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Kantak et al. 2012 

 The control and execution of motor behavior (e.g., reach, grasp etc.) is 

represented by a cortical network of primary and secondary motor areas 

 How can systems 

neuroscience help to 

understand reorganization, 

functional relevance, prediction 

of recovery or select 

therapeutic interventions 

 This network has the potential 

to reorganize after focal lesions 

or structural changes 



 Representation of unimanual movements in healthy subjects 

and in patients  

 Can systems neuroscience provide a basis for patient-

individualized treatments? 

What is the functional meaning of activation patterns in 

healthy subjects and in patients 

 Can we potentially predict recovery patterns and processes 

Road Map 



Representation of unimanual movements in healthy subjects and in patients  

Figure 3: Comparisons of patients with RRMS without disability and patients with 

RRMS with mild disability during a simple, right-hand, motor task (Rocca et al. 2005, 

Pantano et al. 2002) 

fMRI activation in chronic stroke patients during  a 

right-hand, motor task (Lotze et al. 2006, Ward et al. 

2003, Grefkes et al. 2008) 

fMRI activation in young and old healthy subjects during  

a right-hand, motor task (Mattay et al. 2002, Ward et al. 

2006, Sailer et al. 2000) 

Healthy subjects 
Stroke 

MS 



Virtual Lesion: Is there a causal link? 

 Have cortical areas that are active during functional 

neuroimaging a causal link to a certain function? 

L R L R 



JNNP 2011 

• n=26 MS, 26 controls 

• Virtual lesion TMS approach 

• neuronavigated  

Ipsilateral motor cortex in MS patients; Is there a causal link? 

 



Ipsilateral motor cortex in MS patients: Is there a causal link? 

 

JNNP 2011 

MS patients 

Disturbance of the ipislateral M1, PMd led to impaired reaction times 



 preparation and execution of complex movement sequences? 

Ipsilateral motor cortex in stroke patients: Is there a causal link? 

 



Individual Patient-Data 
(fMRI during a motor fingersequence) 

L R 

Patients 

 

Virtual Lesion Approach 

Functional relevance of secondary motor areas  

 

Controls 

Lotze et al J Neurosci 2006 

Ipsilateral motor cortex in stroke patients: Is there a causal link? 

 



Ipsilateral motor cortex and motor learning in aged subjects 

Time 

BASE TRAIN POST-90 min POST-24 hrs 

tDCS/Sham 

 (20 min.) 

VAS-Questionnaires 

Q2 Q3 Q4 Q5 Q6 (Q1) 

Between session interval of cross-over design:~7 days 

Zimerman et al., (submitted) 
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Murase et al. Ann Neurol 2004, Duque et al. NIMG 2005, Hummel & Cohen Lancet Neurol 2006, Grefkes et al. Ann Neurol 2008 

Ipsilateral motor cortex and motor learning in stroke patients 



Time 

BASE 

Test 0 

TRAIN-tDCS POST-90  POST-24  

tDCS/Sham 

 (20 min.) 

VAS-Questionnaires 

Q2 Q3 Q4 Q5 Q6 (Q1) 

Between trial interval = 9 days (cross-over design) 

  90 min.   24 hrs. 

B1 B2 B3 B4 B5 Test 

90m 

B1 B2 B3 B4 Test 

24h 

B1 B2 B3 B4 

  offline offline 
  early online   late online-24   late online-90 

A.   Behavioural experiment – Motor skill acquisition 

Ipsilateral motor cortex and motor learning in stroke patients 
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B.   Neurophysiological measurements– Motor cortex excitability changes at rest 

A.   Behavioural experiment – Motor skill acquisition 

Zimerman et al., Stroke (2012) 



Zimerman et al., Stroke (2012) 
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SICI Modulation ( Post0 /Baseline)  
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motor areas and functional recovery: functional brain imaging- longitudinal 

 Activation patterns change over the time of functional regeneration (Ward et al. 2004, 

Grefkes et al. 2008, Calautti et al. 2005) 

 Patterns (e.g. ipsilateral to the paretic hand) differ depending on patients 

characteristics (Ward et al. 2004, Grefkes et al. 2008, Calautti et al. 2005) 

Rehme et al. 2011 

Ward et al. 2003 



Subcortical Stroke, good recovery 

Cortical Stroke, limited recovery  

lesioned intact 

Time after stroke 
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Stroke 

‚back to normal‘ 

Hummel & Gerloff (in press) 

motor areas and functional recovery: functional brain imaging- longitudinal 



motor areas and functional recovery: functional brain imaging - connectivity  

Grefkes & Fink Brain 2011 



motor areas and functional recovery: functional brain imaging - connectivity  

Rehme et al. NIMG 2011 



Rehme et al. NIMG 2011 

motor areas and functional recovery: functional brain imaging - connectivity  



Secondary motor areas and functional recovery: functional brain imaging - connectivity  



Secondary motor areas and functional recovery: functional brain imaging - connectivity  



Secondary motor areas and functional recovery: structural analyses  

 Probabalistic tractography 

 Cortical seeds based on fMRI 

 Chronic stroke 
Schulz et al. Stroke (in press) 



Secondary motor areas and functional recovery: structural analyses  

 Probabalistic tractography 

 Cortical seeds based on fMRI 

 Chronic stroke 
Schulz et al. Stroke (in press) 



Motor cortex and premotor cortex tract specific FA associated with 

function (Riley et al. 2011, Lindenberger et al. 2010) 

Secondary motor areas and functional recovery  

Schulz et al Stroke (in press) 



Summary 



 Factors like lesion location, size, structural background and integrity,  time after 

ictal event and others influence the course of impairment and functional 

regeneration 

Summary 

 Approaches of systems neuroscience provide the option to evaluate adaptive, 

maladaptive plastic changes after brain lesions 

 Approaches of systems neuroscience might provide the option to predict functional 

reorganization, outcome and direct an individual patient-targeted therapy.  

 Approaches of systems neuroscience might provide a platform to evaluate 

innovative novel treatment strategies (pharmacological, brain stimulation etc,)  
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