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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 (through a camera port or one of the oculars). Please list the make and model of your microscope.
Enter make and model of microscope.

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 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 videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

☐ 	Interviewees self-record interview statements. JoVE can provide support for this option.

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

4. 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.

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

Current Protocol Length

Number of Steps:  23
Number of Shots:  54

Introduction
1. Introductory Interview Statements

Your answers to these questions will become author interview statements, which authors will memorize and then deliver on camera.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Fill out both required statements, one optional statement may also be selected.
· 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.

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.

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.

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.

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.



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.

1.6. 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.  
1.6.1. INTERVIEW: Author saying the above. 
1.6.2. The named demonstrator(s) looks up from workbench or desk or microscope and acknowledges the camera.

1.7. 

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

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. 3D Modeling
2.1. To begin, confirm the correct triangle normal orientation of the imported STL (S-T-L) files [1]. If the triangle orientation is incorrect, flip the triangle normal by clicking Select, Modify, and Select All. Next, click Select, then Edit and Flip Normals [2].
2.1.1. Wide: Establishing shot of talent at the computer, opening the imported STL files and checking the correct triangle normal orientation with monitor visible in the frame.
2.1.2. SCREEN: Triangle being flipped and edited.
Authors: Please create screen capture videos of the shots labeled SCREEN and upload them to your project page: https://www.jove.com/account/file-uploader?src=19042418

2.2. For eliminating the unwanted structures and refining the models needed to create the task trainer, click Select, then select the triangles on the undesired structures and click Edit and Discard [1]. Select the Edit and Plane Cut tool to crop the model to fit within the confines of the 3D printer build volume [2].
2.2.1. SCREEN: Unwanted structure being eliminated.
2.2.2. SCREEN: The model being cropped.

2.3. Reduce the computational overhead by clicking on Select and double-clicking anywhere on the mesh to select the entire mesh, then select Edit and Reduce. For Reduce Target, reduce the triangle budget under approximately 10,000 faces [1].
2.3.1. SCREEN: Mesh being selected and triangle budget being reduced.

2.4. Once the triangles of the mesh around the defect are selected, click on Select, then select Edit and Erase and Fill to improve the surface holes and irregularities [1]. Export and save the finished models using the STL file type [2]. 
2.4.1. SCREEN: defected area being selected, then removed.
2.4.2. SCREEN: Model being exported and saved.

2.5. Open the AutoDesk Fusion360 software, select the Insert and then Insert Mesh command to import the STL files of bone and tissue models in the workspace as a mesh [1]. 
2.5.1. SCREEN: Software being opened and STL files being imported in the workspace.

2.6. Convert the imported meshes into BRep solids by disabling the Fusion360 timeline, reduce the number of triangles in the target mesh to less than 10,000 [1], select the imported Mesh Body, then right-click to open the menu and select the Mesh to BRep option [1]. Authors: How would you like JoVE’s voice over talent to pronounce BRep?
2.6.1. Talent disabling the Fusion360 timeline, reducing the number of triangles with monitor visible in frame.
2.6.2. SCREEN: The imported meshes being converted into BRep solids.

2.7. After the meshes have been converted to BRep solids, resume the Fusion360 timeline [1]. Modify the solid to create the task trainer's mold by splitting the rectangular solid along the long axis of the tissue BRep [2].
2.7.1. SCREEN: Fusion360 timeline being resumed.
2.7.2. SCREEN: Rectangular solid being split and task trainer's mold being created.

2.8. Select 2 to 3 locations for support pins and place the pre-designed assembly group components to fix the task trainer's bones [1]. Import and position a bone plug onto the open marrow space of the Bone BRep to prevent tissue media from entering the marrow space and to keep the simulated bone marrow from draining out [2].
2.8.1. SCREEN: Support pin locations being selected and pre-designed assembly group components being placed.
2.8.2. SCREEN: Bone plug being imported and positioned on the open marrow space of the Bone BRep.

2.9. Generate an opening of 4 to 6 centimeters through the molds in the space represented by the tissue BRep solid to permit pouring the liquid tissue media into the mold [1]. Perform the mirror of the objects to make the task trainer for the ipsilateral side as demonstrated [2]. Authors: Please mention the steps for performing the mirror of the objects.
2.9.1. SCREEN: Opening being generated through the mold.
2.9.2. Talent performing the mirror of the objects with monitor visible in frame.

2.10. Once the components of the pre-designed assembly groups are positioned to fix the bones in space, click Boolean Combine to either add or cut the various assembly groups into the models [1]. Select the desired body within the workspace and right-click, then select Save As STL to export the final components for printing [2].
2.10.1. SCREEN: Assembly groups being added or cut in the models.
2.10.2. SCREEN: Area being selected and saved as STL file.
3. 3D Printing
3.1. Position the STL file on the bed of the 3D printer [1]. Ensure that the settings utilize 4 top and bottom layers and 3 perimeter shells [2] and print the components with poly-lactic acid 3D printer media filament using a 0.4-millimeter nozzle at a hot end temperature of 210 degrees Celsius [3].
3.1.1. SCREEN: STL file being positioned on the 3D printer bed.
3.1.2. SCREEN: Top layer, bottom layers and perimeters shells being shown in setting.
3.1.3. SCREEN: Filament, nozzle and temperature being shown.

3.2. Orient the bones vertically [1]. For printing, use a raft and set the layer height at 0.2 millimeters, infill at 20%, and use full support material [2]. Orient the mold components with the tissue surface facing up and print without a raft, set the layer height at 0.3 millimeters, infill at 15%, and use full support material [3].
3.2.1. Talent at the computer, orienting the bones vertically with monitor visible in screen.
3.2.2. SCREEN: Parameters being set.
3.2.3. SCREEN: Mold components being oriented and parameters being set.

3.3. Arrange the support pins and other components to minimize support material [1]. Print all pin support parts with a raft and set the layer height at 0.2 millimeters and infill at 20% [2]. Print the threaded components without support material at a reduced speed [3].
3.3.1. SCREEN: Support pins and other components being arranged.
3.3.2. SCREEN: parameters being set.
3.3.3. SCREEN: Speed being reduced for the threaded components.

3.4. Once each component's parameters are selected, prepare and export the GCODE (G-code) file generated by software to an SD (S-D) card [1]. Open the 3D printer software, select the saved GCODE file from the SD card and the 1.75-millimeter poly lactic acid 3D printer media filament for printing [2].
3.4.1. SCREEN: GCODE file being prepared and exported.
3.4.2. SCREEN: 3D printer software being opened, GCODE file being selected and filament being selected.
4. Preparation of Tissue Material and Assembly
4.1. Measure the gelatin, psyllium husk fiber, chlorhexidine solution, and sodium hypochlorite to prepare the tissue media and set aside [1-TXT]. Heat 1 liter of water to 85 degrees Celsius [2] and add the water to a mixing container several times larger than the volume of the ingredients [3]. 
4.1.1. Talent measuring the ingredients. TEXT: See text for ingredient weight 
4.1.2. Water being heated to 85 °C.
4.1.3. Talent adding heated water in large mixing container.

4.2. While vigorously shaking the tissue medium solution [1], add the measured ingredients one by one [2]. Heat the mixture in a water bath at 71 degrees Celsius for a minimum of 4 hours to allow the bubbles to dissipate from the solution [3]. Once the tissue medium reaches to 46 degrees Celsius, pour it in the assembled mold [4].
4.2.1. Talent mixing the solution.
4.2.2. Talent adding the ingredients in solution.
4.2.3. Talent placing the solution in water bath at 71 °C. Videographer: This shot will be used again.
4.2.4. Talent pouring the tissue medium in the mold. Videographer: This shot will be used again.

4.3. Prepare the simulated bone marrow solution by measuring 100 grams of cold water, 100 grams of ultrasound gel and 5 milliliters of red food color [1], then thoroughly mix the ingredients [2].
4.3.1. Talent measuring the ingredients.
4.3.2. Talent mixing the ingredients.

4.4. Spray the inner surfaces of the mold with a non-silicone-based releasing agent [1]. Secure the bone using support pins to maintain the correct position within the tissue space [2], then secure the bone to the bottom of the mold [3] and assemble the mold [4].
4.4.1. Talent spraying the surface of mold.
4.4.2. Talent securing the bone with support pins.
4.4.3. Talent securing the bone to the bottom of the mold.
4.4.4. Talent assembling the mold.

4.5. Verify the position of the bone plug to prevent the tissue medium from entering the marrow space during pouring [1]. Position the mold with the opening facing up [2] and pour the 46 degree Celsius warm tissue medium into the mold cavity [3].
4.5.1. Talent verifying the position of bone plug.
4.5.2. Talent placing the mold with the opening facing up.
4.5.3. Talent pouring tissue medium into the mold cavity.

4.6. Secure any leakage of the tissue medium from the mold by spraying it with an inverted air duster canister [1]. Transfer the filled mold to 4 degrees Celsius for a minimum of 6 hours or until the tissue medium has set [2].
4.6.1. Talent spraying the canister on the leakage.
4.6.2. Talent placing the mold at 4 °C.

4.7. Disassemble the mold and remove the task trainer and support pins [1]. Remove the bone plug, fill the simulated bone marrow solution in the marrow space, and replace the bone plug [2]. Store the task trainer in a plastic bag at 4 degrees Celsius or minus 20 degrees Celsius until use [3].
4.7.1. Talent disassembling the mold and removing task trainer and the support pins.
4.7.2. Talent removing bone plug, filling bone marrow solution and closing the plug.
4.7.3. Talent placing the task trainer in plastic bag.
5. Task Training
5.1. Once the task trainer reaches room temperature, instruct the trainees to place the IO needles and aspirate the simulated bone marrow [1]. Next, disassemble the task trainers to recover the tissue medium and the bones [2]. Authors: How would you like JoVE’s voice over talent to pronounce IO?
5.1.1. Talent placing IO needles and aspirating simulated bone marrow solution.
5.1.2. Talent disassembling the task trainer.

5.2. Reassemble the mold and reuse the recovered materials for subsequent training [1]. Alternatively, melt and pour the tissue medium in the molds as previously demonstrated [2] and store it at 4 degrees Celsius or minus 20 degrees Celsius [3].
5.2.1. Talent reassembling the mold.
5.2.2. Use 4.2.3
5.2.3. Use 4.2.4

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

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.



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: 165. (Voiceover is the text that follows the two-digit numbers)
· Please note that the video cannot include voiceover without an accompanying visual. 

6. Results: Analysis of 3D Printed Tissue Mold
6.1. This protocol was used for modeling and printing the three-dimensional tissue mold and the tissue structure surrounding the skeletal element using the CT scan of a patient’s left knee joint [1]. The designed tibia [2] resulted in a very close replica after printing [3]. 
6.1.1. LAB MEDIA: Figure 3
6.1.2. LAB MEDIA: Figure 3A
6.1.3. LAB MEDIA: Figure 3B

6.2. An opening made to expose the tissue cavity facilitated pouring of the tissue medium [1]. The mold was designed with two supporting pin assembly groups to support and suspend the bone structures within the tissue cavity [2].
6.2.1. LAB MEDIA: Figure 3B Video Editor: Please emphasize area at the bottom of the bone where screw will fit.
6.2.2. LAB MEDIA: Figure 3C and D

6.3. The task trainer was customized for the humerus and tibia [1] using an opaque [2] and transparent tissue medium which allows varying levels of visualization of skeletal structures or landmarks [3].
6.3.1. LAB MEDIA: Figure 4
6.3.2. LAB MEDIA: Figure 4A and C
6.3.3. LAB MEDIA: Figure 4B and D

6.4. The anatomical similarity was achieved between the CT scan data used to create the task trainer and the fully assembled humerus task trainers [1] with respect to bone thickness [2], skin depth [3] and tendon groove [4].
6.4.1. LAB MEDIA: Figure 5
6.4.2. LAB MEDIA: Figure 5A and D Video Editor: Please emphasize the circles and bone thickness diameter.
6.4.3. LAB MEDIA: Figure 5B and E Video Editor: Please emphasize the circles and skin depth diameter.
6.4.4. LAB MEDIA: Figure 5C and F Video Editor: Please emphasize the tendon groove and its diameter.

6.5. The time and the cost required to print the top of the mold was highest [1], followed by the bottom of the mold [2], the bones [3] and the hardware [4].
6.5.1. LAB MEDIA: Table 1 Video Editor: Please emphasize the structure, approximate print time and material cost columns.
6.5.2. LAB MEDIA: Table 1 Video Editor: Please emphasize box top raw.
6.5.3. LAB MEDIA: Table 1 Video Editor: Please emphasize box bottom raw.
6.5.4. LAB MEDIA: Table 1 Video Editor: Please emphasize bones raw.
6.5.5. LAB MEDIA: Table 1 Video Editor: Please emphasize hardware raw.


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. 
· Answer one or two of the prompts below.
· Limit the statements to 30 words.
· Answer the questions in full sentences; you will need to memorize and deliver the interview statements during filming. 
· Indicate the full name of the author who will deliver 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: (Enter step numbers referred to.) Click here to answer. Please use language that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
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.
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.


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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