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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  
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. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  YES
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://www.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   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 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:  26
Number of Shots:  54

Interviews 
1. Video 1: Author Spotlight: Dr. Bingshuang Zou, Dr. Angela Lo

Ethics Title Card
This retrospective study was reviewed, and the approval was acquired from the Clinical Ethics Board at the University of British Columbia, Vancouver, Canada.
This research has been approved by the Institutional Review Board at the University of British Columbia

Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

What is the scope of your research? What questions are you trying to answer? 
1.1. Dr. Bingshuang Zou: Dental movement assessment is important when evaluating orthodontic treatment outcomes. We are going to be demonstrating a method to evaluate the 3D movement of maxillary posterior teeth that have undergone clear aligner treatment. 

What are the most recent developments in your field of research?
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 50 or fewer words.
What technologies are currently used to advance research in your field?
1.3. 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 50 or fewer words.
What are the current experimental challenges?
1.4. 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 50 or fewer words.

What significant findings have you established in your field?
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 50 or fewer words.

What research gap are you addressing with your protocol?
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 50 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Dr. Angela Lo: This protocol used a combination of several software tools as well as palatal rugae and dentition as stable references. This combination allows for the superimposition and segmentation of individual teeth for the purpose of analyzing their movements and orientations.

How will your findings advance research in your field?
1.8. Dr. Bingshuang Zou: This protocol will show a method to analyze the differences between the software-predicted models and the actual treatment outcomes. By understanding efficacy and accuracy of software-predicted treatment, clinicians will have a better judgment on planning tooth movement.

What new scientific questions have your results paved the way for?
1.9. 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 50 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. 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 50 or fewer words.

Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (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 from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.


IMPORTANT! Continuous shots: Please list the shots that need to be performed continuously without any interruptions. This information will help the videographer during filming. 
Click here to list the shots to be performed continuously without any breaks

2. Video 2: Dental Palatal Superimposition of Pre- and Post-Treatment Digital Models in CloudCompare
Demonstrator: Dr. Angela Lo
Ethics Title Card
This retrospective study was reviewed, and the approval was acquired from the Clinical Ethics Board at the University of British Columbia, Vancouver, Canada.
This study received ethical approval from the Institutional Review Board at the University of British Columbia 

Protocol
2.1. To begin, launch the CloudCompare software on a computer [1]. Select the post-treatment digital maxillary model and click the Translate/Rotate (Translate-Rotate) icon [2]. 
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=19987003	Comment by Sulakshana  Karkala: AUTHORS: Please note that all pronunciation guides are given in red, italics. Kindly go through the same and change/provide alternate guides where necessary. 
2.1.1. WIDE: Talent launches the software on a computer. 
2.1.2. SCREEN: The post-treatment digital model is being selected and the Translate/Rotate icon is being clicked. 

2.2. Drag the models so they are side by side and click the Green Checkmark [1]. Choose the pre-treatment digital model and click the Segment icon [2].
2.2.1. SCREEN: The model is being dragged side by side and then the Green Checkmark is being clicked. 
2.2.2. SCREEN: The pre-treatment digital model is being selected then the Segment icon is being clicked. 

2.3. Choose four points on the palatal rugae and right-click to deselect [1]. Then click on Segment In and press the Green Checkmark [2].
2.3.1. SCREEN: 4 points on the palatal rugae are being clicked and deselected.  
2.3.2. SCREEN: Segment In is being clicked then the Green Checkmark is being pressed. 
2.4. Hide the PostTreatModel.remaining (Post-Treat-Model-remaining) and PreTreatModel.remaining (Pre-Treat-Model-remaining) models then select the PostTreatModel.part (Post-Treat-Model-part) and PreTreatModel.part (Pre-Treat-Model-part) models [1].
2.4.1. SCREEN: The PostTreatModel.remaining and PreTreatModel.remaining models are being hidden and the PostTreatModel.part and PreTreatModel.part models are being selected. 

2.5. Press the Rough Registration alignment icon and place at least three landmarks on each side of the midline for both palates [1]. Click Align, then the Green Checkmark to confirm the landmark placement [2].
2.5.1. SCREEN: The Rough Registration alignment icon is being clicked and at least 3 landmarks are being placed on each side of the midline for both palates. 
2.5.2. SCREEN: The landmarks are being placed and then Align and Green Checkmark are being clicked.  

2.6. Next,Unhide the meshes for both models [1] then copy the untransformed PostTreatModel.remaining model, click on Edit followed by Apply Transformation and paste the transformation matrix [2].
2.6.1. SCREEN: The meshes of both models are being unhidden. 
2.6.2. SCREEN: The untransformed model is being copied, Edit and Apply Transformation is being clicked and the matrix is being pasted. 

2.7. Hide the .remaining (Dot-remaining)  models and select both the PostTreatModel.part and PreTreatModel.part models [1]. Now press the Fine Registration alignment icon and choose the PreTreatModel.part model as the reference then click Ok (O-K) [2].
2.7.1. SCREEN: The. remaining models are being hidden and the .part models are being selected. 
2.7.2. SCREEN: The Fine Registration icon is being selected and the PreTreatModel.part model is being selected as reference, then OK is being clicked. 

2.8. Unhide the meshes for both models then move the untransformed PostTreatModel.remaining model as done earlier [1]. Click on Edit and Apply Transformation and paste the transformation matrix [2]. Save the models as STL(S-T-L) files [3]. 
2.8.1. SCREEN: Both models are being unhidden and the PostTreatModel.remaining is being moved 
2.8.2. SCREEN: Edit and Apply Transformation is being clicked and the transformation matrix is being pasted. 
2.8.3. SCREEN: The superimposed models are being saved as STL files. 

3. Video 3: Software-Model Preparation for Dental Superimposition and Tooth Crown Manipulation with Rhinoceros Software
Demonstrator: Dr. Angela Lo
Ethics Title Card
This retrospective study was reviewed, and the approval was acquired from the Clinical Ethics Board at the University of British Columbia, Vancouver, Canada.
This study received ethical approval from the Institutional Review Board at the University of British Columbia 

Protocol

3.1. To begin, launch the Rhinoceros software on a computer system [1]. After importing the relevant STL files, select the simulated gingiva and press Delete to remove it [2]. 
3.1.1. WIDE: Talent launches the Rhinoceros software on a computer. 
3.1.2. SCREEN: The simulated gingiva is being selected and Delete is being pressed to remove it. 

3.2. Click on MeshTools and select Meshplane [1]. Draw a plane around the teeth and move it to the occlusal one-third of the tooth crowns [2].
3.2.1. SCREEN: MeshTools and Meshplane are being selected. 
3.2.2. SCREEN: A plane is being drawn around the teeth and placed at the occlusal one-third of the tooth crowns.

3.3. Double-click the Right button to expand the right view [1]. Next, enter the command MeshBooleanSplit, select the plane and all the teeth, then press Enter [2].
3.3.1. SCREEN: The Right button is being doubled clicked and the right view is seen. 
3.3.2. SCREEN: MeshBooleanSplit is being entered, and the plane and all teeth are selected then Enter is being clicked. 

3.4. Delete the plane and cervical portions, leaving the one-third occlusal tooth crowns [1]. Then save the split model as an STL file [2].
3.4.1. SCREEN: The plane and cervical portions are being deleted. 
3.4.2. SCREEN: The split model is being saved as an STL file. 
4. Video 4:  Superimposition of Software-Predicted and Post-Treatment Digital Dental Models With CloudCompare
Demonstrator: Dr. Angela Lo
Ethics Title Card
This retrospective study was reviewed, and the approval was acquired from the Clinical Ethics Board at the University of British Columbia, Vancouver, Canada.
This study received ethical approval from the Institutional Review Board at the University of British Columbia 

Protocol
4.1. To begin, launch the CloudCompare software [1]. After importing the relevant superimposed files, uncheck the corresponding boxes to hide the split predicted model and the post-treatment digital model [2]. Then select the split pre-treatment model and pre-treatment digital model [3].	Comment by Sulakshana  Karkala: AUTHORS: Please note that every new video is considered a standalone video and requires an establishing shot. Hence the repetition of shots. 
4.1.1. Reuse 2.1.1
4.1.2. SCREEN: The split predicted and the post-treatment digital models are being hidden. 
4.1.3. SCREEN: The split pre-treatment and pre-treatment digital models are being selected. 

4.2. Now click the Rough Registration alignment icon and place corresponding landmarks on the crowns' cusps for both models [1]. Press Align, followed by the Green Checkmark to confirm landmark placement [2].
4.2.1. SCREEN: Rough Registration icon is being clicked and landmarks are being placed on the crown cusps for both models. 
4.2.2. SCREEN: Align is being clicked then the Green Checkmark is pressed. 

4.3. Unhide the split predicted and post-treatment models, copy the transformation matrix then click Edit followed by Apply Transformation [1]. Paste the matrix to move the model [2]. 
4.3.1. SCREEN: The split predicted and post-treatment models are being unhidden, then the matrix is being copied, Edit and Apply Transformation is pressed.
4.3.2. SCREEN: The transformation matrix is being pasted. 

4.4. Now Hide the post-treatment and split predicted models then select the pre-treatment and split pre-treatment models [1]. Press the Fine Registration alignment icon, Unhide the meshes and move the transformation matrix as before [2].
4.4.1. SCREEN: The post-treatment and split predicted models are being hidden then the pre-treatment and split pre-treatment models are being selected. 
4.4.2. SCREEN: The Fine Registration alignment icon is being clicked, then the meshes are unhidden and the transformation matrix is being moved. 

4.5. Finally, Unhide the split predicted and post-treatment digital models then Hide the pre-treatment split and digital models, to show the superimposition [1]. 
4.5.1. SCREEN: The split predicted and post-treatment digital models are being unhidden then the pre-treatment models are being hidden to show superimposition. 
5. Video 5: Dental Crown Segmentation Using Meshmixer
Demonstrator: Dr. Angela Lo
Ethics Title Card
This retrospective study was reviewed, and the approval was acquired from the Clinical Ethics Board at the University of British Columbia, Vancouver, Canada.
This study received ethical approval from the Institutional Review Board at the University of British Columbia 

Protocol
5.1. To begin, launch the Meshmixer software on the computer [1] then import the split predicted models and the post-treatment digital models [2]. Click on the Eye icon to Hide the split predicted model, keeping the post-treatment digital model visible [3]. 
5.1.1. WIDE: Talent launches the Meshmixer software.
5.1.2. SCREEN: The relevant files are being imported. 
5.1.3. SCREEN: The Eye icon is being clicked to hide the split predicted model.

5.2. On the post-treatment model, click Select and adjust the Brush size [1]. Drag the Brush tool on the occlusal surface of the selected tooth to segment the crown [2]. 
5.2.1. SCREEN: Select is being clicked and the Brush size is being adjusted. 
5.2.2. SCREEN: The Brush tool is being dragged on the occlusal surface of a tooth to segment the crown. 

5.3. Now click Modify followed by Invert and Edit then Discard to delete the rest of the model, leaving only the segmented crown [1]. Click on the Eye icon again to unhide the split predicted model and Hide the post-treatment model [2]. Repeat crown segmentation for the split predicted model [3]. 
5.3.1. SCREEN: Modify followed by Invert and Edit then Discard is being clicked to delete rest of the model. 
5.3.2. SCREEN: The split predicted model is being unhidden then the post-treatment model is being hidden.
5.3.3. SCREEN: The segmented crown of the split predicted model is being seen. 
6. Video 6: Dental Superimposition for Tooth Alignment and Transformation with CloudCompare 
Demonstrator: Dr. Angela Lo
Ethics Title Card
This retrospective study was reviewed, and the approval was acquired from the Clinical Ethics Board at the University of British Columbia, Vancouver, Canada.This study received ethical approval from the Institutional Review Board at the University of British Columbia
 
Protocol
6.1. To begin, launch the CloudCompare software on the computer [1]. After importing the segmented crown files, hide the post-treatment tooth [2]. Then select both the hidden post-treatment tooth and the visible predicted tooth [3]. 
6.1.1. Reuse 2.1.1
6.1.2. SCREEN: The post-treatment tooth is being hidden.
6.1.3. SCREEN: The hidden post-treatment tooth and the visible predicted tooth are being selected.

6.2. Now choose the bottom view and click the Translate/Rotate icon [1]. Use the X, Y and Z planes to rotate the tooth so the buccal cusp aligns with the vertical line [2]. 
6.2.1. SCREEN: The bottom view is being selected and the Translate/Rotate icon is being clicked. 
6.2.2. SCREEN: The tooth is being rotated using the X, Y, Z planes to align the buccal cusp with the vertical line. 

6.3. Select the left side view and click the Translate/Rotate icon then line up the buccal and lingual cusps with the horizontal line [1]. Similarly, choose the back view and line up the buccal and lingual cusps with the horizontal line [2]. 
6.3.1. SCREEN: The left side view is being selected, then Translate/Rotate is being clicked and the buccal and lingual cusps are being aligned with the horizontal line. 
6.3.2. SCREEN: The back view is being selected, then Translate/Rotate is being clicked and the buccal and lingual cusps are being aligned with the horizontal line.

6.4. Once all cusps are aligned, click the Translate/Rotate icon to center the tooth on the grid in all views [1]. Now, unhide the post-treatment tooth and select both the predicted tooth and the post-treatment tooth [2].
6.4.1. SCREEN: Translate/Rotate is being clicked to center the tooth on the grid in all views. 
6.4.2. SCREEN: The post-treatment tooth is made visible, and both predicted and post-treatment teeth are selected. 

6.5. Press the Fine Registration alignment icon to register the post-treatment tooth over the predicted tooth then click OK [1]. Then choose the post-treatment tooth, copy the transformation matrix and press Edit followed by Apply Transformation to paste the transformation matrix [2].
6.5.1. SCREEN: Fine Registration is clicked to register the post-treatment tooth over the predicted tooth then OK is clicked. 
6.5.2. SCREEN: The post-treatment tooth is being chosen, the transformation matrix is copied and then pasted. 

6.6. Finally select the Euler Angles icon to display the rotational and linear movements between the predicted and post-treatment teeth [1].
6.6.1. SCREEN: Euler Angles is being clicked to show the rotational and linear movements between the teeth. 
Representative Results
6.7. The angular measures for rotation, torque, and tip varied more [1] than the distance measures for buccal-lingual, mesial-distal, and occlusal-gingival translations [2]. The mean rotation differences for first premolars and second premolars were greater than 2 degrees [3]. 
6.7.1. LAB MEDIA: Table 3		Video Editor: Please highlight the Mean values of Rotation, Torque and Tip of all columns.
6.7.2. LAB MEDIA: Table 3		Video Editor: Please highlight the Mean values of Buccal-Lingual, Mesial-Distal and Occlusal-Gingival of all columns
6.7.3. LAB MEDIA: Table 3		Video Editor: Please highlight the Mean values of Rotation of only the First Premolar and Second Premolar columns

6.8. Torque for all tooth types substantially deviated from zero [1] while the mean difference for second premolars and first molars was less than minus 2 degrees [2]. 
6.8.1. LAB MEDIA: Table 3		Video Editor: Please highlight the Mean values of Torque of all columns.
6.8.2. LAB MEDIA: Table 3		Video Editor: Please highlight the Mean values of Torque of only the First Premolar and Second Premolar columns.
6.9. Minor differences were observed across all attachments [1].
6.9.1. LAB MEDIA: Figure 4
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