
Background Methods

Leading cause of long-term disability 
Second leading cause of death globally
High healthcare and economic costs

TREATMENT
  Pharmacological treatments + conventional physical  
  rehabilitation = effective for a small % of patients

BRAIN-COMPUTER INTERFACE (BCI): a system that
enables direct communication between the brain & a
computer, bypassing neuromuscular pathways
         
        BCI THERAPY:

Promote neuroplasticity
Foster improvements in motor function

LIMITATIONS:
Extensive training + calibration needed
Lack of precision, low signal to noise ratio
Lack of reliable accuracy and control

                 BCI illiteracy: 10-15%

POTENTIAL SOLUTIONS:
Gamifications: to enhance engagement
Invasive BCI
Combination of BCI + Drug administration

LEVODOPA (L-Dopa) boosts:
neuroplasticity
visuomotor integration
motor planning
movement correction
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Hypotheses

Discussion and Implications References

Exploratory Analyses

BCI + 
L-Dopa // Placebo

Day 1

ClinicalTrials.gov ID NCT06729658

Goals

Research Questions

Double-blind 

22 BCI-naïve healthy volunteers (20-30 y.o.)

Between-subjects design, randomized

               

                11 L-Dopa     vs     11 Placebo

L-Dopa
during MI, in motor cortical areas, leads to
more pronounced and earlier ERD 

 Rationale:
In Parkinson’s patients, L-Dopa enhances
motor performance and shortens delayed
ERD onset            role in facilitating motor-
related oscillations

In healthy animals, L-Dopa promotes 
       α-band desynchronization at rest

V
Hypothesis I , II and III         improvement in BCI accuracy, 

while FC does not correlate with BCI accuracy, in the placebo condition

 Rationale: 
More distinct EEG patterns => enhance motor imagery differentiation via the CSP algorithm 
A stronger resting-state SNR of μ rhythm predicts improved online BCI control
Mixed findings suggest no strong association, especially in longitudinal training studies

Double-blind + placebo-controlled design          unbiased evaluation of both neural responses and 
                                                                                     behavioral performance
New potential insights into the neurophysiological mechanisms supporting BCI control and the role of
dopamine in shaping motor learning-related plasticity

No Training No Training

Preliminary Examination:
Blood Sampling

MRI 1 MRI 2 MRI 3 MRI 4

1st week 2nd week 3rd week

Day 2-6
Classifier Training Mode
Practice Mode

~60min

 g.tec RecoveriX 
Motor Imagery BCI 
Action Observation 
functional Electrical Stimulation
16-channels EEG

I II IIIL-Dopa
during ITI, in motor cortical areas, leads to

more pronounced ERS 

 Rationale:
In Parkinson’s patients, increased β-band
power following L-Dopa administration, 

       in motor-related regions  

L-Dopa
improves resting SNR of μ and β

oscillations, in motor cortical areas  

 Rationale:
L-Dopa, in Parkinson’s patients, refines
motor cortex activity by reducing
compensatory activation + enhances task-
relevant neural processing

       This “Focusing effect” suggests that   
       dopamine increases the selectivity + 
       efficiency of motor-related neural signals

IV L-Dopa
enhances functional connectivity

between motor cortical areas

Rationale:
fMRI study on healthy volunteers: 

       L-Dopa modulates functional connectivity 
       in motor networks

EEG-structural brain relationships: Exploring how EEG measures correspond to structural brain data to
uncover neural correlates of BCI performance (resting-state fMRI + task-based fMRI)
Age-related differences: Investigating whether L-Dopa influences EEG dynamics differently across age
groups (comparison with additional group: 6 elderly participants 60-70 y.o.)
FC and BCI accuracy in L-Dopa condition: (While no correlation is expected in placebo) the potential link
under L-Dopa will be explored
Broader L-Dopa effects on brain spectral activity: Investigating dopaminergic modulation beyond BCI
accuracy to understand its neurophysiological impact

Investigating whether dopaminergic
modulation enhances task-related ERD
and post-task ERS
Examining if L-Dopa improves the SNR
of mu and beta oscillations 
Assessing whether dopaminergic
modulation alters FC between motor
cortical areas
Exploring if changes in ERD, ERS, SNR,
or FC explain the effects of L-Dopa on
BCI performance

Enhance BCI learning

Advance understanding of
dopaminergic modulation’s role

Inform neurorehabilitation strategies
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STROKE

Dopaminergic modulation on spatio-spectral EEG dynamics
during BCI learning: a double-blind analysis


