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PhysiolDBS: Physiological mechanisms of Deep Brain 
Stimulation in Parkinson’s disease 
 
Deep brain stimulation of the subthalamic nucleus (STN-DBS) represents the most important 
therapeutic progress for advanced Parkinson’s disease (PD) over the last two decades. DBS 
is accomplished by implanting electrodes into a deep brain region, in which the neuronal 
activity is abnormal due to the disease process and causes the symptoms of a movement 
disorder such as PD. By connecting the electrode to an internal pulse generator, which 
delivers a high-frequency electrical current to the target area, one can create a ‘lesioning-
like” effect without the need for destroying brain tissue and thereby eliminate the spread of 
‘the abnormal activity to brain areas, which are not affected by the disease. The remarkable 
therapeutic effectiveness of deep brain stimulation and the need for alternative therapies in 
the advanced stages of Parkinson’s disease and other neuropsychiatric disorders has 
caused the routine clinical application of DBS to proceed the scientific evaluation of its 
mechanisms of action. This consortium was proposed to uncover physiological mechanisms 
of deep brain stimulation in Parkinson’s disease as a model neurodegenerative disease. The 
partners achieved  

• to characterize the synaptic and transsynaptic effects of low- and high-frequency 
stimulation on intrinsic neuronal activity in a basal ganglia slice model (subproject 1, 
PI Constance Hammond) and to propose network mechanisms for the generation of 
pathological betaoscillations in the Parkinsonian state 

• to record simultaneously local field potentials from externalized leads and whole-brain 
magnetoencephalography allowing to characterize oscillatory basal-ganglia-cortex 
loops and to study the cortical aftereffects of subthalamic neurostimulation. 
(subproject 3, PI Alfons Schnitzler) 

• to characterize the expression of beta-oscillatory single and multiple unit activity 
within the subthalamic nucleus during the performance of simple isometric and 
voluntary alternating movements (subproject 4, PI Jens Volkmann) 

• to develop the first ‘closed-loop neurostimulation device’, which adjusts the 
stimulation amplitude to the magnitude of local beta-oscillatory activity (subproject 2, 
PI Alberto Priori) and will be able to provide „on demand“ neurostimulation. 

• to evaluate the effects of lesioning and stimulating the peduncolopontine nucleus on 
gait and balance in a rodent model of Parkinson’s disease (subproject 5, PI Philip 
Winn).  

This international collaboration has been the first attempt ever of linking disperse expertise in 
cellular physiology, behavioral neuroscience, clinical neurophysiology, bioengineering and 
clinical neurology to the common goal of better understanding and optimizing the effects of 
subthalamic neurostimulation in Parkinson’s disease. In addition to providing important 
methodological advances in studying DBS mechanisms, it has improved our understanding 
of the role of beta-oscillations in the pathophysiology of Parkinson’s disease and fostered 
continuing collaborations between the partners in order to transfer basic research results into 
the clinical application. 
 
This transnational research collaboration was funded by:  
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• Medical Research Council (MRC), UK 
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