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Little correlation between functional deficit and lesion load
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• Synaptic plasticity impaired by:
– demyelinating lesion: possibile loss of synchronicity
– Atrophy of grey matter: (glial (-36%), neuronal (-10%), synaptic (-

47%): Wegner, Neurology, 2006; Sicotte, Brain, 2008)

• Synaptic plasticity improved by:
– (EAN) T- and natural killer (NK) cells: Neurotrophins (z.B. BDNF, 

Hammarberg, J Neurosci., 2000)
– Matrix-Metalloproteinase (Agrawal, Sem. Cell & Dev. Biol., 2008)
– Ciliary neurotrophic factor (CNTF) signalling (Dutta, Brain, 2007)
– Endocannabinoids? (Centonze, Brain 2006)

Synaptic plasticity in multiple sclerosis
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Temporally asymmetric Hebbian rule

Wolters. J. Neurophysiol.. 2003; J. Physiol.. 2005

Dan. Physiol Rev. 2006
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Synaptic plasticity in multiple sclerosis
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Motor learning in multiple sclerosis

Zeller, aufm Kampe, Neurology, 2010



Normal baseline-normalized motor learning in a simple motor
training task

Leocani et al., NeuroRehab NeurRepair, 2007





Synaptic plasticity retained also in high brain injury

Zeller, aufm Kampe, Neurology, 2010



Long-term potentiation-like plasticity and rapid motor learning 
of a simple motor task are not compromised in MS. 

In mild-to-moderately affected patients, rapid-onset plasticity 
does not appear to be a factor determining good hand function 
in the presence of variable degrees of brain injury. 
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MS patients without impairment of hand function
– Activation of ipsilateral sensorimotor cortex (Reddy, Brain 2000). 

MS patientHealthy controls

Reddy, Brain, 2000



100 ms

0-4.5 sec

Exploring interregional plasticity by
neuronavigated TMS



Regional plasticity in MS - reaction time task

Zeller, Dang, JNNP, 2011
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Non-canonical (motor) brain regions are involved in the 
execution of simple motor tasks in MS. 

Activation of these regions is functionally relevant, but
compensation likely is limited by disease-related brain injury.
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Extracting complex parameters of motor control by TMS-
mapping of finger movements
•Somatotopical representation

•Efficiency of motor control

300 ms



Somatotopical organisation of finger movements as revealed by 
TMS
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Expansion of homuncular representation in professional
musicians – mapping finger movts. = plasticity paradigm
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Disruption of homuncular motor representation in multiple 
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Disruption of homuncular motor representation covaries with
hand function - in multiple sclerosis patients
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Magnetic stimulation TMS induced
movements

Extraction
of modules

4 modules explain ≥90% 
of data variance

reconstruction

Natural
grasping movements

Grasping at virtual objects

Module 1

Modular control of precision and power grip

Module 2

Module 3

Module 4

Nagel et al., in preparation



Impairment of modular control of precision movements in 
MS – independent of hand function in timed motor tests
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Local network properties in multiple sclerosis



Short-term plasticity, resembling long-term potentiation of excitatory 
neuronal synapses is was not compromised, in patients with mild-to-
moderate MS. 

Activation of non-canonical brain regions is functionally relevant. 

Reduced efficiency of motor control of dexterous movements may 
provide a pathophysiological model for impairment of behavioral control 
beyond that detectable in conventional functional assessments.
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