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ABSTRACT: Movement of the muscles in human being is only due to electrical signal transmitted from brain & the intensity of movement is totally dependant on positive amplitude if the electrical pulses, same voltages can be measured and studied in pathology for normality and abnormality of the signal for particular part of the body. In a present document we processed the signal for abnormal muscles to relate the pain and other abnormalities, which gives the opposite strength of contraction and relaxation for abnormal muscles. Initially we process for limb and small muscles so that there will not be any adverse effect.
INTRODUCTION:-
Movement and position of limbs are controlled by electrical signals traveling back and forth between the muscles and the peripheral and central nervous system. When pathologic conditions arise in the motor system, whether in the spinal cord, the motor neurons, the muscle, or the neuromuscular junctions, the characteristics of the electrical signals in the muscle change. Careful registration and study of electrical signals in muscle (Electromyograms) can thus be a valuable aid in discovering and diagnosing abnormalities not only in the muscles but also in the motor system as a whole. Electromyography (EMG) is the registration and interpretation of these muscle action potentials Until recently, Electromyograms were recorded primarily for exploratory or diagnostic purposes; however, with the advancement of bioelectric technology, Electromyograms also have become a fundamental tool in achieving artificial control of limb movement, i.e., functional electrical stimulation (FES) and rehabilitation. This chapter will focus on the diagnostic application of Electromyograms. [Ref-01]

Since the rise of modern clinical EMG, the technical procedures used in recording and analyzing Electromyograms have been dictated by the available technology. The concentric needle electrode introduced by Adrian and Bronk in 1929 provided an easy-to-use electrode with high mechanical qualities and stable, reproducible measurements. Replacement of galvanometers with high-gain amplifiers allowed smaller electrodes with higher impedances to be used and potentials of smaller amplitudes to be recorded. With these technical achievements, clinical EMG soon evolved into a highly specialized field where electromyography’s with many years of experience read and interpreted long paper EMG records based on the visual appearance of the Electromyograms. Slowly, a more quantitative approach emerged, 
where features such as potential duration, peak-to-peak amplitude, and number of phases were measured on the paper records and compared with a set of normal data gathered from healthy subjects of all ages. In the last decade, the general-purpose rack-mounted equipment of the past have been replaced by ergonomically designed EMG units with integrated computers. Electromyograms are digitized, processed, stored on removable media, and displayed on computer monitors with screen layouts that change in accordance with the type of recording and analysis chosen by the investigator. With this in mind, this chapter provides an introduction to the basic concepts of clinical EMG, a review of basic anatomy, the origin of the Electromyogram, and some of the main recording procedures and signal-analysis techniques in use many researchers has been shown and analyze the waveform of EMG signal for normal and abnormal muscle . we provided a new idea for  abnormal muscle and to minimize the pain by providing exactly opposite signal to that of abnormal EMG signal. (Ref- 2&3)
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FIG-A

I) The Structure and Function of Muscle:-

Muscles account for about 40% of the human mass, ranging from the small extra ocular muscles that turn the eyeball in its socket to the large limb muscles that produce locomotion and control posture. The design of muscles varies depending on the range of motion and the force exerted (Fig. A). In the most simple arrangement ( fusiform ), parallel fibers extend the full length of the muscle and attach to tendons at both ends. Muscles producing a large force have a more complicated structure in which many short muscle fibers attach to a flat tendon that extends over a large fraction of the muscle. This arrangement ( unipennate ) increases the cross-sectional area and thus the contractile force of the muscle. When muscle fibers fan out from both sides of the tendon, the muscle structure is referred to as bipennate. A lipid bilayer ( sarcolemma ) encloses the muscle fiber and separates the intracellular myoplasma from the interstitial fluid. Between neighboring fibers runs a layer of connective tissue, the endomysium, composed mainly of collagen and elastin. Bundles of fibers, fascicles, are held together by a thicker layer of connective-tissue called the perimysium. The whole muscle is wrapped in a layer of connective tissue called the epimysium. The connective tissue is continuous with the tendons attaching the muscle to the skeleton. In the myoplasma, thin and thick filaments interdigitate and form short, serially connected identical units called sarcomeres.

Numerous sarcomeres connect end to end, thereby forming longitudinal strands of myofibrils that extend the entire length of the muscle fiber. The total shortening of a muscle during contraction is the net effect of all sarcomeres shortening in series simultaneously. The individual sarcomeres shorten by forming cross-bridges between the thick and thin filaments. The cross-bridges pull the filaments toward each other, thereby increasing the amount of longitudinal overlap between the thick and thin filaments. The dense matrix of myofibrils is held in place by a structural framework of intermediate filaments composed of desmin, vimetin, and synemin [Squire, 1986].[ 2&3]

At the site of the neuromuscular junction, each motor neuron forms collateral sprouts (Fig. B) and innervates several muscle fibers distributed almost evenly within an elliptical or circular region ranging from 2 to 10 mm in diameter. The motor neuron and the muscle fibers it innervates constitute a functional unit, the motor unit. The cross section of muscle occupied by a motor unit is called the motor unit territory (MUT). A typical muscle fiber is only innervated at a single point, located within a cross-sectional band referred to as the end-plate zone.

While the width of the end-plate zone is only a few millimeters, the zone itself may extend over a significant part of the muscle. The number of muscle fibers per motor neuron (i.e., the innervation ratio) ranges from 3:1 in extrinsic eye muscles where fine-graded contraction is required to 120:1 in some limb muscles with coarse movement [Kimura, 1981]. [4]
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The fibers of one motor unit are intermingled with fibers of other motor units; thus several motor units reside within a given cross section. The fibers of the same motor unit are thought to be randomly or evenly distributed within the motor unit territory; however, reinnervation of denervated fibers often results in the formation of fiber clusters(Ref.-4)

II) The Origin of Electromyograms

Unlike the myocardium, skeletal muscles do not contain pacemaker cells from which excitations arise and spread. Electrical excitation of skeletal muscle is initiated and regulated by the central and peripheral nervous systems. Motor neurons carry nerve impulses from the anterior horn cells of the spinal cord to the nerve endings, where the axonal action potential triggers the release of the neurotransmitter acetylcholine (Ach) into the narrow clefts separating the sarcolemma from the axon terminals. As Ach binds to the sarcolemma, Ach-sensitive sodium channels open, and miniature end-plate potentials arise in the sarcolemma. If sufficient Ach is released, the summation of miniature end-plate potentials, i.e., the endplate potential, reaches the excitation threshold, and sarcolemma action potentials propagate in opposite directions toward the tendons. As excitation propagates down the fiber, it spreads into a highly branched transverse network of tubules (T system) which interpenetrate the myofibrils. The effective radial conduction velocity (~4 cm/s) is about two orders of magnitude slower than the longitudinal conduction velocity (2 to 5 m/s). This is due to the fact that the main portion of the total membrane capacitance is located in the T system and that the lumen of the T system constitutes a higher electrical resistance than the myoplasma.

The slower tubular conduction velocity implies an increasingly delayed onset of tubular action potentials toward the center of the fiber relative to that of the sarcolemmal action potential (Fig.C). However, compared with the time course of the subsequent contraction, the spread of excitation along and within the muscle fiber is essentially instantaneous, thereby ensuring simultaneous release of calcium from the sarcoplasmic reticulum throughout the entire volume of the muscle. If calcium release were restricted to a small longitudinal section of the muscle fiber, only sarcomeres in this region would contract, and sarcomeres in the rest of the fiber would stretch accordingly. Similarly, experiments in detubulated muscle fibers, i.e., fibers in which the continuation between the sarcolemmal and the tubular membrane has been disrupted, have demonstrated that only a thin layer of superficial myofibrils contracts when tubular action potentials fail to trigger calcium release deep in the muscle fiber. It is well known that the shape of the skeletal muscle action potential differs from that of nerve action potentials with regard to the repolarization phase. [ 4&5]
III) RAW bio-potential signals 
The RAW information from the subject is a collection of positive and negative electrical signals, their frequency (how often they occur), and their amplitude give us information  on the contraction or rest state of the muscle. A RAW EMG signal can be seen in following figure.
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FIG-C
In the raw graph the X axis displays time and the Y axis displays amplitude in µV(micro-Volts), both positive and negative about the axis which is zero. This 3 second sample of data has an amplitude of 400µV. As the subject contracts the muscle the number and amplitude of the lines increases, as the muscle relaxes it decrease. As the muscle fatigues the number or frequency of the firings will decrease. (Ref. 4)

RMS or Root Mean Square is a technique for rectifying the RAW signal and converting it to an amplitude envelope, which is easier to view, to make it easier to view. The rectification process converts all the numbers into positive values rather than positive and negative. The RMS graph of the same 3 seconds of signal is shown below in Fig -D
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FIG-D
For EMG for example we are interested in frequencies between 0 – 500Hz, for EEG frequencies from 0 – 60Hz. It is possible to display and represent the signal in its frequency domain by separating out the individual frequencies. The RAW signal is converted into the frequency domain by passing all the data points through a Fast Fourier Transform calculation (FFT), this mathematically isolates each of the frequency bands. 

The signal that we have viewed in RAW and RMS representations is displayed in fig D. in the frequency domain. [4 & 5]
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FIG-E

IV) Filtering 
Filtering of the signal is important; it is used to focus on a narrow band of electrical energy that is of interest to us rather than all the electrical signals that the sensors will pick up. It enables us to remove noise and artifact such as that commonly found at 50 or 60 Hz that are not relevant to our studies. 50/60Hz energy is used to transport electrical energy and is emitted into the recording environment by devices such as florescent lights , computer power supplies etc. Primarily EMG signals occur within the range of 0 – 500Hz, however artifact can be introduced at the low frequency end of this range by sources such as the heart and electrical equipment. Fig E. Shows a resting EMG signal being filtered in different ways, displayed in RMS. This EMG signal was measured in close proximity to the heart, the heart’s electrical activity can clearly be seen as spikes in activity approximately every second. To remove the artifact from the signal we filter the signal through a band pass filter, in the case of the BioGraph Infiniti software it is an IIR filter algorithm. We set this filter to ‘pass’ or include the signal between two frequencies also referred to as a band of frequencies. The choice of the band should be a cautious one as it is a trade off between over filtering and under filtering the signal. In Fig F. the signal without any filtering is affected most by the artifact, and the one filtered from 100 – 500 Hz the least. 
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FIG-F
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As we can see from above Fig Some frequencies are more active than others; this can be seen by higher amplitudes in these areas, designated by brighter colors. It is clearly seen that most of the activity is below 100Hz. Above 200Hz there is little activity. This highlights the problem of over filtering the signal to remove all the artifact and noise. As we remove more of the signal at the bottom end we see that our filtered RMS signal decreases in amplitude during the contraction, from 40µV to 20µV. Filtering should be selected based on electrode placement and purpose of the recording. [ 5]


Regarding the above results as it can be seen that if the difference between the normal and abnormal signals are filtered the remaining signal for the particular body will not be affected as the extra pain in the body as situated at the particular place or particular part of the body. Hence as we amplify the difference of both signals and the normal signal is added where the abnormal functions and applied to the muscle where the signal having stress as the new one with a more Amplitude with the limit maximum where the original ones the pain for that particular body part will discarded and as the result there will be no more pain. While in ideal case the pain will be present in the minor way and can be removed by increasing the amplitude of difference signal. As shown in the following figure. The result can be made possible by differentiator with variable gain control. The same electrodes are used for backup the input to the muscle.
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Fig-G- Normal EMG signal
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Fig-FIG-H- Abnormal EMG signal

By passing the above signals from low pass filter the difference signal is t be subtracted from original signal to add the remaining signal from the original  signal which is not present in to the abnormal signal and procedure is implemented by the following diagram consist of gain limiter for both normal and abnormal By using such a procedure while some stress form particular part of the body is occurred such a system gives the patient relief by applying these different signal to the particular body muscle of the human using various types of electrode depending on the nature of the pain and also the depth of the samesignals followed by IIR filter with comparator to make the difference and the mixer which will add the remaining signal from the normal one. 
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 FIG-H
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