M, Soboń J, Borysiuk Z and Feusette P (2017) Is It Time to Begin a Public 
Campaign Concerning Frailty and Pre-frailty? A Review Article. Front. Physiol. 8:484. doi: 
10.3389/fphys.2017.00484
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Impairment in sensory filtering (e.g., longer time to characterize stimuli in working memory), presumed to explain
the deficits in motor processes (i.e., selection of motor responses). Cognitive working memory changes in aging 
lead to slowing down of motor response selection.
Cid-Fernandez et al. (2014). Front. Hum. Neurosci. 8:745. doi: 10.3389/fnhum.2014.00745 BG
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%
non-

fallers

Mirelman et al. 2012, PLoS ONE 7(6): e40297
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Brian C. Clark, Todd M. Manini, Sarcopenia ≠ Dynapenia, The 
Journals of Gerontology: Series A, Volume 63, Issue 8, August 
2008, Pages 829–834

– There is no equivalence between muscle mass and strength 
– longitudinal aging studies indicate a disassociation between the 

loss of muscle mass and strength
– the changes in muscle mass and in strength resulting from altered 

physical activity levels (i.e., exercise training or disuse) do not 
follow the same time course

– Thus, adaptations in other properties in the human neuromuscular 
system must be involved in the regulation of strength

– mechanisms accounting for ▲ or ▼ in strength can arise from 
neurological and skeletal muscle factors

– potential sites that can affect maximal voluntary force output:
– excitatory drive from supraspinal centers, α-motoneuron excitability, 

antagonistic muscle activity, motor unit recruitment and rate coding, 
neuromuscular transmission, muscle mass, E-C coupling 
processes, and muscle morphology and architectureBG
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William Cullen (1710-1790; from Institutions of Medicine, Pt.)

Sensation and volition, so far as they are connected 
with corporeal motions, are functions of the brain 
alone...the will operating in the brain only, by a 
motion begun there, and propagated along the 
nerves, produces the contraction of the muscles.

https://en.wikipedia.org/wiki/William_Cullen
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IS MUSCLE STRENGTH LOSS CAUSED BY FAILING EFFICIENCY OF BRAIN-MUSCLES 
COMMUNICATION (E.G. A NEUROGENIC DRIVEN SYNDROME)?

Structural Δs:
Cortex Atrophy, Degen. / Slowed 
Regeneration of Pyramidal Neurons, 
Loss of Dopamine Neurons

Functional Δs:
▲ variability motor performance, 
reduced neuroplasticity, impaired 

sensorimotor integration, ▼ cortico-
cortico connectivity, ▼ descending 

command, ▲ neural noise, etc.

Brain (Transmitter

Peripheral nervous system

Degeneration of Motoneurons, 
Slowed Axonal Regeneration, 
Neuromuscular Junction Remodeling

Slowed Nerve Conduction, 
Neuromusc. Junction Transmission 

Failure, ▼ Myelin Expression, 
Chronic Inflammation & Oxidative 

Stress, etc.

Skeletal muscle (receiver)
Manini, T. M., Hong, S. L., & Clark, B. C. 

(2013). Aging and muscle: a neuron's 
perspective. Current opinion in clinical 

nutrition and metabolic care, 16(1), 21–26.BG
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• «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»  

Clark, B. C., & Taylor, J. L. (2011). Age-related changes in motor 
cortical properties and voluntary activation of skeletal muscle. 
Current aging science, 4(3), 192–199. 
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Gait in the elderly is a complex motor-
cognitive task

Attention, executive functions and
memory are needed

de Bruin, E. D., & Schmidt, A. (2010). Walking behaviour of healthy elderly: attention should be paid. Behavioral and Brain Functions, 6. doi: 
10.1186/1744-9081-6-59
Pichierri, G., Wolf, P., Murer, K., & de Bruin, E. D. (2011). Cognitive and cognitive-motor interventions affecting physical functioning: A systematic 
review. Bmc Geriatrics, 11. doi: 10.1186/1471-2318-11-29

Front. Public Health
https://doi.org/10.3389/fpubh.2016.00094

Motor control integrates both cortical and 
subcortical structures principally involving those 
connections between the basal ganglia and 
frontal lobes involved in automaticity of motor 
function and its cognitive mediation.
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– «.. 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 ..»
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The mean values of the stride time are essentially identical in both subjects, 
the magnitude of the stride-to-stride fluctuations is much larger in the faller. 
SD: standard deviation; CV: coefficient of variation

Upper threshold 2.6% - Lower threshold 
1.1% for pathologic variability
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The brain map of gait variabiliy in aging. Caption: Brain gray matter (solid fill) and white matter (line 
fill) on sagittal view of the lateral cortex (top) and the medial cortex (bottom), that are associated with 

temporal gait variability (red), spatial gait variability (purple)

Qu Tian,  Nathalie Chastan,  Woei-Nan Bair,  Susan M. Resnick,  Luigi Ferrucci,  Stephanie A. Studenski. The brain map of gait 
variability in aging, cognitive impairment and dementia—A systematic review. Neuroscience & Biobehavioral Reviews, Volume 
74, Part A, 2017, 149–162; http://dx.doi.org/10.1016/j.neubiorev.2017.01.020 BG
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The brain map of gait variability in cognitive impairment or dementia. Caption: Brain gray matter 
areas on sagittal view of the lateral cortex (top) and the medial cortex (bottom), that are associated 

with temporal gait variability (red) and spatial gait variability (blue)

Qu Tian,  Nathalie Chastan,  Woei-Nan Bair,  Susan M. Resnick,  Luigi Ferrucci,  Stephanie A. Studenski. The brain map of gait 
variability in aging, cognitive impairment and dementia—A systematic review. Neuroscience & Biobehavioral Reviews, Volume 
74, Part A, 2017, 149–162; http://dx.doi.org/10.1016/j.neubiorev.2017.01.020 BG
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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!
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Herold, F., Hamacher, D., Schega, L., & Müller, N. G. (2018). Thinking While Moving or Moving While Thinking - Concepts of Motor-Cognitive Training for 
Cognitive Performance Enhancement. Frontiers in aging neuroscience, 10, 228. doi:10.3389/fnagi.2018.00228
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Herold, F., Hamacher, D., Schega, L., & Müller, N. G. (2018). Thinking While Moving or Moving While Thinking - Concepts of Motor-Cognitive Training for 
Cognitive Performance Enhancement. Frontiers in aging neuroscience, 10, 228. doi:10.3389/fnagi.2018.00228
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VR = the use of computer technology to create a simulated
environment

– Your brain treats VR like a real life experience

– Real life experiences are the best way to learn and remember

– Experiences in VR help you learn better, remember more and improve

Front. Hum. Neurosci. 2014 | https://doi.org/10.3389/fnhum.2014.00035
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(A) An individual playing exergame; (B) increases neural activation; (C) promotes a 
muscle fiber tension.

(American College of Sports Medicine. “Exergaming.” ACSM.org . 
http://www.acsm.org/docs/brochures/exergaming.pdf (accessed February 
24, 2017).)
«…technology-driven physical activities, such as video game play, that 
requires participants to be physically active or exercise in order to play the 
game»

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.

A
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Meta-analysis showing effects of exergame interventions on global cognition in comparison to 
physically-active control conditions. Box size represents study weighting. Diamond represents 

overall effect size and 95% confidence intervals.

Domain-specific analyses found exergames improved executive functions, attentional 
processing and visuospatial skills.

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

www.dividat.ch
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Meta-analysis of exergames effects on global cognition in comparison to control conditions. 
Box size represents study weighting. Diamond represents overall effect size and 95% 

confidence intervals.

Neuroscience & Biobehavioral Reviews, 2017, Available online 23 April 2017; http://dx.doi.org/10.1016/j.neubiorev.2017.04.011BG
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Fig 3. Forest plot of comparisons: Experimental vs. control group change in physical health.

Vázquez FL, Otero P, García-Casal JA, Blanco V, Torres ÁJ, et al. (2018) Efficacy of video game-based interventions for active 
aging. A systematic literature review and meta-analysis. PLOS ONE 13(12): e0208192. 
https://doi.org/10.1371/journal.pone.0208192
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0208192BG
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Fig 4. Forest plot of comparisons: Experimental vs. control group change in cognitive and 
emotional mental health.

Vázquez FL, Otero P, García-Casal JA, Blanco V, Torres ÁJ, et al. (2018) Efficacy of video game-based interventions for active 
aging. A systematic literature review and meta-analysis. PLOS ONE 13(12): e0208192. 
https://doi.org/10.1371/journal.pone.0208192
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0208192BG
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Fig 5. Forest plot of comparisons: Experimental vs. control group change in social health.

Vázquez FL, Otero P, García-Casal JA, Blanco V, Torres ÁJ, et al. (2018) Efficacy of video game-based interventions for active 
aging. A systematic literature review and meta-analysis. PLOS ONE 13(12): e0208192. 
https://doi.org/10.1371/journal.pone.0208192
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0208192BG
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Summary of key 
recommendations of 
physical activity and 

exercise for older adults in 
long-term care facilities
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Innovations in technology and IT 
solutions for cognition in relation to 
falls

“Thank you for your attention”

„We don’t stop playing because we grow old; we grow old because we stop playing.“

George Bernard ShawBG
S 

Fa
lls

 2
01

9



BG
S 

Fa
lls

 2
01

9



Highlights
– The totality of postural control is not currently trained in exergaming 

interventions.
– The choice of exergame console and game influence the areas of postural 

control trained.
– Sensory integration and reactive postural control is not currently trained 

using exergames.
– Exergames that utilise a changing base of support better meet the 

requirements for training postural control.
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BBS

Jerome Iruthayarajah, Amanda McIntyre, Andreea Cotoi, Steven Macaluso & Robert Teasell (2017) The 
use of virtual reality for balance among individuals with chronic stroke: a systematic review and meta-
analysis, Topics in Stroke Rehabilitation, 24:1, 68-79, DOI: 10.1080/10749357.2016.1192361 
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TUG

Jerome Iruthayarajah, Amanda McIntyre, Andreea Cotoi, Steven Macaluso & Robert Teasell (2017) The 
use of virtual reality for balance among individuals with chronic stroke: a systematic review and meta-
analysis, Topics in Stroke Rehabilitation, 24:1, 68-79, DOI: 10.1080/10749357.2016.1192361 
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95% of human biology believed to have been naturally selected in the time when our 
ancestors were hunters and gatherers (Trevathen et al., 1999). The lifestyles we live today 
are ones that may be maladaptive to those directed by our evolutionary makeup. Particularly, 
a sedentary lifestyle and a change in dietary habits seem to be prominent contributing factors 
to many diseases of the body and mind.
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If exercise is considered as “remedy” for its preventive potential and for the
treatment of chronic diseases, it is possible to infer that an association with virtual
reality could potentiate its therapeutic effects, especially in certain cases, for
example, in the improvement of the cognitive functions of older adults, in
augmenting balance and motor function of PD and stroke patients, as well as
reducing spasticity in children with cerebral palsy.

Costa, M., Vieira, L. P., Barbosa, E. O., Mendes Oliveira, L., Maillot, P., Ottero Vaghetti, C. A., … Monteiro-Junior, R. S. (2019). Virtual Reality-Based Exercise 
with Exergames as Medicine in Different Contexts: A Short Review. Clinical practice and epidemiology in mental health : CP & EMH, 15, 15–20.
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Basic modes of exercise—neuromuscular vs. 
metabolic demands.

Physical-motor training and cognition—different 
pathways and driving mechanisms.

Physical-motor training and cognition—dual tasks.

Netz Y. (2019). Is There a Preferred Mode of Exercise for Cognition Enhancement in Older Age?-A Narrative Review. Frontiers in medicine, 6, 57.
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