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From healthy to pathology through a fall in dynamical complexity of involuntary oscillations 

of the human hand 

O.E. Dick  

Pavlov Institute of Physiology of Russian Academy of Science, nab. Makarova, 6, 199034, St. 

Petersburg, Russia  

Abstract  

The task is to estimate quantitative features in involuntary oscillations of shaking (tremor) of fingers 

accompanied the performance of the motor task by healthy subjects, patients with Parkinson’ 

disease and individuals with the essential tremor. For solving the task the tremor patterns are 

examined by the wavelet-transform modulus maxima method and the recurrence quantification 

analysis. The physiological tremor is characterized by the minimal energy of the wavelet spectrum, 

the maximal degree of multifractality, the minimal degree of determinism and the maximal 

recurrence time density entropy, reflecting the greatest uncertainty of the period value. During the 

essential tremor the significant enhancement of the wavelet spectrum energy and the decrease of the 

dynamical complexity of involuntary oscillations are observed. It is evident as the fall in the 

multifractality degree, the growth of determinism in recurrence plots, the decrease of the recurrence 

time density entropy and the emergence of unstable periodic orbits in involuntary oscillations. For 

the parkinsonian tremor all the trends are enhanced that lead to more definite dynamics of patterns. 

Therefore, our results demonstrate that the dynamical complexity of patterns of involuntary 

oscillations decreases in larger degree for Parkinson’ disease, than for patients with the syndrome of 

the essential tremor, that is, it declines with increasing the severity degree of motor disorders. The 

results obtained for the first time can be applied for evaluating the degree of deviation of the motor 

function from the healthy one. 
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1. Introduction 

Tremor, defined as rapid involuntary oscillations of parts of the human body, is a motor 

phenomenon found both in normal individuals and in sick subjects [1]. Tremor may result from 

different reasons and sources but it is important that these involuntary oscillations (physiological 

tremor) have small amplitude under normal conditions and do not impair motor performance [2]. 
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