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ABSTRACT 
 
The focus of this study is chronic low back pain. The subject is the method of assessing the level of pain experienced by a 
patient with chronic low back pain. The purpose is to develop a system for assessing the condition of the musculoskeletal 
system. The system is designed to distinguish the level of pain experienced by the participant of the investigation. The 
methods used in this research are electroencephalography (EEG) and electromyography (EMG).The idea explored in this 
study involves the combination of EEG and EMG recordings in order to determine the level of localized pain. During this 
research, a block diagram of the system for assessing the condition of the musculoskeletal system with pain level recognition 
was developed. The signal acquisition block of the EMG portion of this system was also developed. A literature review is also 
carried out to determine the viability of EEG in the study of pain signals. The possibilities presented by this system can be 
applied in rehabilitation therapy for patients recovering from issues relating to chronic low back pain. It can also be applied 
in clinical and hospital diagnosis of patients experiencing chronic low back pain to determine the level of pain they are 
experiencing. 
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I. INTRODUCTION 
 
Back pain is a common aliment that affects people of different classes and it differs in its intensity. The degree of pain 
associated with this condition ranges from mild irritation to chronic debilitating pain. 
Spine inflammation, chest tumors, disorder in the aorta and bone, muscle or ligament defects are some of the possible causes 
of back pain [1]. 
The International Association for the Study of Pain defines pain as an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage or described in terms of such damage [2]. 
According to the work conducted by M.E. Geisser, PhD (2007) it is estimated that 85% of back pain have no identifiable 
organic pathology. Therefore, it is a medical challenge to diagnose these conditions that are often referred to as ‘nonspecific 
pain’ or ‘chronic untraceable benign pain’ [3]. 
The existing methods of classifying the degree of back pain includes pain charts, x-ray, MRI or CT scans, nerve studies, 
blood tests, and bone tests. These methods can be used to identify the factors that cause the back pain. However, they are 
limited in adequately categorizing the degree of pain experienced by the patient. 
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Studies conducted on developing means to measure back pain have dealt majorly with the use of Surface Electromyography 
(SEMG), however there has been a constant challenge of getting a concrete measurement of the pain. SEMG involves the 
recording of the electrical impulses that are delivered to the muscles for motion. An example of SEMG application in the 
study of chronic back pain is contained in the work conducted by [4]. The procedure involved the SEMG investigation of the 
paravertebral muscles of test subjects (patients with chronic low back pain) matched to control group (healthy subjects), in 
terms of age, gender, height, weight etc. 
The SEMG of each subject was recorded during a fatigue test and the study notes the unreliability of the measurement of 
maximal strength as a shortcoming of all fatigue and electromyographic studies [4].  Experiments conducted in this direction 
prove to have uncontrollable variables. In some cases, the challenge is to isolate the signals relating to the pain experienced 
by the patient and the signals relating to the actual motion performed by the muscles. 
In addition to the challenges faced in this line of study, most of the research in pain assessment involves investigating the 
SEMG readings as the subject is exposed to various activities; activities aimed to cause fatigue to the muscles [5]. 
This direction of research places much stress on the patient experiencing pain and, in most cases, the pain would hinder the 
accuracy of the result. Using EEG in assessing the condition of the musculoskeletal system could possibly eliminate all the 
physical stress associated with chronic pain investigation and exclude all the factors that cause inconsistencies in the 
measurement. 
Furthermore, studies have also shown that quantitative electroencephalography is a relevant approach to assessing chronic 
pain. Therefore, the purpose of this research will be to determine the possibility of using EEG signals to assess the pain levels 
experienced by the subjects. Previous research in this direction has shown that there is a possibility of associating EEG 
measurements to the pain experienced by the participants of this study. A study conducted by [6], reports that there is an 
increase in alpha and theta EEG power related to chronic pain.  The study further highlights that quantitative EEG could be 
considered as an objective tool to identify specific characteristics of chronic pain conditions [6] Thus, this research aims to 
explore these possibilities. 
For the purpose of ensuring the practicality of this body of work, the following points will be the standards that will guide 
this project: 

i. the possible ways to detect (scientifically) when someone is in pain; with the focus being on EEG methods; 
ii.  the advancements in musculoskeletal pain detection with EEG signals; 
iii. the benefits that could be derived from using EEG signals to detect pain. 

These points listed above were noted by the researchers in the research community dedicated to the studies on neurology and 
related topics [4]. 
 
 

II. OVERVIEW AND ANALYSIS OF THE LITERATURE REVIEW 
 
 

 
2.1 History of pain research 
 
The research and topic of pain diagnosis has been present for a long period of time. The theories on pain analysis have been 
shaped on the bases of various factors which include geographical location, technological advancement, human psychology 
etc. There have been debates as to the nature of pain; whether it is an independent sensation or the product of dedicated 
neural mechanisms [7]. For the sake of clarity, it is necessary to note that the context of the pain assessment that will be 
studied in this project. The concentration is on actual physical pain experience as a result of a physiological defect, 
specifically, low back pain that is registered in the musculoskeletal system. Pain will always be a constant in the human 
existence. The human body was designed with the capability of pain registration. The experience of pain is a normal and 
protective measure built within the human system. While in some cases it is advantageous to the human health – to signal the 
area of the body that requires urgent treatment, it can also be disadvantageous when pain control is not possible. Therefore, 
the more that can be understood about pain; its origin, location, nature, and degree, the more effectively it can be monitored, 
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controlled, and possibly combated in extreme cases. Although this project seeks to target a specific location (lower back 
muscles) of the pain in the human body, the principles may be applied generally to the whole human body. 
There have been various approaches to the study of pain assessment. For example, when it comes to diagnosing back pain the 
physician would often begin by assessing the patient’s ability to perform certain actions (sitting, standing, leg lifts, walking 
etc.). The doctor would also ask the patient to rate the level of discomfort on a scale of 0 to 10. 
These procedures listed above are for the purpose of determining the origin of the pain and the degree to which normal 
movement is restricted by the pain being experienced. During these procedures, the physician is able to eliminate other 
serious causes of back pain, if necessary. 
 
2.2 Pain assessment with EMG 
 
The reading on the electromyography is a recording of the ‘firing up’ of motor units to generate force for movement. 
The signal picked up by the electrodes are amplified and filtered. The signal is then digitized for storage. Figure1 below 
shows an illustration of this. 
 

 
Fig. 1 – EMG Reading 
 
In the Figure 2 below, larger traces in the EMG reading can be observed. The greater the force required for movement, the 
greater the ‘firing up’ that is needed. This results in bigger EMG traces. 
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Fig. 2 – EMG reading with larger traces 
 
 
The amplitude in the graph is larger which means that more motor units are firing up. This illustrates the aforementioned 
principle that the more motor units fired up, the more electrical activity registered.  
To process an EMG signal, it is firstly rectified after which we obtain a graph with absolute values (non-negative values) of 
data points. This is illustrated by the second graph in Figure 3. The third graph (the bottom graph) in the Figure shows the 
result of a filtering process. 
 

 
Fig. 3 – Processing EMG signal 
 
 
Figure 4 below shows a graph depicting the muscle fatigue experienced by the subject during a prolonged firing up of motor 
units. As time elapses more motor units are recruited to sustain the required force. 
 
 
 
 
 



  
IJSAR Journal of Engineering and Computing (IJSAR-JEC)) 

ISSN: 2408-7653 
Volume 6, Issue 1(March, 2022), 52-68 

http://www.mdcjournals.org/ijsar-jec...html 
 

56 | P a g e  
IJSAR Journal of Engineering and Computing (IJSAR-JEC)  

ISSN: 2408-7653  
http://www.mdcjournals.org/ijsar-jec...html 

 

 
Fig. 4 – EMG depicting muscle fatigue 
 
 
As previously established, the presence of electrical signals in the core of the human network makes electrical study of pain 
by means of electromyography (EMG) possible. Electrical impulses are tiny electrical signals that carry the message to 
contract to the muscles. These electrical impulses are carried along motor nerves to the muscle. At the nerve ending the 
message is passed on and electrical activity then spreads across the muscle fibres. 
The following image in the Figure 5 below show the typical EMG procedure 
 
 
 

 
Fig. 5 – EMG procedure 
 
In other words, the electric potential originates from a chemical-electrical change propagated along the muscles and the 
difference in the electric potential between the two electrodes is the EMG signal. 
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With EMG it is possible to study this network of activity and the influence of pain on this activity. The reading on the 
electromyography is a recording of the ‘firing up’ of motor units to generate force for movement. 
Figure 6 below shows the procedure of recording EMG signals from the paravertebral muscles during muscle activity. 
 

 
Fig. 6 – EMG recording of back muscle activity 
 
An example of a study of pain conducted with SEMG is the test conducted by obtaining sEMG measurements of the subjects 
in static postures and dynamic movement (flexion-relaxation phenomenon), and a comparative study of the test results of 
healthy subjects versus patients suffering from back pain. 
The following sections highlight some more methods that have been applied in the study of pain level assessment with 
SEMG. 
 
2.2.1 Surface electromyography (SEMG) of the paravertebral muscles in patients with chronic low back pain (CLBP) 
 
The aim of this study by [4] was to investigate the differences in the electromyographic signals of healthy subjects versus 
patients with chronic low back pain (CLBP) by studying the SEMG during muscle fatigue. 
Considering the case of diagnosing low back pain, the following are points of interest; the challenges faced during the 
investigation: 

i. diagnosing the specific cause in the unclear 90% of all cases of CLBP; 
ii. correlating the clinical examination with the pain symptoms; 
iii. adequately capturing the pathoanatomy of the spine muscles with imaging techniques; 

Imaging techniques show abnormalities in the lumbar spine even in subjects without low back pain. 
This study deals with investigating pain in the paravertebral muscles by surface electromyography. For this study the 
following measures were taken in order to achieve consistent results: the control group (healthy subjects) were matched to the 
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test group (patients with CLBP) in terms of their physical attributes (age, gender, height, weight, BMI etc.), to reduce the 
influence of the differences in the SEMG that result from the group composition and concentrates on differences caused by 
the presence of CLBP; the median frequency of the power spectrum is investigated as opposed to other measureable variables 
of the power spectrum like the mean frequency or the peak frequency and by this a better study could be conducted on 
muscle fatigue; the weight used for the fatigue test was 60% of the maximum torque which was identified by a test conducted 
to determine the maximal voluntary contraction (MVC), as opposed to conducting the test with a uniform load, this way the 
individual capability of the subjects and the patients were taken into consideration. 
Figure 7 below illustrates the procedure for this investigation. 

 
Fig. 7 – Electromyographic procedure on the David Trainer 
 
 
The study notes the unreliability of the measurement of maximal strength as a shortcoming of all fatigue and 
electromyographic studies. The following are the possible reasons highlighted by the study for the inconsistency in the 
measurement of maximal strength and they can be divided into two causes: diagnosing the specific cause in the unclear 90% 
of all cases of CLBP; psychologic;  fear-avoidance – patients suffering from back pain tend to hesitate to exert themselves 
because of the fear they have of intensifying the pain; the actual pain – the pain that is experienced during the investigation 
also influences the measured results; physiologic – study has shown that patients with CLBP might suffer a deficit in motor 
control that results in inefficient muscular stabilization of the spine, which when considered could be factor that would hinder 
obtaining MVC. 
This study establishes the fact that there is indeed a difference between the electromyograms of the back muscles of patients 
suffering from back pain and patients that are fit. The former are characterized with less pronounced signs of fatigue during 
sub maximal endurance contractions. 
The study further stated that the differences are cause by the morphologic changes of the back muscles of patients with 
CLBP, such as selective type II fibre atrophy. The two causes of inconsistency in measurement of maximal strength should 
be taken into consideration as well [8]. 
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2.2.2 Surface electromyography (SEMG) and low back pain 
 
This study conducted by [3] involves the investigation of back pain through SEMG [3]. There are several methods to perform 
this test. SEMG tests can be collected during: 

i. static postures; 
ii. dynamic movements. 

However, this study notes that SEMG has a disadvantage of being prone to measurement artifacts such as impedance 
produced by the skin and is an inferior method to needle electromyography. 
As a solution to this drawback, the study also notes that normalization of the signals to a reference measurement taken from 
the same test subject to reduce these artifacts. 
The normalization methods included: 
using SEMG measurements at maximal contraction as a reference to calculate the SEMG levels at target movement as a 
percentage of the maximal contraction; 
FRR (flexion-relaxation ration), a quantitative measure of the flexion-relaxation phenomenon (FRP)  
This method includes taking SEMG measurements as the subject transitions from an upright standing position to a fully 
flexed position, holding the flexed position and then returning to an upright position. The results are compared with results of 
a healthy person. 
Evidence suggests that there is high SEMG activity during full flexion in persons experiencing LBP which hints that it is 
possible to identify the presence of LBP through SEMG. 
Figure 8 below illustrates the FRP study conducted on healthy subjects versus patients with low back pain. 
 

 
Fig. 8 – Study of the flexion-relaxation phenomenon 
 
The FRR is calculated by dividing the maximum SEMG at full flexion by the average SEMG during flexion. The 
characteristics of a person with LBP is a low FRR ratio. It is possible to challenge this study with the fact that patients with 
LBP have a limited range of motion, however, it is noted in this review that that paraspinal relaxation begins when a person 
obtains 40˚ of flexion which most suffering from LBP are able to achieve. 
Further study would involve researching the validity/utility of FRR as an objective marker for LBP, considering the factor of 
pain-related fear being a limiting agent in obtaining accurate readings of SEMG during flexion and extension. 
 
2.2.3 Lumbar muscle fatigue and recovery. Evaluation of electromyography in patients with long-term low-back pain and in 
healthy subjects (Doctoral Dissertation). 
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This study conducted by B. Elfving highlighted that only about 15% of patients seeking for treatment for low back pain get a 
well-defined diagnosis [5]. 
The problem noted by the study was that when dealing with low back pain there is a weak association between the symptoms 
and diagnostic results. 
Physical impairment and a limitation in activity proves to be a more accurate means of in assessing patients with low back 
pain that is categorized as non-specific low-back disorder. 
Another existing method of diagnosing back pain is the classification of the patients according to the duration of the pain. 
Pain is a symptom not a diagnosis or an illness.  
 
2.2.3.1 Fatigue 
 
Muscle fatigue can be characterized by an inhibition in the chain of electrical and biochemical events that take place from the 
brain to the muscle fiber. 
Central Fatigue 
A decline in the activation by the central nervous system which results in less firing rate and motor units being recruited. 
This is verified when force loss can be restored through electrical stimulation of muscles during MVC.   
Peripheral Fatigue 
This fatigue is in the motor units – this is exhibited by their inability to adequately propagate the action potential along the 
muscle fibers. 
 
2.2.3.2Muscle fibers 
 
The muscle fibers in the human body can be categorized by the following types: 
Type I – slow, oxidative and fatigue resistant 
Type II – predominantly activated at higher force levels (consists of type IIA, fatigue resistant and type IIX, fast fatigable)  
In both men and women, back muscles fibers are predominantly type I fibers (54-73%), being that type I muscle fibers have a 
higher presence in muscles with postural function. 
This study points out that there are no conclusive answers to the issues of the morphing of back muscles in patients with low 
back pain. 
In patients with long-term back pain, it has been discovered that there is an atrophy in type II fibers. The reason being that 
there would be a tendency of avoidance of strong back muscle contraction due to the pain associated with the activity. 
 
2.2.4 Shortcoming of EMG in pain study 
 
The predominant drawback in the use of SMG (surface electromyography) in general, is the fact that the measurements are 
very prone to artifacts (misleading data as a result of the measurement procedure). As a result of this several methods are 
employed to reduce measurement artifacts.  
Studies conducted on developing means to measure back pain have dealt majorly with the use of surface electromyography 
(SMG), however there has also been a constant challenge of getting a concrete measurement of the pain.  
Surface electromyography involves the recording of the electrical impulses delivered to the muscles for motion. 
In other studies conducted with EMG to diagnose the pain level, there are some challenges that are continuously being faced 
which raise doubts about the future possibilities of success in this direction. Some of these challenges are; obtaining an 
accurate representation of the pain in the EMG recording. In most cases just the electrical activity caused by the motor 
neurons in the muscles of the pain patients during motion or static posture is studied and compared to healthy subjects. This 
does not provide a concrete representation of pain; often there are psychological factors (fear-avoidance) that hinder the 
accuracy of the EMG measurements in cases where the subjects must undergo dynamic movements for the test; there are also 
physiologic factors which would be present in patients who have impairment in movement caused by defects in their 
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musculature. This would present some challenges in EMG studies; isolating the physiologic variables from the tests results in 
order to obtain accurate pain representation. 
In addition to the challenges faced in this line of study, most of the research in pain assessment involves investigating the 
SEMG readings as the subject is exposed to various activities; activities aimed to cause fatigue to the muscles [9]. 
 
2.3 Use of EEG in pain study 
 
Electroencephalography (EEG) is the monitoring of the electrical properties of biological cells and tissues 
(electrophysiology) of the brain’s electrical activity. Typically it is a non-invasive procedure which involves placing 
electrodes along the scalp. 
The voltage fluctuations resulting from the ionic currents in the neurons within the brain are measured by EEG. The EEG 
procedure is illustrated in the following figures 9 and 10. 
 

 
Fig. 9 – Electroencephalography procedure 
 

 
Fig. 10 – Recording of the EEG signal 
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Going by the principle of EEG measurement, it is evident that it is a logical direction for pain assessment. 
Although there are technological limitations of the study, these limitations will likely reduce with the advancement in 
technology; therefore, it is safe to say that the future holds promise. The better the technology used in the EEG measurement, 
the more chance there will be in obtaining a visual representation of the pain signals that are being processed by the brain. 
The challenge in this study will be to isolate the pain signals from the multitudes of electrical signals present in the brain; 
however studies with the EEG direction seem to hold promise. 
Using EEG in assessing the condition of the musculoskeletal system could possibly eliminate all the physical stress 
associated with chronic pain investigation and exclude all the factors that cause inconsistencies in the measurement. 
Furthermore, studies have shown that quantitative Electroencephalography is a relevant approach to assessing chronic pain. 
Therefore the purpose of this project will be to determine the possibilities of using EEG signal to assess the pain levels 
experienced by the subjects before and after therapy. 
Past research in this direction has given a hint of promise that there is a possibility of associating EEG measurements to the 
pain experienced by the participants of this study. Already there are strides to incorporate in the use of EEG in pain studies 
and this project aims to explore these possibilities. 
However, the following sections give a brief synopsis of some of such investigations, in no specific order. 
 
2.3.1 EEG patterns in chronic pain. A systematic review of the literature 
 
A study conducted by [6] gives an indication that there is an increase in alpha and theta EEG power which can be related to 
chronic pain. 
The study further highlights that quantitative EEG could be considered as an objective tool to identify specific characteristics 
of chronic pain conditions. 
The aim of this research was to review and summarize the recent findings on electroencephalographic patterns in individuals 
with chronic pain. This was done in order to determine if there are patterns of EEG activity in individuals experiencing 
chronic pain and to know if EEG can be used for diagnosis of chronic pain.  
It was noted that increased theta power in patients with neuropathic pain was recorded in four out of six studies. The 
following conclusions were reached. 
Increased alpha and theta power at spontaneous EEG, as well as low amplitudes of ERP (event-related potential) during 
various stimuli, are perceived to be clinical characteristics of individuals with chronic pain. The decrease in the inhibition of 
the thalamus which is linked to increased spikes of the neurons at 4Hz. This increase is noted as the source of the increase of 
the theta power and is a phenomenon that is referred to as Thalamocortical Dysrhythmia (TCD); quantitative EEG can be a 
simple and objective tool used to study the mechanisms of chronic pain. It can also be used to identify specific characteristics 
of chronic pain conditions and provide adequate insight to the possible therapeutic approaches; further study is required to 
ascertain the adequacy of the use of QEEG (quantitative EEG) as an effective marker for diagnosis [5]. 
 
2.3.2 Pain ratings, psychological functioning and QEEG in a controlled study of CBP patients 
 
The objective of this work was to determine if a TDC (Thalamocortical Dysrhythmia) pattern could be observed in patients 
with moderate chronic back pain, and also a comparison was made between the patients with neuropathic and non-
neuropathic pain components. 
The work also involved a study to determine whether the strength of the TCD EEG-related markers had any correlation with 
psychological symptoms and pain ratings.  
The study was designed as a controlled clinical trial matching healthy subjects with pain patients according to age and 
gender. The methods used in the execution of this study involved spontaneous recording of EEG in 37 back pain patients and 
37 healthy subjects. 
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The results of this study noted that while it was not possible to observe a statistically significant TCD effect in the EEG data 
of the whole patient group, correlations between pain ratings, psychopathology and EEG power and peak frequency give 
some support to the TCD concept [8]. 
 
2.3.3 Evaluation of the pain matrix using EEG source localization. A feasibility study 
 
Neuroimaging research literature notes that increased cerebral blood flow and metabolism is consistent in with increased 
neuronal activity in the structures that comprise of the Pain Matrix. 
In other words, there is a correlation between the neuronal activities in the structures in the brain that process pain signals and 
the cerebral blood flow. These two parameters (neuronal activity and cerebral blood flow) increase. 
The aim of this research was to demonstrate the feasibility of using quantitative electroencephalography to reflect and 
measure the activity in the pain matrix.  In other words, the possibility of using QEEG to measure pain activity in the brain. 
This study involved the recording and analysis of patients with neuropathic pain before and after pain reduction. 
The result of this experiment showed that there was a decrease in the activation of the pain regions (thalamus, somatosensory 
cortex, anterior and posterior insula, medial and lateral prefrontal cortex and cingulate) of the brain when the pain 
experienced by the patient was reduced. 
The study concludes that quantitative electroencephalography (QEEG) may be a useful tool in studying and quantifying pain 
matrix of a patient in a clinical setting [9]. 
 
2.4 Proposed idea for pain assessment  
 
As noted earlier, studies have shown that there is a possibility of predicting another individual’s pain sensitivity with an 
accuracy of 83%. 
In the current studies for diagnosing back pain conducted with EMG, the EMG measurements are taken while patient goes 
through exercises. However, with the proposed idea, this project incorporates EEG recordings with the test in order to 
determine when the patient is experiencing pain during the exercise. 
With this success of this proposition it would be possible to determine if there is an improvement in the therapy process. 
 
 

III.  DEVELOPMENT OF STRUCTURAL DIAGRAM OF SYSTEM FOR ASSESSING THE 
CONDITION OF THE MUSCULOSKELETAL SYSTEM WITH PAIN LEVEL CONTROL 

 
The functional diagram presented in the figure 11 below illustrates the proposed system for assessing the condition of the 
musculoskeletal system with pain level control. 
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Fig. 11 – Functional diagram of the system for assessing the condition of the musculoskeletal system with pain level control 
 
 
The functional diagram can be decomposed further with the several units designated for the functions illustrated in the above 
figure. 
Figure 12 shows the structural diagram of the proposed system for assessing the condition of the musculoskeletal system with 
pain level control. 
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Fig. 12 – Structural diagram of system for assessing the condition of the musculoskeletal system with pain level control 
 
3.1 Description of functional diagram 
 
3.1.1 Signal from EEG and EMG electrodes 
 
For both the EEG and EMG signals, it is necessary to use a system of electrodes to sense the electrical activity of within the 
brain and muscles, respectively. To record the EEG signals electrodes (usually worn in a cap) are placed on the scalp of the 
subject. Though there are various types of electrodes (disposable, reusable disc electrodes, electrode caps and needle 
electrodes), the optimum choice of electrodes would be one that would be durable to withstand the rigors of the patient’s 
movement as motions are carried out. The choice electrode should be able to remain attached to the subject and provide 
adequate reading. 
 
3.1.2 Sensors 
 
The EEG electrode is an active electrode characterized by high input impedance which reduces the input noise. It also 
combines band pass filtering, amplification and analogue to digital conversion. 
The following are the specifications of the circuit: 
 
Frequency range – 1-100 Hz 
 
2 muVRMS at 0.2mm distance and 17 muVRMS at 3.2mm distance 
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An active electrode has the advantage that it can be used without application of gel or skin preparation. As a result of its high 
input impedance the power frequency noise uptake is minimal. 
The surface EMG Sensor, SX230, which is designed to operate with an amplifier input impedance of more than 10 000 000 
MΩ, is an ideal sensor because little or no skin preparation nor any gel is required [10]. 
 
3.1.3 EEG and EMG signal acquisition and amplification 
 
The main function of the electrodes is to convert the biopotential signals into electrical signals that can be processed and 
analysed.  
However, after the conversion it is necessary that measures are taken to preserve the integrity of the electrical signal. The 
constant presence of noise is a problem that must be taken into consideration when acquiring the EEG and EMG signals.  
In this stage, the focus is to ensure the preservation of the signals obtained from the electrodes (EEG and EMG) by limiting 
the noise content (artifacts) recorded with the signal and amplifying the desired components that are being measured 
(converted biopotential signal). 
 
3.1.4 Signal processing. Filtering 
 
Filtering is a process whereby the noise components are stripped away from the desired signal by excluding the frequency 
bands of the noise as the signal transitions from one stage the next. 
The amplitude of the EEG signal ranges around 10-200µV and when measured on the scalp, it ranges between 1mV and 
2mV. The bandwidth of the signal is from under 0.5Hz to about 40Hz. The waveform of the signal is classified into five 
different frequency bands: 
 
delta (0.5-4Hz); 
theta (4-8Hz); 
alpha (8-14Hz); 
beta (14-30Hz); 
gamma (>30Hz) [22]. 
 
EMG signals are stochastic (random) in nature and can have an amplitude ranging from 0 to 10 mV (peak-to-peak) or 0 to 1.5 
(rms). The range of usable energy in the signal is from 0 to 500Hz with a dominance in the 50-150Hz frequency range. 
 
3.1.5 Lead selector. Multiplexer (MUX) 
 
The lead selector section of the system is responsible for obtaining the EEG signals from the electrodes. It provides a means 
by which the signals in the channels can be applied to the system. 
The EEG recording provides several inputs, therefore, in order to process the entirety of the inputs, it is necessary to have a 
device that would couple the signals; a device such as a multiplexer (MUX). 
 
3.1.6 ADC (analogue-to-digital conversion) 
 
The function of this portion of the system is to convert the analogue signal into a digital signal for storage and analysis. The 
EEG produces analogue signals however in order for the signals to be analysed and stored it is necessary that the signals are 
converted to digital signals that the computer can process. With the conversion to a digital signal it is possible to perform 
real-time analysis of the signal. 
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3.1.7 Computer 
 
A computer module is used to house the interface that controls the system. It would have programs such as MatLab to 
analyse the EEG and EMG signals. A superposition (combining of the signals in a single set of axis) of the signals will be 
done by the computer. 
The computer would also provide a means to store the signals in a database for further analysis. 
 
3.1.8 Feature extraction from EEG and EMG 
 
After obtaining the desired signal from the filtering process, it is necessary to extract the desired feature from the signal. For 
the EEG and EMG signal analysis in pain assessment, the emphasis of the study is on the spectral analysis. 
Therefore, it is necessary to manipulate the signal and focus on the important elements. 
 
3.1.9 Superposition of signals (EEG & EMG) for analysis and display of results 
 
This block of the system involves using computer software such as MatLab to combine the signals into one graphic window 
(same axis and scale if possible). 
After extracting the necessary features from the EEG and EMG signals, the result is graphically represented on the same set 
of axes. From this it would be possible to investigate both signals and determine the correlation of the results if there are any. 
 
3.1.10 Explanation of system 
 
The EEG and EMG signals are the inputs of this system. The will be acquired from the subjects from the electrodes placed on 
the head and on the back. As the signals are picked up they would be processed by the system of pre-amplification, 
amplification and filtering. After which the signals would be available at the channels of the multiplexer. 
With the use of the control unit each channel desired by the operator can be analysed (extraction of the features) and the 
stored through the computer module. The signals will be combined into one window through which it would be possible to 
observe the correlation of the signals. 
 
 
IV. CONCLUSION 
 
In the first stage of this study, a literature review was conducted on the research topic. Majority of the research material was 
retrieved from online sources and journal publications.  The subject of these materials were on the current methods of back 
pain diagnosis, the studies conducted using EMG as a means to investigate low back pain and the possibility and credibility 
of using EEG and EMG as tools to analyse and quantify the pain response of the neurological and musculoskeletal system. In 
this section it was determined that there is indeed a possibility of associating the EEG signals of a patient with the degree of 
pain experienced by a subject. 
Therefore, it is safe to theoretically conclude that the combined application of EEG and EMG to the assessment low back 
pain as a means of control has its advantages. 
In the second stage of this project, a functional and structural diagram was constructed of the system for assessing the 
condition of the musculoskeletal system with pain level control. In this section, a block diagram of the system was created, 
which identified the different stages and units that such system could be comprised of. 
The main idea behind the system is a combination of the existing methods of the EEG and EMG methods into one system 
through which investigations can be carried out on a subject. 
In this project, the implications of using EEG and EMG in study the pain of response of the musculoskeletal system has been 
determined. Therefore, it is possible to conclude that this method of pain assessment and pain level control has its merits. 
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Thus, this system could be applied in therapeutic procedures for chronic low back pain patients before and after treatment to 
determine if there are any improvements in the therapy process. 
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