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Abstract: Nowadays, assessment of pain and its control is 

emerging task that needs to be done by measuring physio-

pathological signal. Electroencephalogram (EEG) signal is 

found as a most reliable means to extract and assess the 

proper management of hypnosis state of patient including 

during surgery and other pain inducing for people under 

controlled anaesthesia, under chronic pain, epileptic seizure 

etc. Five health male volunteers will be studied for the pain 

assessment and characterization where, EEG would be 

recorded during different session of normal and pain induced 

at different stances. During the study subjects would be given 

pain on Lunula region of finger for 5 seconds each. EEG 

recording would be performed from Central region of Brain 

using 10-20 EEG electrode system. Four different identified 

EEG parameters i.e. Mobility, Complexity (Hjorth 

parameters) and Shannon entropy will be computed for both 

sessions. 
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INTRODUCTION: 

Pain, as defined by the International Association for the 

Study of Pain (IASP), is “an unpleasant sensory and 

emotional experience associated with actual or potential 

tissue damage, or described in terms of such damage”. [1]   

There is no direct technique available to measure the pain 

in rodents and create a need to develop or to search out 

some alternative medium to quantify and evaluate it. [2] 

However, Pain is associated with the activation of brain 

areas including the somatosensory, insular, cingulate, and 

prefrontal cortices, the thalamus, subcortical areas, and the 

brainstem [3]. Oscillations of the pain can be seen in 

different frequency range from slow fluctuations below 0.1 

Hz via theta (4–7 Hz), alpha (8–13 Hz), and beta (14–29 

Hz) to gamma (30–100 Hz) oscillations [4-11]. 

Besides, an increase in neuronal activity and cerebral blood 

flow in the Pain Matrix has been reported to be associated 

with  

pain. Moreover, some of these regions have been shown to 

encode pain intensity. [12] Evaluation of EEG during pain 

condition make it essential to analyse it frequency as well 

as time domain.  An EEG signal has a non-stationary 

property and its frequency feature also varies from 

individual to individual. Thus, we can infer that each 

subject has one’s own dominant timing and frequency band 

for extracting distinguishable features. [13]   There are 

several techniques available to compute the parameter in 

frequency as well as time domain. Among the available 

computation method Hjorth parameter analysis is a simple 

computation technique to extract the information from EEG 

Signal in time and frequency domain both. [14-15] 

Therefore, to find out the dominant frequency band and 

time related information, we used Hjorth and Shannon that 

helps in extracting the high informative features of EEG. . 

Then, the feature is used for classification. In this 

preliminary study, a comparative analysis was carried out 

to differentiate between normal and painful condition.  

METHODOLOGY: 

 This study was carried out at Department of Biomedical 

Engineering, Shobhit University, and Meerut. Only five 

healthy male volunteers were selected after taking the 

informed consent and explaining the procedure. EEG was 

recorded five time for each individual to maintain the 

accuracy of the results during pain and normal condition 

then averaged. EEG was recorded using BIOPAC MP 36 

system from central region of the brain. During study 

subjects were instructed lay down on the bed in supine 

position with closed eye in relaxed stage to avoid the 

external stimulus. Pain was induced by pinching stimulus 

on finger at the lunula region. Recording was started as 

soon as the subject received the pain stimulus.   

At first, disposable EEG electrodes were connected to the 

central region of brain with central channel for signal 

acquisition and amplification using Nasion as reference. In 

order to find the various parameters a program in Matlab 

has been developed which digitized the values of all 

parameters, that could be further used for comparison and 

variation between normal and pain condition. Comparative 

analysis of EEG was done under normal and pain 

conditions. EEG was recorded for every subject in two 

sessions: 

 
Pain induced through lunula region of finger 

(http://darkerebus.blogspot.in/2011/04/lunula.html) 

 

Features/Parameters for Pain Assessment: 

The Hjorth parameters introduced by Hjorth (1970), of 

EEG signal x(t)are defined as follows [8]:  
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Activity = var (x(t)) 

( )
( ) / ( ( ))
dx t

Mobility activity activity x t
dt

=
 

( ( ) / ) / ( ( ))Complexity mobility dx t dt mobility x t=  

Where Activity is denoted as the signal power, mobility 

for mean frequency and complexity as the change in 

frequency or bandwidth of the signal. The first parameter, 

i.e. activity represents squared standard deviation of the 

signals amplitude. Mobility is defined as the square root of 

the ratio of the activity of the first derivative of the signal 

to the activity of the original signal. The third parameter, 

complexity, is defined as the ratio of mobility of the first 

derivative of the signal to the mobility of the signal itself. 

The computational cost of this technique is very less as it 

used variance to find the three parameters [16].  

The Shannon entropy can be described in terms of the 

temporal distribution of signal energy in a given time 

window. The entropy H of a discrete random variable X 

with possible values {x1,…,xn} is H(X) =E (I(X)), where E 

is the expected value and I is the information content of X.  

The entropy H(X) of X is defined as 

( ) ( ) log ( )b

x X

H X p x p x


= − (4.13) 

Where, b is the base of the logarithm used and p is the 

probability distribution function of x. The logarithm is 

usually taken to base 2 in which the entropy is measured in 

‘bits’. The entropy of a random variable reflects the degree 

of disorder that a variable possesses. The more uncertain 

the variable, the greater is its entropy [17]. 

The wavelet toolbox was used to determine the 

Shannon entropy. The wentropy function was used to 

obtain the Shannon entropy to obtain the necessary features 

from the pre-processed EEG signals. The total feature size 

obtained is 2 combining both the electrodes. 

RESULTS AND DISCUSSION: 

Table 1 is indicates Hjorth parameters (Activity, 

Complexity and Mobility) analysis for all five subjects.  

Results show considerable changes during pain stimulus 

thereby distinguishing it from the normal EEG data.  For 

all subjects Activity decreases during pain stimulus. 

Mobility and Complexity changes are subject specific 

showing great inter-individual variability. 

 

 

 

 

 

Table 1 Hjorth Parameter Analysis 

 

Table 2 is showing the results for Shannon Entropy 

Analysis and indicate that for most of the subjects there is a 

rise in information content in the EEG signal corresponding 

to pain stimulus thereby indicating higher complex mental 

functions activity. 

Table 2 Shannon Entropy Analysis 

 
 

Our analysis shows good discriminating ability between the 

normal and pain groups using complexity and mobility. 

The higher complexity and mobility values observed in 

pain shows the novelty of the results that can be further 

helpful for the clinicians in pain analysis and to correlate it 

with EEG.  It also reduces the complexity of the analysis. 

However sample size shows the limitation of our study and 

it further need to validate this procedure using large sample 

size and to record the EEG from other regions of the brain 

and corresponds them with EEG.   

 

On the basis of the Results, it was observed that during 

acute pain the complexity of EEG increased. This EEG was 

distinctly different from EEG in normal individuals. 

Thereby, we conclude Non-linear estimation of EEG 

parameters is also helpful to analyse the behaviour of the 

signal and it can be utilized  to study the difference 

between  acute and chronic pain .  
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