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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
☐ Correct 
☐ Incorrect 

2. Interview statements: Which interview statement filming option is the most appropriate for your group? Please select one.

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

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


[bookmark: Text5]3. Proposed interview filming date: Please indicate the proposed date that your group will self-film interviews: MM/DD/YYYY

DO NOT use this draft script for filming Interviews. Please wait until your script is finalized to begin the filming process. 

When you are ready to submit your video files, please contact our China Location Producer, Junling Cheng.

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: 50 
Number of Shots: 57 

Interviews 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 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.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.

INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter full 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.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter full 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.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter full 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 does this protocol allow researchers to study or measure?
1. 
1.1. 
1.2. 
1.3. 
1.4. Enter full 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.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter full 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.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter full 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 can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter full 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.



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.) 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 you/your videographer will capture. 

2. Chamber Scanning of the Standard Tooth Model
Demonstrator: Click here to enter name of demonstrator(s)

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

Authors: Please carefully check all added filenames and timestamps and make changes where necessary.

2.1. Begin by applying a thin, uniform layer of scanning powder or anti-reflective spray to the surface of the standard tooth model to reduce reflection-related scanning errors [1].
2.1.1. LAB MEDIA: IMG_0001.mp4 00:00 – 00:12

2.2. Open the 3D scanning software, create a new order, and name it according to the target tooth position [1]. Confirm the scanning settings, then click Start Scan [2].
2.2.1. LAB MEDIA: IMG_0002.mp4 00:00 – 00:10
2.2.2. LAB MEDIA: IMG_0002.mp4 00:11 – 00:23


3. Segmentation and Processing of the Scanned Tooth Model 
Demonstrator: Click here to enter name of demonstrator(s)

3.1. Open 3D scan data processing software, click on File, select the STL file of the standard tooth model, then click on Open [1].
3.1.1. LAB MEDIA: IMG_0003.mp4 00:00 – 00:04

3.2. In the unit selection window, select Millimeters and click on OK [1].
3.2.1. LAB MEDIA: IMG_0003.mp4 00:04 – 00:06

3.3. Click on Polygons, select Trim, and then select Trim with Plane while manually adjusting the position of the cutting plane to the planned root sectioning level [1].
3.3.1. LAB MEDIA: IMG_0003.mp4 00:07 – 00:17, 00:18 – 00:28

3.4. After confirming the cutting region, click Intersect Plane, select Delete Selection, select Close Intersection, then click OK to remove the excess root portion and close the open boundary, thus obtaining a watertight standard digital tooth model [1].
3.4.1. LAB MEDIA: IMG_0003.mp4 00:30 – 00:40, 00:41 – 00:52

3.5. Click on File, then Save and choose STL binary File in the File Type list [1].
3.5.1. LAB MEDIA: IMG_0003.mp4 00:53 – 00:57

4. Construction of the Standard Tooth Model Base 
Demonstrator: Click here to enter name of demonstrator(s)

4.1. Next, in the 3D modeling software, click on File, then Open and select the STL file of the standard digital tooth model [1].
4.1.1. LAB MEDIA: IMG_0004.mp4 00:00 – 00:07

4.2. Click on Options, import as Solid Body or Surface Body, and select Create mesh bodies bounded by single faces, next Group facets into faces, then click on OK and Open, so that the triangular facets at the bottom of the tooth model can be recognized as a relatively complete reference face [1].
4.2.1. LAB MEDIA: IMG_0004.mp4 00:08 – 00:13, 00:15 – 00:25

4.3. To create the center point of the model base, select the bottom surface of the tooth model, click on Features, then Point, Center of Face  and OK to generate the center point, named as 1 [1].
4.3.1. LAB MEDIA: IMG_0004.mp4 00:26 – 00:35, 00:36 – 00:46

4.4. Choose the bottom surface of the tooth model as the sketch plane, then click Sketch, then Center Rectangle [1]. Draw a rectangle centered at Point 1 and click on Smart Dimension to set the rectangle to 25 millimeters by 25 millimeters, then click on Exit Sketch after naming it Sketch 1 [2].
4.4.1. LAB MEDIA: IMG_0004.mp4 00:49 – 00:54
4.4.2. LAB MEDIA: IMG_0004.mp4 00:55 – 01:07, 01:08 – 01:18, 01:19 – 01:30 

4.5. Select Sketch 1, in the Features tab, and click on Extruded Boss/Base [1]. Under Direction 1, select Blind, set the Depth to 20 millimeters, and click on OK to generate the standard tooth model base [2].
4.5.1. LAB MEDIA: IMG_0004.mp4 01:32 – 01:35
4.5.2. LAB MEDIA: IMG_0004.mp4 01:36 – 01:45


5. Design of the Wax Block Holder and Marker Sockets
Demonstrator: Click here to enter name of demonstrator(s)

5.1. Using the 3D modeling software, click New, then Part, and OK on the home page [1].
5.1.1. LAB MEDIA: IMG_0005.mp4 00:00 – 00:05

5.2. Choose the Top Plane and click on Sketch [1]. Click on Center Rectangle and draw the initial sketch centered at the Origin [2].
5.2.1. LAB MEDIA: IMG_0005.mp4 00:06 – 00:11
5.2.2. LAB MEDIA: IMG_0005.mp4 00:12 – 00:20

5.3. Click Smart Dimension to set the rectangle to 40 millimeters by 40 millimeters, name it Sketch 1, then click Exit Dimension [1].
5.3.1. LAB MEDIA: IMG_0005.mp4 00:21 – 00:38

5.4. Choose Sketch 1, click on Features, then Extruded Boss/Base, under Direction 1, choose Blind, and set the Depth to 32.5 millimeters to create a 40 millimeters by 40 millimeters by 32.5 millimeters cuboid, naming it Boss – Extrude 1 [1].
5.4.1. LAB MEDIA: IMG_0005.mp4 00:40 – 00:50, 00:51- 00:57 

5.5. Choose the top surface of the cuboid, click on Sketch, then Center Rectangle, and create the initial sketch centered at the Origin [1]. Then click Smart Dimension and set the rectangle size to 25.2 millimeters by 25.2 millimeters and name it Sketch 2 [2]. 
5.5.1. LAB MEDIA: IMG_0005.mp4 00:58 – 01:10
5.5.2. LAB MEDIA: IMG_0005.mp4 01:11 – 01:23, 01:24 – 01:36, 01:37 – 01:43

5.6. Choose Sketch 2, click on Features, then Extruded Cut, and set the cut depth to 20 millimeters to create the wax-block recess [1].
5.6.1. LAB MEDIA: IMG_0005.mp4 01:44 – 01:49, 01:52 - 02:02, 02:03 – 02:12

5.7. Choose one vertical surface of the cuboid and click on Sketch and Center Rectangle [1]. Draw a rectangle on the chosen face, click Smart Dimension, and set it to 5.2 millimeters by 5.2 millimeters, then name it Sketch 3 [2].
5.7.1. LAB MEDIA: IMG_0005.mp4 02:13 – 02:22
5.7.2. LAB MEDIA: IMG_0005.mp4 02:23 – 02:32, 02:50 – 03:00. 03:02 - 03:13

5.8. Click on Features, then in Extruded Cut choose Sketch 3, and set the cut depth to 5 millimeters, then repeat the above steps to create sockets on the four vertical surfaces [1-TXT]. 
5.8.1. LAB MEDIA: IMG_0005.mp4 03:15 – 03:27, 03:30 – 03:33
TXT: See text protocol for bottom surface socket details


6. Design for Base Stability and Carving Comfort
Demonstrator: Click here to enter name of demonstrator(s)

6.1. In the 3D (3-d)  modeling software, click New, then Part, and click OK on the home page [1].
6.1.1. LAB MEDIA: IMG_0006.mp4 00:00 – 00:05

6.2. Choose the Top Plane and click on Sketch, then Circle, draw an 80 millimeters -diameter circle centered at the Origin and name it Sketch 1[1].
6.2.1. LAB MEDIA: IMG_0006.mp4 00:06 – 00:11, 00:12 – 00:23, 00:24 – 00:28

6.3. Choose Sketch 1, click on Features, then Extruded Boss/Base, and set the depth to 5 millimeters to create a circular stabilizing plate [1].
6.3.1. LAB MEDIA: IMG_0006.mp4 00:30 – 00:40

6.4. Click on Right Plane and draw an isosceles right triangle with the Origin as the midpoint of the hypotenuse, a side length of 40 millimeters, and a 45-degree angle to create a sketch named Sketch 2 [1].
6.4.1. LAB MEDIA: IMG_0006.mp4 00:41 – 00:52, 00:53 – 01:03, 01:05 -01:18, 01:19 – 01:28

6.5. Choose Sketch 2, click on Features, then Extruded Boss/Base, choose Mid Plane under Direction, and set the depth to 40 millimeters to generate a 45-degree inclined structure, naming it Boss-Extrude 2 [1].
6.5.1. LAB MEDIA: IMG_0006.mp4 01:49- 02:00, 02:01 - 02:13

6.6. Choose the inclined surface, click on Sketch, then Center Rectangle and draw a 10 millimeters by 10 millimeters center rectangle [1]. Click on Extruded Boss/Base and set the depth to 10 millimeters to create the supporting connector to the base [2].
6.6.1. LAB MEDIA: IMG_0006.mp4 02:17 – 02:28, 02:32 – 02:36
6.6.2. LAB MEDIA: IMG_0006.mp4 02:55 – 03:05, 03:06 – 03:15

7. Design of the 3D Object Tracking Markers
Demonstrator: Click here to enter name of demonstrator(s)

7.1. Again, in the 3D (3-d) modeling software, click New, then Part, and OK on the home page [1].
7.1.1. LAB MEDIA: IMG_0007.mp4 00:00 – 00:05

7.2. Choose the Top Plane and click on Sketch then Polygon [1]. Draw a hexagon centered at the Origin, click on Smart Dimension, set the side length to 7.5 millimeters, naming it Sketch 1 [2].
7.2.1. LAB MEDIA: IMG_0007.mp4 00:06 – 00:16
7.2.2. LAB MEDIA: IMG_0007.mp4 00:17 – 00:28, 00:29 – 00:36

7.3. Choose Sketch 1, click on Features, then Extruded Boss/Base, and set the depth to 10 mm [1].
7.3.1. LAB MEDIA: IMG_0007.mp4 00:38 – 00:50

7.4. Choose the bottom face, click on Sketch, then Center Rectangle and draw a 5 millimeters by 5 millimeters center rectangle, naming it Sketch 2 [1].
7.4.1. LAB MEDIA: IMG_0007.mp4 00:55 – 01:04, 01:05 - 01:15, 1:16 – 01:24

7.5. Choose Sketch 2, click on Features, then Extruded Boss/Base, and set the depth to 5 millimeters to form a pin that fits into the negative socket of the base [1].
7.5.1. LAB MEDIA: IMG_0007.mp4 01:25 – 01:35, 01:36 – 01:42

7.6. Use the Draft function with the top face as the Neutral Plane [1]. Select each side surface as the Draft Plane and apply different draft angles to each surface to increase the asymmetry of the geometric features [2]. Adjust the draft angles based on recognition performance, while avoiding complete symmetry across all side surfaces [3].
7.6.1. LAB MEDIA: IMG_0007.mp4 01:45 – 01:48
7.6.2. LAB MEDIA: IMG_0007.mp4 01:49 – 01:58
7.6.3. LAB MEDIA: IMG_0007.mp4 02:00 – 02:11, 02:12 – 02:24, 02:25 – 02:30

7.7. Choose the top surface of the marker, click on Sketch, then Text, and enter a text label to add local visual features and assist recognition [1]. Name it Sketch 3 [2].
7.7.1. LAB MEDIA: IMG_0007.mp4 03:00 – 03:15
7.7.2. LAB MEDIA: IMG_0007.mp4 03:33 – 03:43

7.8. Choose Sketch 3, click on Features, then Extruded Boss/Base, and set the extrusion depth to 2 millimeters [1].
7.8.1. LAB MEDIA: IMG_0007.mp4 03:43 – 03:50

8. Assembly of the Base and AR Markers
Demonstrator: Click here to enter name of demonstrator(s)

8.1. In the 3D modeling software, click New, then Assembly, and click OK on the home page [1].
8.1.1. LAB MEDIA: IMG_0008.mp4 00:00 – 00:05

8.2. Then click Insert Components to import the AR (a- r) tracking wax-block base, stabilizing support structure, and all three-dimensional object-tracking markers [1].
8.2.1. LAB MEDIA: IMG_0008.mp4 00:05 – 00:13, 00:18 – 00:28

8.3. Click on Mate function and apply Coincident, Parallel, Perpendicular, or other mating relationships to define the spatial positions between the markers and the base [1].
8.3.1. LAB MEDIA: IMG_0008.mp4 00:35 – 00:45 , 00:47 – 00:59

9. 3D Printing and AR Assisted Tooth Carving
Demonstrator: Click here to enter name of demonstrator(s)

9.1. Proceed with 3D printing and post-processing of the models [1].
9.1.1. LAB MEDIA: IMG_0009.mp4 00:00 – 00:08

9.2. Select the AR marker, click Virtual Navigation, then Camera Navigation, and in the pop-up window, select the camera to use to start AR navigation [1].
9.2.1. LAB MEDIA: IMG_0010.mp4 00:00 – 00:04

9.3. Place the physical three-dimensional object tracking marker at the center of the camera view, maintaining a working distance of approximately 25 centimeters [1].
9.3.1. LAB MEDIA: IMG_0010.mp4 00:05 – 00:08

9.4. Adjust the angle of the camera allowing the virtual marker outline in the software to overlap the physical marker as closely as possible in size, orientation, and position, letting the virtual marker outline change from red to green [1].
9.4.1. LAB MEDIA: IMG_0010.mp4 00:08 – 00:16

9.5. Determine the initial cutting area and direction based on the overlay between the virtual tooth model and the wax block, rotating the base slowly to observe the virtual tooth model from different viewing angles [1].
9.5.1. LAB MEDIA: IMG_0010.mp4 00:17 – 00:31, 00:40 – 00:53

9.6. In Model Settings, select the corresponding marker to switch the viewing surface [1].
9.6.1. LAB MEDIA: IMG_0010.mp4 00:33 – 00:39

9.7. Adjust the color and transparency of the virtual tooth model in Model Settings according to the stage of observation [1].
9.7.1. LAB MEDIA: IMG_0010.mp4 00:59 – 01:04

9.8. Once registration is complete, use the virtual tooth model overlay to guide the AR-assisted tooth-carving demonstration [1].
9.8.1. LAB MEDIA: IMG_0010.mp4 01:05 – 01:15, 01:19 – 01:29, 01:35 – 01:45, 01:50 – 01:57 



Results
Please review this section to make sure that it accurately reflects your findings.
· You/Your videographer does not have to record this section. 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: 101. 
· Please note that the video cannot include voiceover without an accompanying visual.

10. Results 

10.1. The buccal view displayed broad green regions with localized red-orange and blue deviations around the cusps and central surface [1]. 
10.1.1. LAB MEDIA: Figure 5A. Video Editor: In Panel A please highlight the green regions across the buccal surface, followed by the localized red-orange and blue regions around the cusps and central surface.
10.2. The lingual view showed a predominantly green central surface with blue deviations concentrated along the cusp regions [1]. 
10.2.1. LAB MEDIA: Figure 5B.Video Editor: In Panel B, please highlight the broad green region on the lingual surface and use arrows to indicate the blue deviation regions along the cusps.
10.3. The occlusal view displayed the most extensive mixture of red-orange and blue regions, indicating greater variation across the cusps and grooves [1].
10.3.1. LAB MEDIA: Figure 5C. Video Editor: In Panel C, please highlight the extensive red-orange and blue regions distributed across the occlusal cusps and grooves.
10.4. The mesial view showed a large green central region with localized blue deviations along the upper and lower surface margins [1]. The distal view showed broad green correspondence with red-orange deviations near the upper and central regions and localized blue deviations along the outer surfaces [2].
10.4.1. LAB MEDIA: Figure 5D. Video Editor: In Panel D please highlight the large green region on the mesial surface, followed by the localized blue regions along the upper and lower margins.
10.4.2. LAB MEDIA: Figure 5E. Video Editor: In Panel E, highlight the green region across the surface, followed by the red-orange areas near the upper and central regions and the localized blue areas along the outer surfaces.
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