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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N 
2. Does your protocol include 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.
3. Which steps from the protocol section below are the most important for viewers to see? None listed 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? None listed 
5. Will the filming need to take place in multiple locations? Y, the clinic and the laboratory, which are 200 meters apart.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Ji-Man Park: Intra-oral scanners introduce arch distortion in data they collect for dental prosthesis. Our coordinate system extraction protocol provides a tool for evaluating intra-oral scanners on the market.
1.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera


What is the main advantage of this technique?

1.2. June-Sung Shim: Our technique allows the analysis of distortion in critical parts of the dental arch in the x, y, and z directions, which is an improvement over current methods using best-fit alignment.
1.2.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera


OPTIONAL Interview Statements: N/A

Introduction of Demonstrator: (Said by you on camera)

1.3. Ji-Man Park: Demonstrating the procedure will be Jang-Hyn Kim, a technician from my laboratory.   

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






Ethics title card: N/A

Section - Protocol
2. Master Specimen Preparation
2.1. Work with a physical model to create the master specimen. [1] For this protocol, prepare a mandibular complete-arch model. [2] First, remove the canines, the second premolars, and the second molars for the study. [3] Take the model to a reference scanner to acquire the data necessary to generate the computer model. [4]
2.1.1. WIDE: Talent at/approaching bench on which sits the complete-arch model that already has the teeth removed
2.1.2. MED: Talent picking up the complete arch model
2.1.3. CU: The complete arch model shown consistent with the previous shot as the sites of the missing teeth are identified
2.1.4. WIDE: Talent approaching and using scanner
2.2. Next, upload the master specimen data to a computer-aided design program. [1] Using the reverse engineering software, design cylinders on top of the trimmed teeth, each with radius 2 millimeters and height 7 millimeters. [2] Design the cylinder of the left second molar so that it is inclined 30º medially and the cylinder for the right second molar so it is inclined 30º distally. [3]
2.2.1. WIDE: Talent at computer
2.2.2. LAB MEDIA: cad_image  (Authors: Please provide an image similar to the left side of Figure 1. Unless you feel it is necessary, do not include the labels, such as “37i”, etc. This image should have as high a resolution as possible. Ideally it would be an eps, tif, or pdf file. Use the filename “cad_image” and upload it to your project site.) Video editor: Please call attention to the cylinders in the image
2.2.3. LAB MEDIA: cad_image Video editor: During this shot, please move attention to the cylinders that are at an angle in the image
2.3. To define the coordinate system, add three 3.5 millimeter reference spheres posterior to the left second molar cylinder, with one sphere on the buccal side. [1] Use this design in a metal 3D printer to manufacture a cobalt-chromium alloy phantom model to serve as a patient’s dentition. [2]
2.3.1. LAB MEDIA: cad_image Video editor: During this shot, please call attention to the purple objects at the right of the image
2.3.2. LAB MEDIA: Fig1.png (Authors: If you can provide an image like Figure 1, but which does not have the additional notation on the computer image (for example, “37i”, etc.), please do. If you do this, upload the image to your project site. and change the above filename appropriately.) 

3. Reference Data Acquisition and Software Analysis
3.1. Return to the industrial model scanner with the metal phantom.[1] Use it to obtain a reference scan of the phantom. [2]  The next step is to set up the phantom for scanning with an intra-oral scanner. [3] When ready, use the intra-oral scanner being tested to scan the phantom. [4]
3.1.1. WIDE: Talent at/approaching the industrial scanner
3.1.2. MED: The scanner and/or phantom as talent works to perform a scan
3.1.3. WIDE: Talent setting up the phantom for scanning, possibly beginning the scan 
3.1.4. CU: The phantom as it is scanned by the intra-oral scanner 
3.2. Next, within CAD software, create a model of the phantom with the reference scan data. [1] To begin determining the reference coordinate, select Reference geometry, then Create and Sphere to choose the Pick boundary points command. Select four points on the reference sphere that are as far apart from each other as possible. Click Done to end point selection. The sphere’s center will be determined automatically. Repeat this for each sphere. [2]
3.2.1. MED: Talent at computer, using the CAD software
3.2.2. SCREEN: To be provided by the authors  Authors: Please go through the steps as described. Proceed at a pace that will allow viewers to understand what you are doing. 
3.3. Next, choose Reference geometry, Create, Plane, and Pick points in order to connect the centers of the three spheres to define a plane. Label this plane as the XY plane. Then, create a tangent plane by going to Reference geometry, Create, Plane, Offset plane. Place this above the xy plane.
3.3.1. SCREEN: To be provided by the authors  Authors: Please go through the steps as described. Proceed at a pace that will allow viewers to understand what you are doing. 
3.4. Once again choose Reference geometry, then Create, and Plane, to reach the Pick points command and generate a plane between the created points and the center of the lingual spheres. Go under Inspection, then Dimension, and use the Linear command to measure the distance from the plane to the center of the buccal sphere. With Geometry followed by Create and Plane, choose Offset Plane to create a parallel plane that passes through the midpoint of the buccal sphere.
3.4.1. SCREEN:  To be provided by the authors  Authors: Please go through the steps as described. Proceed at a pace that will allow viewers to understand what you are doing. 
3.5. Label this plane as the YZ plane. The center of the buccal sphere will be the origin of the coordinate system. Assign a line parallel to the line connecting the remaining two spheres as the Y-axis. Assign the line on the xy-plane that passes through the origin and is perpendicular to the y-axis as the X-axis. [1]
3.5.1. SCREEN:  To be provided by the authors  Authors: Please go through the steps as described to demonstrate what is taking place. Proceed at a pace that will allow viewers to understand what you are doing. 
3.6. Create a new coordinate system with Reference geometry, Create, Coordinate, and the “Pick origin & X, Y direction” command. Label the line perpendicular to the xy-plane and passing through the origin as the Z-axis. Go on to select Reference geometry and Bind to shell to fix the geometries created on top of the scan data. Then, under Reference geometry, Transform,  and Coordinate, find the Align coordinate command to transition to the newly created coordinate system. Note the coordinate indicator now coincides with one of the buccal spheres. [1]
3.6.1. SCREEN: To be provided by the authors  Authors: Please go through the steps as described to demonstrate what is taking place. Proceed at a pace that will allow viewers to understand what you are doing. 
3.7. Now, focus on one of the six cylinders in the image. Go to Reference geometry, Create, Cylinder, and the Pick boundary points command. Specify at least 10 points on the top boundary of the cylinder. Specify the same number of points on the ellipse defined where the tooth meets the bottom of the cylinder. Click Done to end point selection. Obtain the extracted coordinates of the center of the cylinder top for comparison with the coordinate values from the intra-oral scanner. [1] 
3.7.1. SCREEN: To be provided by the authors  Authors: Please go through the steps as described to demonstrate what is taking place. Proceed at a pace that will allow viewers to understand what you are doing. 




Section – Results
4. Results: Comparison of Coordinate Data from the CAD and 3-D Printed Models
4.1. Here are the CAD and 3-D printed model. The CAD image has labels for the sites used for comparison. [1] The difference in the coordinates for these sites between the two models demonstrates that the coordinates from the CAD design cannot be used as a reference and an industrial level scanner must be employed. [2]
4.1.1. LAB MEDIA:  Fig1.png Video editor: During the second sentence, please call attention to one or more labels (“37i” for example) in the left image.
4.1.2. LAB MEDIA: results1 Authors: Please provide an image to demonstrate the data in Table 1 of your manuscript. Previously I suggested a bar chart showing absolute or percentage difference of the coordinates for each of the sites. Name the file “results1” with the appropriate extension and provide it in the highest resolution you can. Upload the file to your project site.


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
What is most important thing to remember when attempting this procedure? 
5.1. Ji-Man Park: It is most important to transform from the arbitrary coordinates of the intra-oral scan to the newly created coordinate system using the reverse engineering reference sphere.
5.1.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera 
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. June-Sung Shim: Since the same type of data is used, this process can be automated through macro functions in the 3D analysis software to repeat each reverse engineering step.
5.2.1. INTERVIEW: Named talent making the above statement 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?
5.3. [bookmark: __DdeLink__11306_2522209617]Ji-Man Park: This quick and accurate way to analyze arch distortion addresses the biggest weakness of color-coded evaluation of Euclidean distances and could be used as an ISO standard or a test method.
5.3.1. INTERVIEW: Named talent making the above statement in an interview-style shot, looking slightly off-camera
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