Industrial Ergonomics (IE665)

EMG ANALYSIS OF MUSCLE ACTIVITY AND MUSCLE FATIGUE 
Introduction

Action potential developed during muscle contraction can be recorded through electromyography (EMG). It can be a useful analytical method and an ergonomic tool in the evaluation of local muscular work. This lab is intended as an introduction to EMG analysis in determining muscle activity and muscle fatigue.
Experimental Procedure
1. Determine the right and left hand grip strength: With the handgrip meter, determine first the maximal grip force (MVC= Maximum voluntary contraction) for the left and right hand, and then choose the stronger of the two to perform the rest of the experiment.

2. Determine the optimum handgrip gap setting: With your upper arm vertical and arm and wrist horizontal, test and record the MVC at different handgrip settings by adjusting the gap of the handgrip.  Note the handgrip gap position for the highest MVC and then perform the rest of the exercise using this setting. While testing the MVC, palpate your forearm muscle and try to locate the muscles that are producing the grip force.
	Gap step
	Recorded MVC (lb)

	
	Subject 1
	Subject 2

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


3. Determine MVC at different hand and wrist postures: Find the terminology of hand postures from your textbook (Figure 2.31 page 43).  Keeping your upper arm vertical and arm horizontal, determine MVC for the following hand postures. Note the posture that produced highest MVC and do the rest of the exercise in that posture.
	Wrist posture
	Recorded MVC (lb)

	
	Subject 1
	Subject 2

	Pronation
	
	

	Supination
	
	

	Radial deviation
	
	

	Ulnar deviation
	
	

	Flexion
	
	

	Extension
	
	


4. Attach EMG surface electrode:  Figure 2.12, page 21 of your textbook describes the muscles responsible for closing the fingers.  Determine the approximate location of the belly of the muscle; clean the surface with alcohol swab and let it dry. Attach the double sided tape to the EMG electrode housing, and then put a small drop of electrolytic gel on two electrodes. Now remove the cover of the double sided tape and place the housing on one side of the belly of the finger flexor muscle aligning the electrodes along the long axis of the muscle.  Make sure the contact is firm.  Put a drop of electrolytic gel on the ground electrode and attach it to the bony part of the wrist and tighten the elastic band to secure it. 
5. Prepare the biometric EMG data collection system: Turn on the computer, and then turn on the power supply of the biometric system.  Connect the pre-amplifier lead and ground lead to the channel 1 and 8 of the biometric amplifier.  Start the data-link program in the computer and click on the setup analog channel menu.  Set up the channel as grip muscle and select the default settings for EMG analysis. Keep the arm muscles as relaxed as possible, click on zero setting.  This will set the baseline for subsequent EMG data. You can see the instantaneous EMG data in volts in the output window.   
6. Collect Grip force data and determine EMG at each grip force levels:  Click on the save menu, it will open a new window and provide a running plot the EMG over time.  Squeeze the handgrip sub-maximally starting from 10 lb and hold it for about 4 to 6 seconds. Progressively increase the squeeze by 5 lb (approximately 20, 30, 40, 50, 60 and 80% of MVC) and hold each squeeze for about 4 to 6 seconds with rest pauses in between the successive squeezes. Record the exact force level in the table below.  Stop the data collection after you have completed the above exercise and save the data in a file. 

	Grip force

(Lb)
	Average Rectified

EMG Level

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Select the EMG waveforms for each of the grip force levels one at a time.  Apply Rectified filter using the software filter and note the average rectified EMG level for each of the hand grip force levels. To obtain the mean rectified EMG levels, set up a window on the EMG graph for about 3 seconds in the middle of the exertion. You can use zoom feature to setup your window.  Write down the mean of the rectified EMG for each exertion in the table above.  Finally copy the whole EMG graph to a word file and save it for your lab report. Save the graph within data-link software.
7. Collect EMG fatigue data: With the same setup for data collection, click on save menu to save a new set of EMG data.  At this time squeeze the handgrip at a level approximately at 50% of MVC and maintain the squeeze at closely as possible for about a minute or as long as you can hold without feeling too much discomfort.  Stop recording, save the data and save the plot in a word file for future reference.
8. Analyze EMG Fatigue data: 

(a) Observe how the raw EMG level is changing over time.  
(b) Apply the Median frequency filter with a window of 2012 data points. The software calculates median frequency of the wave form with a sliding window of 2012 data points.  Observe how median frequency is changing with time.
You are done with the laboratory experiment.  Remove the surface electrodes and shut off the EMG system. 
Laboratory report (due in two weeks)
(The report should be typed with double spacing)
BASED ON WHAT YOU HAVE LEARNED IN THE CLASSES ON MUSCLE PHYSIOLOGY AND MUSCLE MECHANICS DISCUSS THE FOLLOWING ITEMS
1. Produce and discuss graphs on the dependence of MVC on the gap setting of the handgrip meter.  Why does the MVC vary with different hand grip gap settings and hand postures? Explain based on muscle physiology and muscle mechanics.

2. Discuss the theory behind generation of electrical voltage between the EMG surface electrodes from the muscle contraction.  Start with EMG wave form from a single muscle fiber, then for motor unit and then for a number of motor units working together to produce the muscle force.

3. Determine the normalized EMG for each exertion levels using the following equation.

EMGNormalized= (AREMG- ARResting​​​)/ (ARMAX- ARResting​​​)
Where,

 AREMG = Average Rectified EMG level at a given exertion force

ARResting = Average Rectified EMG level at resting

ARMAX = Average Rectified EMG level when producing maximum contraction
Produce a plot the normalized EMG values against the % MVC force levels.  Discuss this relationship based on muscle mechanics.
4. Discuss the muscle fatigue characteristics based on the EMG acquired in step 7 and 8. 
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