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Abstract-In recent years the authors have developed what appears to be 

a very successful phenomenological model for analyzing the role of deep 

brain stimulation (DBS) in alleviating the symptoms of Parkinson's 

disease. In this paper, we extend the scope of the model by using it to 

predict the generation of new frequencies from networks tuned to a 

specific frequency, or indeed not self-oscillatory at all. We have discussed 

two principal cases: firstly where the constituent systems are coupled in 

an excitatory-excitatory fashion, which we designate by "+/+"; and 

secondly where the constituent systems are coupled in an excitatory-

inhibitory fashion, which we designate "+/-". The model predicts that from 

a basic system tuned to tremor frequency we can generate an unlimited 

range of frequencies. We illustrate in particular, starting from systems 

which are initially nonoscillatory, that when the coupling coefficient 

exceeds a certain value, the system begins to oscillate at an amplitude 

which increases with the coupling strength. Another very interesting 

feature, which has been shown by colleagues of ours to arise through the 

coupling of complicated networks based on the physiology of the basal 

ganglia, can be illustrated by the root locus method which shows that 

increasing and decreasing frequencies of oscillation, existing 

simultaneously, have the property that their geometric mean remains 

substantially constant as the coupling strength is varied. We feel that with 

the present approach, we have provided another tool for understanding the 

existence and interaction of pathological oscillations which underlie, not 

only Parkinson's disease, but other conditions such as Tourette's 

syndrome, depression and epilepsy.  

Index Terms-Deep brain stimulation, Parkinson's disease, control 

theory, oscillation suppression, computational model  

I. INTRODUCTION 

ARKINSON'S disease is a progressive and debilitating

neuroLogicaL condition. It is characterized by a Loss of the 

neurotransmitter dopamine from the substantia nigra pars 

compacta region of the brain. Dopamine plays a role in the 

control of movement, and its depletion leads to a number of 

hallmark motor symptoms of the disease including bradykinesia, 

akinesia, rigidity and tremor. Correlation between these motor 

symptoms and abnormal pathological activity recorded from the 

cortico - basal 

ganglia region of Parkinsonian patients in the form of local field 

potentials (LFPs) has been observed. This activity is typically 

recorded as an increase in spontaneous firing rate and periodic 

oscillatory activity [1], [2], [3]. Oscillations ranging from 

frequencies below 7Hz [4], [5], [6] up to about 300 Hz [7], [8] have 

been recorded . In particular, a correlative link has been established 

between bradykinesia and rigidity and pathological oscillatory 

activity in the beta band (15-30 Hz) [9], [10], as well as a 

relationship between limb tremor and oscillatory activity in the 

tremor range (3-10 Hz) [11]. It is hypothesized that this 

pathological activity arises from the loss of segregation within the 

different nuclei of the basal ganglia network [12], and that this may 

occur as a result of the loss of dopamine associated with 

Parkinson's disease [13]. Drug treatments which aim to either 

replenish the level of dopamine or mimic its action are successfully 

used to treat Parkinson's disease in the early stages. However as 

the disease progresses, drug therapy is often no longer enough to 

control the symptoms of the disease. 

Deep brain stimulation (DBS) is an established and effective 

method of treating the symptoms of medically refractive 

Parkinson's disease [14], amongst other neurological and 

psychological disorders. Effective targets for the application of 

DBS in Parkinson's disease include the subthalamic nucleus 

(STN), the globus pallidus pars interna (GPi), the globus pallidus 

pars extern a (GPe) and the pedunculopontine nucleus (PPN). DBS 

suppresses the pathological neural activity [10], [15], with an 

improvement in the motor symptoms also occurring, although a 

direct causal link has yet to be established. 

In [16], [17], a computational model of Parkinsonian 

pathological oscillatory activity and its suppression with the 

application of high frequency stimulation is presented. The model 

is a macroscopic neural-mass type model and aims to capture the 

key features of a synchronized group of neurons in a 

mathematically tractable manner. The model has been shown to 

produce theoretical results that provide a fit in close agreement 

with clinical data published in [14], [18] and also provided by the 

University of Oxford. 

In this study, the model presented in [16] is used as the basis 

with which to explore the oscillatory activity in self-oscillating and 

non-self-oscillating coupled Loops. 
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