[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 68278
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=20824838 

Title: Impact Mitigation in Modern Football Helmets: Advances and Limitations of Position-Specific Designs 

Authors and Affiliations: 
Sean Bucherl1, Kevin G. McIver2, Shengming Hu1, Christopher Boles1, Thomas M. Talavage1, Eric A. Nauman1,3

1Department of Biomedical Engineering, College of Engineering and Applied Science, University of Cincinnati
2School of Mechanical Engineering, College of Engineering, Purdue University
3Department of Materials and Mechanical Engineering, College of Engineering and Applied Science, University of Cincinnati



☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Eric A. Nauman		naumanea@ucmail.uc.edu


Email Addresses for All Authors: 
Sean Bucherl			buchersc@mail.uc.edu
Kevin G. McIver		mciver@purdue.edu
Shengming Hu			husm@mail.uc.edu
Christopher Boles		bolescr@mail.uc.edu
Thomas M. Talavage		talavatm@ucmail.uc.edu
Eric A. Nauman		naumanea@ucmail.uc.edu




Author Questionnaire

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.  
If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position


To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)


Current Protocol Length
Number of Steps: 11
Number of Shots: 33 (12 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer up to 2 introduction and up to 3 conclusion questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Answer in full sentences, the questions will not be displayed in the video. 
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

CONCLUSION:

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
What questions will future research focus on?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Experimental Setup and Impact Delivery 
Demonstrator: Click here to enter name of demonstrator(s) 


2.1. To begin, utilize four different helmet models from two manufacturers for testing [1-TXT]. 
2.1.1. WIDE: Talent arranging four different helmet models on a work surface for the study. TXT: Divide the helmets into 4 groups: H1, H2, H2T and H2Q

2.2. Test three separate helmets for each helmet model to obtain a total of 12 helmets [1]. Prepare a 50th percentile Hybrid III (3) head and neck assembly testing rig secured to a steel baseplate for impact testing [2]. Use the rig to quantify forces and accelerations resulting from direct impacts to the bare head form and to each helmet [3].
2.2.1. Talent selecting three helmets of the same model and grouping them together.
2.2.2. Talent positioning the Hybrid III head and neck assembly on the steel baseplate.
2.2.3. Talent arranging the tools for the impact.

2.3. After ensuring the data acquisition system and the computer running the LabView code are properly connected to power [1], plug all sensors into the data acquisition system [2]. 
2.3.1. Talent checking power connections for the data acquisition system and computer.
2.3.2. Talent inserting sensor cables into the data acquisition system ports.
2.4. Double-click the custom LabView program titled Hammer_Time_2017.vi (hammer time 2017 dot vi) to initiate data collection [1]. Enter the basic data into the appropriate fields, including the file path for the final data file [2], the number of hits per file set to 5 [3], the number of files per location set to 4 [4], and the headgear profile [5].
2.4.1. Talent seated at the computer workstation with the data acquisition setup visible, preparing to start data collection.
2.4.2. SCREEN: Show the LabView desktop interface as the talent double-clicks the Hammer_Time_2017 dot vi program icon to open it.
2.4.3. SCREEN: Show typing the file path for the final data file into the designated field within the LabView interface.
2.4.4. SCREEN: Show entering the number of hits per file as 5 and the number of files per location as 4 in their respective fields.
2.4.5. SCREEN: Show selecting the appropriate headgear profile from the available options in the LabView program.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338]Authors: Please create screen capture videos of the shots labeled as SCREEN, write a screenshot summary, and upload the files to your project page as soon as possible : https://review.jove.com/account/file-uploader?src=20824838 

2.5. Initiate the LabView code by pressing Run to begin the data acquisition process [1]. Use the modal impulse hammer to strike the front of the head form as a preliminary system check [2]. Strike the top of the head form to further confirm data collection [3], and then strike the side of the head form to verify that the hammer and all 9 accelerometers are recording data [4].
2.5.1. SCREEN: Show the LabView interface as the talent clicks the Run button to start the program.
2.5.2. Talent using the modal impulse hammer to strike the front of the head form.
2.5.3. Talent striking the top of the head form with the modal impulse hammer.
2.5.4. Talent striking the side of the head form and looking at the system response.

2.6. Now, measure resultant accelerations at the center of mass during each impact using a 9-accelerometer array arranged in a 3-2-2-2 configuration [1]. Collect a 200 millisecond time series for each normal and oblique impact with a 70-millisecond pre-trigger [2], providing 130 milliseconds of acceleration and impact force measurements [3]. Acquire all signals at a sampling rate of 5120 hertz [4].
2.6.1. Talent positioning the head form equipped with the 9-accelerometer array for impact delivery.
2.6.2. SCREEN: Show the LabView display indicating a 200 millisecond acquisition window with the pre-trigger enabled.
2.6.3. SCREEN: Show acceleration and impact force traces corresponding to the 130 millisecond post-trigger window.
2.6.4. SCREEN: Close-up of the LabView settings panel highlighting the sampling rate set to 5120 hertz.

3. Impact Types and Data Collection

Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Define 14 impact types representing 2 angles of incidence at 7 impact locations for all test cases, including the bare head form and each helmet model [1-TXT]. Define normal impacts as perpendicular to the surface [2] and oblique impacts as delivered at an angle of approximately 45 degrees to the normal direction [3].
3.1.1. WIDE: Talent standing beside the head form and helmet setup while reviewing a schematic of impact locations. TXT: Impact locations: Front, Front Boss, Side, Rear Boss, Rear, Top, SpeedFlex Cut Out 
3.1.2. Talent demonstrating a perpendicular orientation of the impulse hammer relative to the helmet surface.
3.1.3. Talent demonstrating an oblique orientation of the impulse hammer at approximately 45 degrees to the surface.

3.2. Group the defined impact types into aggregated regions to simplify position-specific analysis [1]. Define the Frontal Aspect and the Rear Aspect impacts [2].
3.2.1. Talent highlighting frontal impact locations on the helmet.
3.2.2. TEXT ON PLAIN BACKGROUND:
Impacts: 

Frontal: Front Normal, Front Oblique, Front Boss Normal, Front Boss Oblique, Cut Out Normal, and Cut Out Oblique.

Rear: Rear Boss Normal, Rear Boss Oblique, Rear Normal, and Rear Oblique.

3.3. Administer impacts to the bare head form using a modally tuned impulse hammer to record the applied force during impact [1]. Use the hammer impact to trigger a 200-millisecond acquisition window for each hit [2]. Visually inspect the recorded signals to confirm there are no recording errors [3], and press Save to write the data to a file [4].
3.3.1. Talent positioned at the testing rig with the bare head form mounted and the impulse hammer in hand.
3.3.2. Talent striking the bare head form with the modal impulse hammer.
3.3.3. SCREEN: Show the recorded force and acceleration signals displayed after impact for visual inspection.
3.3.4. SCREEN: Show clicking the Save button to store the data file.

3.4. Record 5 hits per file and collect 4 files per impact location to obtain 20 impacts at each location [1]. Deliver impacts across impulse levels with 3 repeats [2-TXT]. 
3.4.1. Talent performing repeated hammer strikes.
3.4.2. SCREEN: Show sequential data files being recorded for multiple hits and files. TXT: Levels: (2-4 Ns); (5-7 Ns); (8-10 Ns); (11-13 Ns); (> 14 Ns)

3.5. After completing the bare head form reference set, fit 3 examples of each helmet model onto the head form according to the manufacturer’s specifications [1]. Deliver all 14 defined impact types to each helmet, resulting in a total of 840 data points collected per helmet model [2]. For the final and largest hammer strike at each location, record the impact using a high-speed camera operating at a frame rate of 959 hertz [3-TXT].
3.5.1. Talent fitting a helmet onto the head form and securing it according to specifications.
3.5.2. SCREEN: Show a data log or counter confirming accumulation of data points for a helmet model.
3.5.3. Talent activating the high-speed camera to capture the final impact. TXT: Perform post-processing and statistical analysis






Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 130.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. The H2T helmet had the highest mass at 2.243 kilograms, making it the heaviest helmet tested to date [1].
4.1.1. LAB MEDIA: Table 1. Video editor: Highlight the cell showing the mass “2.243 kg” in the row labeled “H2T”

4.2. All helmets significantly reduced translational accelerations compared to the bare head form, with mitigation values ranging from 0.643 to 0.872 [1].
4.2.1. LAB MEDIA: Figure 4. Video editor: Highlight the red graph in panel B

4.3. The H2T helmet achieved the highest translational mitigation in 8 of 14 impact types, including 4 of 6 on the Frontal Aspect [1], while the H1 achieved none [2].
4.3.1. LAB MEDIA: Table 2. Video editor: Highlight the bolded values under the “H2T” column 
4.3.2. LAB MEDIA: Table 2. Video editor: Highlight the “H1” column 

4.4. The H2 helmet consistently outperformed the H1 in both translational [1] and rotational mitigation [2].
4.4.1. LAB MEDIA: Table 2. Video editor: Highlight rows (5, 6, 7, 8, 10) in the “H2” column
4.4.2. LAB MEDIA: Table 3. Video editor: Highlight “H2” column

4.5. On the Rear Aspect, the H2 and H2Q showed better translational performance in impact type 7 [1].
4.5.1. LAB MEDIA: Table 2. Video editor: Highlight the bolded values for row 7 under “H2” and “H2Q”

4.6. For rotational mitigation in impact type 9, the H1, H2, and H2T all surpassed 50%, with the H2 highest at 0.529 [1], while the H2Q scored substantially lower at 0.473 [2].
4.6.1. LAB MEDIA: Table 3. Video editor: Highlight values under “H1”, “H2”, and “H2T” in row 9
4.6.2. LAB MEDIA: Table 3. Video editor: Highlight “H2Q” value 0.473 in row 9

[bookmark: _Hlk215154137][bookmark: _Hlk215844323]NOTE to the Authors:

You have two options for filming and submitting the SCREEN footage:

Option 1: Uploading Separate Clips (Highly Recommended)

Please upload a separate video file for each SCREEN shot (tagged as SCREEN), naming the file according to the shot number (e.g., 2.4.3, 1.5.1, 3.2.1, 3.1.3, etc.).

- Each clip must be a maximum of 20 to 25 seconds to match the voice narration.
- If an action takes longer, provide only the best, most representative 20-25 second segment.



Option 2: Uploading a Single Continuous Video

If you prefer to record all steps together and upload a single video file, that is acceptable. In this case, you must write the precise timestamp for each shot within the script.

For example, if the action described in shot 2.1.2 is present in the file xxx.mp4 and occurs between timestamps 00:30 and 00:45 , then write the following in the script after each shot description or as a comment bubble.
(write the file name and timestamp after each shot): [File name] [Start Time]-[End Time]
 

- Example 	2.1.2  SCREEN: performing ...........action. xxx.mp4 00:30-00:45
1.2.2 SCREEN: cutting the…..........action. xxx.mp4 01:10-01:20

- The duration between the start and end times for each shot must be limited to 20 to 25 seconds.

- If a shot is longer than 25 seconds, choose two short segments (one at the beginning and one at the end) that collectively do not exceed 25 seconds.
- Example: 3.1.1 SCREEN: inserting a needle... xxx.mp4 00:00-00:10 and 02:30-02:40
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