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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____No_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___ N_____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. ___________________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___________________________

E.  Will the filming need to take place in multiple locations? (Y/N) ____N___ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE): 
Procedural Narrative:
The overall goal of this procedure is to describe the electromyographic fatigue threshold which demarcates between non-fatiguing and fatiguing exercise workloads. (Intro)
This is accomplished by first preparing the participants leg for the placement of the EMG electrodes. (P1: Clip from 2.4.1)
The second step is to place the EMG electrodes on the desired superficial quadriceps femoris muscles. (P2: Clip from 2.6.3)
Next, the EMG signal is checked to determine the signal-to-noise ratio and improve electrode placement if necessary. (P3: Clip from 3.4.1)
The final step is to have the participant perform an incremental cycle ergometry test to voluntary exhaustion. (P4: Clips from either 3.6.1-3.6.2 or short ones from both.)
Ultimately, the EMG fatigue threshold mathematical model is used to estimate the power output at which, theoretically, the participant can cycle indefinitely without an increase in EMG amplitude. (P5: Figure 1)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
*No Media Provided: Authors would like to use images from day of filming.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Only one statement should be chosen and completed per author, feel free to switch for another statement if you’d like.
1.1. M. Malek: The main advantage of this technique over existing methods is that we use surface EMG and a single incremental exercise test. 
1.2. S. Galen: This method can provide insight into identifying the highest exercise intensity that demarcates between non-fatiguing and fatiguing exercise.

1.3. M. Malek: Demonstrating the procedure will be Charlie Anderson and Jacob Blackmer who are students in the Doctorate in Physical Therapy Program. 

1.3.1. Interview style: Author saying the above 

M. Malek: This method can help answer key questions in the area of neuromuscular fatigue for continuous exercise such as running and cycling.  

M. Malek: The implications of this technique is that eventually it may be implemented in a clinical settings to determine the efficacy of a rehabilitation intervention.  
S. Galen: Generally, individuals new to this method will struggle _______with making sure the skin is abraded enough so the signal-to-noise ratio is low_______.

Protocol (read by voice talent at JoVE):  
2. Preparation and Placement of the EMG Electrodes
2.1. Begin by preparing the participant’s leg and accurately locating the vastus lateralis muscle as described in the accompanying text protocol.[2.1.1 - MED]
2.1.1. *Film as written

2.2. Then, place gel coated silver silver-chloride electrodes over the vastus lateralis without removing the adhesive shield.  [2.2.1 - CU]
2.2.1. *Film as written

2.3. Mark the location where the gel portion of the electrode makes contact with the muscle and ensure the inter-electrode distance is 20 mm from center to center. [2.3.1 - CU]
2.3.1. *Film as written

2.4. Next, use a piece of 60-grit sandpaper to gently abrade these two areas, removing the superficial layer of the skin. [2.4.1 - CU] Be sure to ask the participant their level of discomfort during the abrasion and stop when the participant indicates the area is warm. [2.4.2 - MED]
2.4.1. *Film as written

2.4.2. Talent looks up at participant while abrading the skin and asks about their comfort.  Talent then indicates to stop.
2.5. Clean the abraded areas with an alcohol swab and allow the area to air dry for a few seconds. [2.4.1 - CU]
2.5.1. *Film as written

2.6. Then, ask the participant to contract the quadriceps femoris muscles [2.6.1 - MED] so that it is possible to palpate the vastus lateralis. [2.6.2 - CU] Place the EMG electrodes on the abraded sites, taking care not to place the electrodes on the iliotibital band. [2.6.3 - CU]
2.6.1. *Film as written
2.6.2. Talent points out the correct location as participant flexes the quadriceps muscle.

2.6.3. *Film as written (point out the iliotibital band at the end of the shot).
2.7. Place the reference electrode on a boney attachment site such as the ASIS so as not to interfere with movement of the lower limbs during exercise. [2.7.1 - CU]
2.7.1. *Film as written

3. EMG Fatigue Threshold Protocol  
3.1. Adjust the cycle ergometer specifically for each participant as described in the accompanying text protocol.   [3.1.1 - MED] Then, have the participant put on a heart monitor in order to document their heart rate throughout the exercise test. [3.1.2 - MED]
3.1.1. *Film as written

3.1.2. *Film as written

3.2. Set up the EMG system to take recordings at 10 second intervals every 20 seconds. [3.2.1 - MED Over the Shoulder] Also, begin monitoring the heart rate by recording the values on a data collection sheet during each stage. [3.2.2 - CU]
3.2.1. *Film as written

3.2.2. Close-up shot of data collection sheet while talent enters starting numbers points to the various columns, but is NOT writing down any data.

3.3. Have the participant start cycling and gradually increase their cadence to 70 revolutions per minute. [3.3.1 - MED] After they reach 70 revolutions per minute, increase the power output on the cycle ergometer to 50 watts. [3.3.2 - MED]
3.3.1. Talent cycling with the RPMs listed in the shot somewhere.

3.3.2. Talent increases output to 50W while participant cycles.

3.4. Have the participant cycle at this power output for approximately 2-3 minutes as a warm-up and begin taking EMG signal recordings. [3.4.1 - MED]
3.4.1. Participant cycles as talent watches for a few seconds, then the talent takes the first EMG reading as participant continues to cycles. Videographer note re: JOVE MALEK 52729 SECTION 3_4_1 It should be used as a picture in picture source for when the computer monitor screen is visible such as in MVI-4520. While shooting the video, the screen visible in the shot is static, it should be moving.
3.5. Record the EMG signal starting at seconds 10–20 and record every other 10 second interval within the 2 minute period for each power setting. [3.5.1 - MED]
3.5.1. Show EMG signals being recorded as the signals are processed. (TEXT: 10–20, 30–40, 50–60, 70–80, 90–100, and 110-120 sec.)

3.6. After the warm-up period, increase the power output by 25 watts every two minutes [3.6.1 - MED Over the Shoulder] until the participant is no longer able to maintain 70 revolutions per minute cadence or requests that the test be stopped. [3.6.2 - MED]
3.6.1. Talent increases power output.

3.6.2. Participant becomes fatigued and stops cycling.

4. Determining the EMG Fatigue Threshold 
FOR SECTIONS 4: This was not filmed, however, I provided a movie file that illustrates these two sections.
4.1. Process the signal files as described in the accompanying text protocol. [4.1.1 - MED Over the Shoulder]
4.1.1. Talent at computer working with files
4.2. Then, use a statistical program and label the first column “Time” and the subsequent columns with each power output used for the test. [4.2.1 - SCREEN]
4.2.1. Screen capture video of the above step.
4.3. For each power output, fill-in the corresponding EMG amplitude value recorded during each 20 second interval. [4.3.1 - SCREEN]
4.3.1. Screen capture video of the above step.
4.4. Use this to analyze the time vs EMG amplitude relationship with linear regression to determine if the slope of the regression line is significantly different from zero. [4.4.1 - SCREEN]
4.4.1. Screen capture as talent performs the above action.
4.5. After performing the linear regression analyses for all power outputs, identify the highest power output with a non-significant slope as well as the lowest power output with a significant slope. [4.5.1 - SCREEN]
4.5.1. Screen capture as talent performs the above actions in the statistical program. 
4.6. Once these two power outputs have been identified, add them and divide by 2.  The resultant power output is the estimated EMG fatigue threshold. [4.6.1 - Med Over the Shoulder]
4.6.1. Talent writes down the values, adds them, and divides by 2.  They then circle the number.
5. Results: Neuromuscular Fatigue Determined by Linear Regression Analyses  
For this section: Please use the PPT slide provide previously.
5.1. Shown here is the combined power output for a single participant of the fatigue test.  This particular participant made it through 11 2-minute test periods where the power was increased by 25 Watts every 2 minutes. [5.1.1 - LM]
5.1.1. Figure 1 (Video Editor: Remove the red and green arrows as well as the equation above Figure 1 for this step.  Highlight the figure legend with the second sentence.)

5.2. The power output at 200 Watts is the highest power output with a non-significant slope, whereas the power output at 225 Watts is the lowest power output with a significant slope. The average of these two power outputs equal 213 W which is the EMG fatigue threshold for this particular participant. [5.2.1 - LM]
5.2.1. Figure 1 (Video Editor: Show the red and green arrows with the first sentence having them appear when the particular wattage is mentioned.  Show the equation with the 2nd sentence.)

6. Conclusion (said by authors on camera) 
6.1. S Galen: Once mastered, this testing procedure can be completed within 1 hour.

6.2. M. Malek: After watching this video, you should have a good understanding of how to assess neuromuscular fatigue using a non-invasive method such as surface EMG.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


