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Questionnaire:

A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) ___ NO
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __YES

(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?  These steps are in italics.
E.
Will the filming need to take place in multiple locations? (Y/N) ___NO
1. Introduction  
A. Experimental Goal (read by voice talent at JoVE):
The goals of this modified drop tower test are to more closely represent on-field impacts of the American football helmet system, to promote enhanced safety standards and to develop enhanced headgear for concussion prevention. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Alston Rush: This method can help answer key questions in the field of biomedical engineering, such as the on-field response of protective headgear and how to better prevent sports-related concussion. 
1.2. Alston Rush: The main advantage of this technique is that it offers a more robust helmet safety test standard while it uses the current NOCSAE standard twin-wire testing device.   

Protocol (read by voice talent at JoVE):
2. Test Set-up
2.1. This test uses a NOCSAE twin-wire drop carriage assembly. 
2.1.1. Figure 5
2.2. First, verify that all components of the assembly are securely attached. 

2.2.1. Establish the assembled test device, talent should test the weaker parts to make certain they are firm [x]
Filmed in two takes.  Use version without attached headform
2.3. Then, attach a large-sized NOCSAE headform to the drop carriage assembly. Adjust the headform collar in the desired position and tighten it down with the lock ring. 
Use footage for 2.3, and/or footage from 2.2 without the headform attached
2.4. Then, securely attach the triaxial accelerometer to the center of the accelerometer plate, which is located at the headform’s center of gravity. Use the provided Allen head screws.
Footage for 2.4 
2.5. To complete the set up, configure the data acquisition system and enter the sensor information for the accelerometers.  
Footage for 2.5

2.5.1. To be provided by authors – A SCREEN CAPTURE of inputting accelerometer info into the system, TEXT: See the text protocol for details.
3. Helmet and Headform Preparation
3.1. Prepare to conduct the baseline helmet impact tests with baseline faceguards, in contrast to the NOCSAE standard.
Footage for 3.1

3.2. [Filler Line.  No narrative or shots]

3.3. [Filler Line.  No narrative or shots]

3.4. To calibrate the headform, first, securely attach a three-inch Calibration MEP pad to the anvil, using an Allen wrench.
Footage for 3.4

3.5.  [Filler Line.  No narrative or shots]

3.6. Next, adjust the impact orientation. First, remove the taper-loc bolt from the headform rotator assembly, which may require using a vise and punch. 
Footage slated as 3.5 or 3.6, show take using the vise and punch
3.7. Now, orient the headform bolt-holes to the desired position and securely re-fasten the taper-loc bolt.
Footage for 3.7

3.8. To rotate the headform, loosen the headform threaded lock ring.
Footage for 3.8

3.9. Finally, adjust the specific point of impact.  Loosen the two base plate-anvil bolts and slide the anvil into position. Then, retighten the bolts and double check that all the re-fasted connections are secure. 
Footage for 3.9

4. Calibration 

4.1. To begin the calibration, lift the drop carriage assembly to the height of the release system. Center the release system to its attachment point on the drop carriage assembly and turn on the electromagnetic release system.
Footage for 4.1

4.2. [Filler Line.  No narrative or shots]
4.3. Now, raise the drop carriage assembly to get the desired impact velocity. Due to variation in friction of different systems, the required height needs to be determined empirically. 
Footage for 4.3

4.4. Before conducting the test, make sure the data acquisition system will start when the release system is triggered. 
Footage for 4.4
4.5. Now, simultaneously trip both toggles on the release system power box to drop the carriage assembly. 
Footage for 4.5
4.6. Next, calculate and record and the resulting SI value. The desired value is within 2 percent of 1200 SI. 
Footage for 4.6

4.6.1. To be provided by authors – SCREEN CAPTURE of the SI values after a release test, show how they are calculated with computer
4.7. Continue by repeating the calibration for all three required impact locations.  
Footage for 4.7 or short segments of 3.4, 3.6, 3.7, 3.8, 3.9
5. Testing Procedure
5.1. For the test, exchange the MEP pad used for calibration with the MEP test pad.
Footage for 5.1

5.2. Then, select the impact location and velocity for testing. The impacts must be conducted from the lowest drop velocity to the highest.  Also, conduct ambient temperature impacts before conditioned impacts.  [LM]
5.2.1. Table 1

5.3. Next, properly adjust the headform orientation and anvil position for the desired impact location, as before. 
Footage for 5.3
5.4. Now, fit the test helmet to the headform according to the helmet’s fitting instructions and the NOCSAE procedures. Then, secure the helmet’s chinstrap to the headform.
Footage for 5.4
5.5. Alston Rush: Proper fit of the helmet on the headform is critical and since faceguard attachment systems of helmets vary, some faceguards may need to be attached after the helmet is fit on the headform.   [MED/WID]
5.5.1. Interview with AR at the bench
5.6. Sometimes, a little talcum powder can help make the fit.
Footage for 5.6
5.7. Next, attach the mechanical release system to the drop carriage assembly, raise the carriage to the required height [5.7] and conduct the test, just like during the calibration. [5.7.1]

There may be general footage for 5.7 covering “Next … required height”

5.7.1. Footage 

5.8. Then, compare the recorded results to the pass/fail criteria. [LM/TEXT]
Footage for 5.8 to establish computer use

5.8.1. To be provided by authors – SCREEN CAPTURE of comparing collected data from test to pass criteria, TEXT: See the text protocol for the modified pass/fail criteria.
5.9. After all the tests are completed, perform a system check and compare the post-test check to the pre-test check to ensure a variation of 7% or less. [LM]
Footage for 5.8 to continue establishing computer use

5.9.1. To be provided by authors – image of pre-test and post-test results, comparison
6. Results: Faceguard Effect on Impact Tests
6.1. SI values were determined for various helmets with and without the faceguard using three consecutive impacts within 90 seconds of each other.  While the mean value was well below the NOCSAE 1200 SI threshold, each helmet displayed a unique location-dependent response when the faceguard was attached. 

6.1.1. Figure 3 – panel 1
6.1.2. Figure 3 – panel 2
6.1.3. Figure 3 – panel 3
6.1.4. Figure 3 – panel 4
Video editor – fade between the panels evenly with the narrative.
6.2. A least squares regression by Analysis of Variance was used for P-value calculations.  Significant differences were found for helmets with and without faceguards. 

6.2.1. Table 2

6.3. Specifically, the Xenith X2 helmet, with and without faceguard, at 4.88 meters per second, was very different in the acceleration-time history profile at each measured axis. The overall results were strongly dependent on impact location and velocity.

6.3.1. Fig 4
7. Conclusion (said by authors on camera)
Please show 7.4 first, followed by 7.1, 7.2, 7.3 and 7.5
7.1. Alston Rush: Once mastered, this technique can be done in two hours if it is performed properly.
7.2. Alston Rush: While attempting this procedure, it’s important to remember not to induce additional variation by ensuring that the mechanical test assembly is properly and securely maintained. 
7.3. Alston Rush: After its development, this technique serves as an effective solution that allows the ability to assess better performance characteristics of current and future football helmet systems.
7.4. Alston Rush: After watching this video, you should have a good understanding of how to perform modified NOCSAE drop impact tests by inclusion of faceguards on American football helmets. This procedure includes twin-wire drop test device setup, helmet preparation, headform calibration, and impact testing routines. 
7.5. Alston Rush: Don't forget that drop tower testing can be dangerous and safeguards should always be used to avoid accidental triggering of the drop carriage release system while performing this procedure.   These safeguards should include attachment of safety strap from the release system to the drop assembly and strategic placement of the release system toggle switch. 
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.  

Please provide all of the required media using the scheme above.
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 are included in the email accompanying the finalized script.
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