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Author Questionnaire 
1. Microscopy: Does your protocol demonstrate the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y
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. Please upload all screen captured video files to your project page as soon as possible.

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☐ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements outside of the filming date. JoVE can provide support for this option.

☐ 	Interview Statements are read by JoVE’s voiceover talent. 

☐ 	Author interview statement opt out (interview statements removed completely from paper). 

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

· To ensure that your protocol can be filmed in one day, the protocol is restricted to 25 steps and/or 55 shots. 

Protocol Length
Number of Shots: 34

 

Introduction

1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which will be incorporated into the script. Authors will memorize the statements and then deliver them on camera.
· Enter the full name of the author who will deliver the statement on camera.
· Each author should deliver no more than two statements.
· Fill out both required statements. One optional statement may also be selected.
· Please answer in full sentences in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: Why is your protocol significant? OR What key questions can this method help 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 30 or fewer words.[1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	

REQUIRED: What is the main advantage of this technique?

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 30 or fewer words.[1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?
1.3. 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 30 or fewer words.[1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
OPTIONAL: Are there any specific areas of research that this method could provide insight into? OR Can this method be applied to any other systems?

1.4. 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 30 or fewer words.[1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: How would you expect an individual who has never performed this technique to struggle? Do you have any advice to offer to somebody who is trying this technique for the first time?

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 30 or fewer words.[1].

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL: Why is visual demonstration of this method critical?

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 30 or fewer words.[1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Is each interview statement 30 words or fewer? ☐ Yes
Has any author been assigned more than two statements? ☐ No

Introduction of Demonstrator on Camera

Complete this statement ONLY if any of the individuals who will be demonstrating the procedure on camera will not be delivering an Introductory Interview Statement.

1.7. Enter name of author who will introduce demonstrator: Demonstrating the procedure will be Click here to enter name of demonstrator(s)., a Click here to enter demonstrator job title. from my laboratory. Include additional demonstrators as needed.[1][2].

1.7.1. INTERVIEW: Author saying the above
1.7.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera

Ethics Title Card

1.8. Procedures human subjects have been approved by the Institutional Review Board (IRB) or equivalent body at insert Institutional Name.

Protocol
Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The one-digit numbers represent sections of the video. The text will appear onscreen.
· The two-digit numbers (e.g. 2.1., 2.2.) represent steps of your protocol. The text will be recorded by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the shots that our videographer will capture at your lab. 

Please use this draft script to help you prepare for filming day.
· Filming should take no more than 10 minutes per step. If a step will take more than 10 minutes, prepare the product from that step in advance.

2. Computed Tomography (CT) and Biplanar Videoradiography (BVR)
2.1. Begin by acquiring a CT (C-T) scan of the distal forearm with a 25-centimeter data collection diameter [1]. Use a 20-centimeter field-of-view and the Bone Plus convolution algorithm to reconstruct the images [2].
2.1.1. WIDE: Talent scanning forearm
2.1.2. [bookmark: _Hlk60909923]SCREEN: To be provided by Authors: Image(s) being reconstructed

2.2. For biplanar videography, to capture the distal radius, distal ulna, carpal bones, and metacarpals and to minimize bony occlusions in various wrist postures, position image intensifiers below the forearms to be imaged [1] and set the angle between the intensifiers to 110 degrees [2].

2.2.1. WIDE: Talent placing intensifier 
2.2.2. Talent setting angle

2.3. Generate X‐rays in continuous mode with an exposure setting ranging from 65-75 kilovolts depending on the visibility of the bone and implant and 80 milliamps [1], adjusting the source‐to‐image distances of both X-Ray-image intensifier pairs at approximately 130 centimeters [2] and the source‐to-hand distances at 90 centimeters [3]. 

2.3.1. Talent acquiring x-ray
2.3.2. Talent adjusting source-to-image distance of at least one x-ray-II to 130 cm
2.3.3. Talent adjusting source-to-image distance of at least one x-ray-II to 90 cm

2.4. To remove any distortions, use an image of a flat piece of precision perforated sheet metal [1] and place undistortion grids onto the image intensifiers [2]. Capture their images both before and after videoradiography data [3].

2.4.1. Talent placing sheet
2.4.2. Talent placing grid(s)
2.4.3. SCREEN: To be provided by Authors: Image(s) being captured

2.5. To calibrate the images, use images of a 3D object with a known geometry and regularly spaced radio-opaque spheres to allow the generation of a relationship between the X-ray source position and orientation in 3D space and the image space [1].

2.5.1. Shot of 3D object with regularly spaced radio-opaque spheres

2.6. Capture radiographs of the calibration cube in various orientations four times before performing the experiment and four times after the experiment [1].

2.6.1. SCREEN: To be provided by Authors: Image being captured OR Talent imaging cube 

2.7. After imaging the cube, define various tasks to capture the wrist motion during flexion-extension, radial-ulnar deviation, and circumduction [1] and acquire videoradiographs of the forearm at a rate of 200 hertz with the camera shutter speed set at 500 microseconds with 2 seconds of imaging for each task [2].

2.7.1. Talent at computer, defining task(s), with monitor visible in frame
2.7.2. SCREEN: To be provided by Authors: Videoradiograph(s) being acquired

2.8. Then store the videoradiographs acquired from each X-ray source as a CINE video in an 8‐bit format [1].

2.8.1. SCREEN: To be provided by Authors: Videoradiograph being stored

3. Data Processing

3.1. After imaging, open the images in an appropriate program for anonymization [1] and, in the Anonymize window, select Anonymize All Images and click the Anonymize button [2].

3.1.1. WIDE: Talent opening the image(s), with monitor visible in frame
3.1.2. SCREEN: To be provided by Authors: Window being opened, anonymize all images being selected, button being clicked

3.2. To segment the bones or implants of interest, select Threshold from the Segment toolbar and select the predefined threshold sets of Bone. After the thresholded mask is created, use the Split Mask option to manually paint the Regions of bones or the implant components [1].

3.2.1. SCREEN: To be provided by Authors: Threshold being selected, threshold set being selected, then split Mask being used to paint regions 

3.3. When all of the regions have been painted, click OK and wait for the software to generate masks for each bone and implant component. Check all of the masks to ensure that they cover the intended regions completely [1-TXT].

3.3.1. SCREEN: To be provided by Authors: Ok being clicked, masks being generated, mask being checked TEXT: Use Edit Masks to manually modify regions as necessary

3.4. To create a partial image volume, select Threshold to generate a full-mask of the image volume containing all of the grey values and adjust the threshold values from the minimum to the maximum grey-values [1].

3.4.1. SCREEN: To be provided by Authors: Threshold being selected, mask being generated, then values being adjusted 

3.5. Use the Boolean Operators option to Subtract the segmented volume of the bone or implant of interest from the generated full-mask and change the color of the resulting partial volume mask to black. To export the mask, select Export DICOM (dye-com). The output is an image volume of the isolated bone or implant [1]. 

3.5.1. SCREEN: To be provided by Authors: Boolean Operator being selected, Subtract being used to subtract segment, color being changed, mask being exported

3.6. Then select Calculate 3D and Optimal Resolution to convert the segmented masks to triangulated meshed 3D surface models [1].

3.6.1. SCREEN: To be provided by Authors: Calculate 3D and Optimal Resolution being selected/masks being converted

4. Videoradiography Pre-Processing

4.1. To pre-process the videogradiographs, for each subject, create a new trial in XMALab (X-M-A-lab) software [1] and assign the folder paths to the Undistortion Grid images and 8 sets of calibration images in the New Trial dialog [2].

4.1.1. WIDE: Talent creating trial, with monitor visible in frame
4.1.2. SCREEN: To be provided by Authors: Folder path(s) being assigned

4.2. To de-distort radiographs, after grid images have been opened, click Compute Undistortion. The software will automatically detect and display the de-distorted images of the grids. Once the centers of all of the holes have been detected, select Calibration workspace [1].

4.2.1.  SCREEN: To be provided by Authors: Compute Undistortion being clicked, images being detected and displayed, and Calibration workspace being detected

4.3. To calibrate, select each of the 4 reference items placed in the calibration cube for all of the sets of images and for each view and select Optimize Camera Setup [1].

4.3.1. SCREEN: To be provided by Authors: Reference item(s) being selected, then Optimize Camera Setup being selected

4.4. On the image with the lowest error, select MayaCams 2.0 from the File-Export menu to export the images and select the Marker tracking workspace [1].

4.4.1. SCREEN: To be provided by Authors: MayaCams being selected, image being exported, then Marker tracking being selected
 
4.5. Click the plus icon to load the videoradiographs in CINE-format and select Undistorted Trial Images from the File-Export menu to export the undistorted trial images [1].

4.5.1. SCREEN: To be provided by Authors: Plus being clicked, Undistorted Trial Images being selected, images being exported

5. Model-Based Tracking 

5.1. To enhance the image features, select the contrast, Sobel, Gaussian, and Sharpen filters [1] and move the Pivot point in the each digitally reconstructed radiographs of each bone and component to achieve the best match possible between reconstruction and the radiographs [2].

5.1.1. WIDE: Talent selecting filter(s), with monitor visible in frame
5.1.2. SCREEN: To be provided by Authors: Pivot point being moved

5.2. Next, click Track Current to find the most similar match between the reconstruction and the radiographs [1-TXT].

5.2.1. SCREEN: To be provided by Authors: Track Current being clicked/match being found TEXT: Alternative: Use Tracking Dialog to match DRR and radiographs

5.3. After the first frame has been automatically optimized, open Tracking Dialog and change the From frame to 0 and the To frame to the last frame number [1-TXT].

5.3.1. SCREEN: To be provided by Authors: Tracking dialog being opened, from and to frames being changed TEXT: Repeat matching until accurate if necessary

5.4. Depending on the frame rate and the radiographic images quality, select Tracking-Advanced Dialog and click Smooth as necessary [1].

5.4.1. SCREEN: To be provided by Authors: Tracking-Advanced Dialog and Smooth being clicked/images being smoothed

5.5. After each bone has been matched to the radiographs and all of the frames have been optimized, click Save Tracking to export 4 x 4 transformation matrices of the digitally reconstructed radiographs and select the matrix format output [1].

5.5.1. SCREEN: To be provided by Authors: Save Tracking being clicked, then matrix format output being selected




Protocol Script Questions
Authors: Please use the step numbers from the script above (not step numbers from the manuscript) when answering the questions below. Please do not include steps that will be screen-captured and do not list entire sections.

A. Which steps from the protocol are the most important for viewers to see? Please list 4 to 6 individual steps. 
Click here to list 4 to 6 individual steps, using the step numbers from the protocol section of the video script.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1 or 2 individual steps from the script above.
Click here to list 1 or 2 individual steps, using the step numbers from the protocol section of the video script.



Results
Please review this section to make sure that it accurately reflects your findings.
· Use Track Changes when making edits or revisions.
· If you would like the video to include different results, please revise this section.
· When revising, please keep the length of the voiceover below 200 words. Current word count: 133. (Voiceover is the text that follows the two-digit numbers.)
· Please note that the video cannot include voiceover without an accompanying visual. 
· Notes in blue italics are for JoVE’s video editor.

6. Results: Representative Wrist and Distal Radioulnar Joint Biplanar Videoradiography Analysis

6.1. In this representative analysis [1], the 95% limits of agreement between the methods were minus 1.5 to plus 1.5 degrees in rotation [2] and minus 1.2 to 1.4 millimeters in translation for the wrist [3], minus 1 to 0.8 degrees in rotation [4] and minus 0.8 to 0.9 millimeters in translation for the total wrist arthroplasty [5] … 

6.1.1. LAB MEDIA: Tables 1, 2, and 3
6.1.2. LAB MEDIA: Tables 1, 2, and 3 Video Editor: please emphasize Over Wrist Rotation LOA column in Table 1
6.1.3. LAB MEDIA: Tables 1, 2, and 3 Video Editor: please emphasize Overall Wrist Translation LOA column in Table 1
6.1.4. LAB MEDIA: Tables 1, 2, and 3 Video Editor: please emphasize Overall TWA Rotation LOA column in Table 2
6.1.5. LAB MEDIA: Tables 1, 2, and 3 Video Editor: please emphasize Overall TWA Translation LOA column in Table 2

6.2. … and minus 1.1 to 0.9 degrees in rotation [1] and minus 1 to 1.4 millimeters in translation for the distal radioulnar joint motion [2].

6.2.1. LAB MEDIA: Tables 1, 2, and 3 Video Editor: please emphasize Overall DRUJ Translation LOA column in Table 3
6.2.2. LAB MEDIA: Tables 1, 2, and 3 Video Editor: please emphasize Overall DRUJ Translation LOA column in Table 3

6.3. For the wrist [1], the dynamic projected center of rotation was assessed through the full motion of the wrist on the capitate [2].

6.3.1. LAB MEDIA: Figure 6A
6.3.2. LAB MEDIA: Figure 6A Video Editor: please emphasize blue, yellow, red, and green ovals in image

6.4. For the total wrist arthroplasty [1], the contact articulation pattern of the components with a resolution of 0.4 millimeter was described [2].

6.4.1. LAB MEDIA: Figure 6B
6.4.2. LAB MEDIA: Figure 6B Video Editor: please emphasize lines on black shapes

6.5. For the distal radioulnar joint [1], it was observed that the ulnar variance dynamically changed and increased in pronation [2].

6.5.1. LAB MEDIA: Figure 6C
6.5.2. LAB MEDIA: Figure 6C Video Editor: please emphasize data lines over Pronation section of graph





Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

Below are prompts for interview statements that can be used to further emphasize the significance of your protocol. 
· Please answer one or two of the statements.
· Each statement is limited to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each statement. 
What is the most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section of the script that this advice applies to.
7.1. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.[1].

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Enter step numbers referred to.) 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Enter author name: Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words. [1].

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
Is each interview statement 30 words or fewer? ☐ Yes
Thank you for addressing our questions. We will incorporate your answers and suggestions and send you the final script before your filming day. You will also receive detailed preparation instructions in the email accompanying the final script.
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