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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?  No

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes, all done.

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. 

4. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  24
Number of Shots:  54

Introduction
1. Introductory Interview Statements

[bookmark: _Hlk72938656]Authors: Please write the names in (Enter author name.) once you decide who will deliver which statement during the shoot.

REQUIRED: 
1.1. Enter author name.: Here, we created a high-fidelity 3D printed task trainer derived from 3D anatomic scans.

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


1.2. Enter author name: The task trainers created using this protocol helps in performing all critical aspects of a chosen task or procedure. Various anatomically correct models can be created with this protocol.

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


OPTIONAL: 

1.3. Enter author name: It is hard to find the CT scans containing the desired anatomic sections. For maintaining the anatomical fidelity, it is very important to get appropriately closed holes in the bone segment, which is very difficult.


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

1.4. 

Protocol
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. LAB MEDIA: 3.1.1-3.1.4 Recording.mov: 00:18 to 00:39 Video editor: Please speed up the video.

2.2. To eliminate the unwanted structures and refine the models to create the task trainer, click on 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. LAB MEDIA: 3.1.1-3.1.4 Recording.mov: 02:23 to 02:45 Video editor: Please speed up the video.
2.2.2. LAB MEDIA: 3.1.1-3.1.4 Recording.mov: 05:42 to 05:58

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. LAB MEDIA: 3.1.1-3.1.4 Recording.mov: 09:06 to 09:23, 10:04 to 10:09, and 10:51 to 10:55 Video editor: Please speed up the video of the time duration 09:06 to 09:23

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. LAB MEDIA: 3.1.1-3.1.4 Recording.mov: 07:44 to 08:08 Video editor: Please speed up the video.
2.4.2. Talent at the computer, exporting and saving model as STL file with monitor visible in the frame.

2.5. Open the Autodesk Fusion360 software, select 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. LAB MEDIA: 3.2-3.2.6 Steps recording Part 1 of 2.mov: 00:04 to 00:14

2.6. For converting the imported meshes into BRep (Bee-Rep) solids, disable the Fusion360 timeline, reduce the number of triangles in the target mesh to less than 10,000, select the imported Mesh Body, then right-click to open the menu and select the Mesh to BRep option [1]. 
2.6.1. LAB MEDIA: 3.2-3.2.6 Steps recording Part 1 of 2.mov: 00:37 to 00:43 and 01:01 to 01:15. 

2.7. After the meshes have been converted to BRep solids, resume the Fusion360 timeline and modify the solid to create the task trainer's mold by splitting the rectangular solid along the long axis of the tissue BRep [1].
2.7.1. LAB MEDIA: 3.2-3.2.6 Steps recording Part 1 of 2.mov: 05:02 to 05:42. Video editor: Please speed up the video.

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 draining the simulated bone marrow [2].
2.8.1. LAB MEDIA: 3.2-3.2.6 Steps recording Part 2 of 2.mov: 02:27 to 02:43 Video editor: Please speed up the video.
2.8.2. LAB MEDIA: 3.2-3.2.6 Steps recording Part 2 of 2.mov: 03:45 to 04:02 and 05:17 to 05:50 Video editor: Please speed up the video.

2.9. Generate an opening of 4 to 6 centimeters through the molds in the space represented by the tissue BRep solid for pouring the liquid tissue media into the mold [1]. Perform the mirror of the objects to make the task trainer for the ipsilateral side [2]. 
2.9.1. LAB MEDIA: 3.2-3.2.6 Steps recording Part 2 of 2.mov: 09:52 to 10:00 and 10:26 to 11:06 Video editor: Please speed up the video.
2.9.2. LAB MEDIA: Mirror Image Step.mov: 01:03 to 01:15, 01:21 to 01:29, and 01:38 to 01:43 Video editor: Please speed up the video.

2.10. Once the components of the pre-designed assembly groups are positioned to fix the bones in space [1], click Boolean Combine to either add or cut the various assembly groups in the models [2]. Select the desired body within the workspace and right-click, then select Save As STL to export the final components for printing [3].
2.10.1. Talent at the computer, clicking the mouse button.
2.10.2. LAB MEDIA: 3.2-3.2.6 Steps recording Part 2 of 2.mov: 08:25 to 08:52. Video editor: Please speed up the video.
2.10.3. LAB MEDIA: Exporting bones to 3D Printing.mov: 00: 04 to 00:15 
3. 3D Printing
3.1. Position the STL file on the bed of the 3D printer and orient the bone vertically [1]. For printing, use a raft, full support material, a 0.4-millimeter nozzle, layer height at 0.2 millimeters with 4 top and bottom layers, 3 perimeter shells, infill at 20%, and hot end temperature of 210 degrees Celsius [2].
3.1.1. LAB MEDIA: Exporting bones to 3D Printing.mov: 00:29 to 00:39 Video editor: Please speed up the video.
3.1.2. LAB MEDIA: Exporting bones to 3D Printing.mov: 01:02 to 01:32.

3.2. 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 [1].
3.2.1. LAB MEDIA: 3D Printing Box Step.mov: 00:00 to 00:37. Video editor: Please speed up the video.

3.3. Arrange the support pins and other components to minimize support material. Print all pin support parts with a raft and set the layer height at 0.2 millimeters and infill at 20% [1]. Print the threaded components without support material at a reduced speed [2].
3.3.1. LAB MEDIA: 3D Printing Support Pins and Plugs.mov: 01:02 to 01:42 Video editor: Please speed up the video.
3.3.2. LAB MEDIA: 3D Printing Support Pins and Plugs.mov: 02:32 to 02:53 Video editor: Please speed up the video.

3.4. Once each component's parameters are selected, prepare and export the GCODE (G-code) file generated by the software to SD (S-D) card [1]. Open the 3D printer software, select the saved GCODE file from the SD card and 1.75-millimeter polylactic acid 3D printer media filament for printing [2].
3.4.1. LAB MEDIA: Exporting bones to 3D Printing.mov: 02:00 to 02:16.
3.4.2. Talent at the computer, opening the 3D printer software, selecting GCODE file and filament for printing.
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]. Add the heated water in 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 is heated to 85 °C.
4.1.3. Talent adding heated water in a 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 for dissipating the bubbles [3]. Once the tissue medium reaches 46 degrees Celsius, pour the medium into the assembled mold [4].
4.2.1. Talent mixing the solution.
4.2.2. Talent adding the ingredients in the solution.
4.2.3. Talent placing the solution in the water bath at 71 °C. 
4.2.4. Talent pouring the tissue medium in the mold. 

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 the 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 46 degrees Celsius warm tissue medium into the mold cavity [3].
4.5.1. Talent verifying the position of the 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 been 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 [1] and remove the task trainer and support pins [2]. Remove the bone plug [3], fill the simulated bone marrow solution in the marrow space [4], and replace the bone plug [5]. 
4.7.1. Talent disassembling the mold. 
4.7.2. Talent removing the task trainer and the support pins.
4.7.3. Talent removing the bone plug.
4.7.4. Talent filling bone marrow solution. 
4.7.5. Talent closing the plug.

4.8. Store the task trainer in a plastic bag at 4 degrees Celsius or minus 20 degrees Celsius until use [1].
4.8.1. Talent placing the task trainer in a plastic bag.
5. Task Training
5.1. Once the task trainer reaches room temperature, instruct the trainees to place the IO (eye-oh) needle [1] and aspirate the simulated bone marrow solution [2]. Next, disassemble the task trainers to recover the tissue medium and the bones [3]. 
5.1.1. Talent placing IO needles in the task trainer.
5.1.2. Talent aspirating the simulated bone marrow solution.
5.1.3. 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 into 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. Talent pouring the tissue medium in the mold. 
5.2.3. Talent placing the mold at 4 °C.
5.2.4. 

Results
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 the 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 the area at the bottom of the bone where the 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 were 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

7.1. Enter author name: It is important to have great adhesion when printing the molds to prevent warping. Remember to spray the releasing agent in the mold before pouring the gel into the mold.

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  Suggested B-Roll: 4.4.1

7.2. Enter author name: These trainers permit skill transfer from the training environment to the clinical environment because of their anatomical similarity with actual patients and help the learner to perform the critical procedures. 

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.  Suggested B-Roll: 5.1.1




 2021, Journal of Visualized Experiments	                        May 26, 2021	Page 9 of 9
image1.png




