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Agenda

• Why neuroscience of movement?

• When & why postural and gait research?

• Cognitive-motor interventions – rehabilitation 
and countermeasures

• Mobile brain/body imaging
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MSc: Biomedical engineering

PhD: Kinesiology & 
Neuroscience
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Tensiomyography (TMG)

1

2
Bed rest experiments:

Valdoltra 2001, 2006, 2007, 2008, 2012
Izola 2019 and 2023!
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3: neuroscience of movement
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Ancient Theatre in Epidaurus, Greece (AUG 2020)



Human locomotion
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384–322 BC



Human locomotion
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384–322 BC



• Gait and cognition are interrelated in older adults
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Examples with students:

1. Walking while talking

2. Single Leg Stance 
(ST, DT)
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Lundin-Olsson, Nyberg & Gustafson (Lancet 1997)



Human locomotion
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384–322 BC

fNIRS
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Human locomotion
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Takakusaki, 2017 J Mov Disord
.

Marusic, Verghese, Mahoney, 2018 JAMDA



17



18

Cognitive-motor interference (CMI)

CMI:
- sensory (early processes)
- Integration (info. processing)
- Executive control 
- Motor processes (planning, 
execution)

Plummer et al., 2014
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• 1st RCT with sedentary seniors performing CCT targeting EF &
attention 1

• 24 sessions, 8 weeks, 3x/week
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Cognitive interventions to improve mobility

1 Verghese et al., 2010



• 1st RCT with sedentary seniors and 24 sessions of CCT targeting 
EF&attention 1

• %change from baseline:

21

Cognitive interventions to improve mobility

1 Verghese et al., 2010

a) Normal walking

b) WWT:  Walking while reciting alternate alphabets
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Spatial navigation training modifies hippocampal volumes



BED REST Valdoltra 2012

• RM random design

• Intervention and control group

• 14-day bed rest study at the Valdoltra Hospital, 
University of Primorska, Ankaran, Slovenia.
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16 healthy participants: Intervention (N=8) and Control group (N=8)
• matched in terms of BMI, age, level of education and usage of computer
• Randomized into 2 groups: CCT or watching documentaries
 



251 Pisot, Marusic et al., 2016

• ↓Muscle volume, function, and aerobic capacity 1

– No interaction between Intervention and Control group (p > 0.05)!!
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CCT during bed rest



Close and far transfer!

• Specifically trained cognitive
functions (EF) (Marusic et al., 2016)
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CCT during bed rest



Close and far transfer!

• Specifically trained cognitive
functions (EF) (Marusic et al., 2016)

• Far transfer to a distal untrained
domain – mobility (Marusic et al., 2015)
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CCT during bed rest
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CCT during bed rest



Limitations:

- Only static EEG

- Pre-post bed 
rest while 
sitting 
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Does non-physical training improve mobility?



BED REST 2023 31

Does non-physical training improve mobility?
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Bed rest 2023

Šlosar et al., 2023 Front Aging Neurosci
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10-day horizontal bed rest

X_BRAIN GROUP EX (N=10)

• 10 MI+AO (KI) Training days on the "VR leg 
press machine"

• Increase in difficulty (additional weights 
every day)

• Daily increase in muscle volume (impression 
of improvement)

• From 25 to 30 min/day

• No muscle contraction allowed

• Specific diet, pre-training

BEDREST GROUP E (N=10)

• 10- passive training (in the VR environment 
without a specific task)

• From 25 to 30 minutes/day

MRI: Quads muscle
CSA50% (time x group
int.: p=0.031):
• E = -4.49% *
• EX = -1.84% *

MViC (time x group int.: 
p=0.006):
• E = -14% *
• EX = -7% (n.s.)

Bed rest 2023



ARRS J7-4601

• Title: Adaptation and sensorimotor 
processing during increased gravity 
gradients

• 3-year national project: 1. 10. 2022 - 
30. 9. 2025

• Basic project

• Total budget: 150.000€

• PI: Uros Marusic, PhD
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Human centrifuge for
medical purposes
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Principle of Centrifuges

What is a Centrifuge?
• A centrifuge is a scientific 

device that is used to 
separate fluids, gasses, or 
liquids based on the 
density of the subject. The 
separation is acquired by 
spinning a container with 
the material at a very high 
speed. The resulting forces 
created will then cause the 
heavier materials to travel 
to the bottom of the 
container.
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1928



Human centrifuge

• physiological deconditioning of the human 
body exposed to microgravity and simulated 
microgravity environments (bed rest and dry 
immersion) is well understood today (Williams et al., 2009; Stenger 

et al., 2012; Blaber et al., 2013; Hargens et al., 2013).

• Artificial gravity generated by spinning on a 
short-arm human centrifuge is a valuable 
countermeasure (Clement & Pavy-Le Traon, 2004; Clement et al., 2015).

• Centrifugation: improved orthostatic tolerance 
time, attenuated plasma volume, and increased 
exercise capacity (Evans et al., 2004; Evans et al., 2015; 

Clement et al., 2015). 
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Preliminary (single-subject) data:

Healthy male, 35y, BMI=22
Centrifugation:
• 0.7G
• 1.4G
Increased HR:
• 56 bpm – resting supine
• 63 bpm – 0.7G
• 123 bpm – 1.4G
• 168 bpm – 1.4G + squads
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Preliminary (single-subject) data:

EEG/ERP
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Preliminary (single-subject) data:
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EEG/ERP

VEP: MRCP:
Word reading BLACK

Ink-naming BLUE

Switching RED

Measurements in SEPT 2024!
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Join us in Planica in September 2024

uros.marusic@zrs-kp.si

mailto:uros.marusic@zrs-kp.si
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All studies shown so far…

1. Behavioral/biomechanical outcomes only
and/or

2. Neuroplasticity metrics during static 
conditions



• „Mobile brain/body imaging (MoBI) is a method to record and analyze brain 
dynamics and motor behavior under naturalistic conditions“ (Jungnickel, 
Gehrke, Klug & Gramann, 2019).

Time for Mobile Brain/Body Imaging (MoBI)?



• Ecological validity?!

Time for Mobile Brain/Body Imaging (MoBI)?



TWINning the BRAIN with machine learning for neuro-
muscular efficiency

„TwinBrain“

Horizon 2020 Twinning widespread-05-2020
1.11.2020-31.1.2024

PI: Uros Marusic, PhD
Partner institutions: 
Budget: 0.9 M€

www.twinbrain.si
https://cordis.europa.eu/project/id/952401

https://cordis.europa.eu/project/id/952401
https://cordis.europa.eu/project/id/952401
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Static EEG Dynamic EEG
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TwinBrain Clinical Trial: 

Current – Neuromuscular
assessment in PD 

Methods:

128-channel Mobile EEG

2x 32-channel wireless hdEMG

Whole-body kinematics

VivePro controlers

LSL
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• 30% MVC ramp

Force tracking task (hdEMG)

        
           
      

              
           

      
         
    

        
            
      

Kalc et al., in preparation



Mean and Coefficient of Variation of 
the Relative Force (%MVC)

Comparison between NORM and PD patients in a Single- or Dual-task
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Gait-phase spectral modulation:

Richer, Bradford & Ferris (2024)



Individual responses
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TwinBrain Clinical Trial:

Analyses approaches: time-freq. gait-phase modulation

Peskar et al., in preparation



Decoding cortical biomarkers in 
Parkinson‘s Disease during overground walking
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PD wide Lane:
ST vs DT

PD narrow Lane:
ST vs DT
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Gait-phase spectral modulation:

• PD patients show similar 
cortical activity to HC during 
walking but exhibit signs of 
movement inefficiency when 
dual-tasking.

• In PD patients, dual-tasking 
triggers high-frequency 
synchronization during specific 
gait phases, suggesting 
increased cognitive load.

• These findings highlight that 
cognitive demands can hinder 
movement in PD, offering 
insights for interventions and 
fall prevention strategies.

Peskar et al., in preparation



Biomarkers of movement efficiency?

• Biomechanical parameters

• Beta suppression

• c-c, c-m coherence

• attentional reserve can be assessed by ERP

– ↓ P3 amplitudes for the most challenging 
condition



Gait research in PD

Kalia & Lang, 2015; 
Lancet



Special Issue
Neuromuscular mechanisms associated with 

deconditioning in ageing and pathological conditions

Submission deadline: 

Sunday, 1 September 2024

Topics include

• Neuromuscular function

• Neural mechanisms of ageing

• Neuromuscular impairment

• Neural mechanics

• Neurophysiology

• Neural degeneration



TBrainBoost Summer 
School 1.0: Leveraging 
Neuroscientific Discoveries 
for Neurorehabilitation 
Products and Services 16th -
20th July 2024

No registration fee!

Students (Masters and PhD) and post docs 
across various disciplines including kinesiology, 
physiotherapy, psychology, cognitive 
(neuro)science, biomedical engineering, 
business, management, and more.

Invitation
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uros.marusic@zrs-kp.si

@UrosMarusic

mailto:uros.marusic@zrs-kp.si
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