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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy? N

2. Does your protocol demonstrate 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. Please upload all screen captured files to your project page by your script return deadline.

3. Which steps from the protocol section below are the most visually important? Please list 4-6 individual steps using the step numbers listed in this document. This information is important for informing the Videographer how to film these steps. (Do not include steps that will be screen captured or represented by lab media. Do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

5. Will the filming need to take place in multiple locations (greater than walking distance)? (Y/N)
If yes, how far apart are the locations? N


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.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

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

1.1. Madhur UpadhyayAuthor Name: In orthodontics the method of obtaining a 3d location of the center of mass of a tooth or set of teeth is not very clear. Giving a step by step method is a way of empowering the rest of the scientific community with this technology so that we don’t keep reinventing the wheel and move on more to the application side.___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

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


What is the main advantage of this technique?

1.2. David PierceAuthor Name: Our approach allows an a priori, quantitative, and non-invasive assessment of the center of resistance, regarded as the fundamental reference point for predictable tooth movement. Our method uses newer low-dose, low resolution cone beam computed tomography (CBCT) images to determine the center of resistance for an arbitrary set of teeth.___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

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





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

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 
· Each author may give two Introduction statements maximum (i.e., two Required, two Optional, or one Required + one Optional).

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).

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

Are there any specific areas of research that this method could provide insight into? 
Can this method be applied to any other systems?

1.4. Vaibhav GandhiAuthor Name: Besides maxillary teeth, this technique can also be applied to the mandibular dentitions. In the future, it would be interesting to apply the concepts of this technique to simulate the complex tooth movement with multibracket assembly. The results of these predictions may help the researchers to design the more efficient appliance system in orthodontics. ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
1.5. 

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

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?

1.6. Author Name: ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

1.6.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera


Why is visual demonstration of this method critical?

1.7. Author Name: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

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

Introduction of Demonstrator (Said by you on camera):

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.8. Author Name: Demonstrating the procedure will be _________ (name of the person or persons), a _________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  

1.8.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name).
	OR
Procedures involving human subjects have been approved by the Institutional Review Board (IRB) or equivalent body at University of Connecticut Health(insert Institutional Name). (IRB no. 17- 071S-2).


Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read 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 a single workday, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and workspaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
· Each section must contain a minimum of 3 steps (~6 shots), so short sections may be combined.
2. Tooth and Bone Segmentation
2.1. For segmentation of the teeth and bone, load the raw DICOM files of the cone beam computed tomography image into an appropriate medical imaging software program [1] and crop the image to include only the teeth and bones of interest [2].
2.1.1. WIDE: Talent at computer loading image, with monitor visible in frame TEXT: e.g., here Mimics is shown
2.1.2. SCREEN: To be provided by Authors: Image being cropped
2.2. Right click on the tab for Mask and create a New Mask for the image [1].
2.2.1. SCREEN: screenshot_1

2.3. Click on the Multiple Slice Edit tool and select the Axial, Coronal, or Sagittal view [1].

2.3.1. SCREEN: screenshot_2

2.4. Manually highlight some of the slices as deemed necessary and select the Interpolate tool to fill up the volume for the skipped slices [1].

2.4.1. SCREEN: screenshot_3

2.5. Then click Apply and right-click on the mask to generate the 3D volume for the tooth [1-TXT].

2.5.1. SCREEN: screenshot_4 TEXT: Repeat for each tooth

2.6. When a 3D volume has been generated for each tooth of interest, select all of the 3D teeth and right-click to select Smoothing [1].

2.6.1. SCREEN: screenshot_5

2.7. To segment the bones, right-click on the tab for Mask and create a new mask for the image [1].

2.7.1. SCREEN: screenshot_6

2.8. To fill the large holes visible in the mask, click the Dynamic Region Growing Tool [1].

2.8.1. SCREEN: screenshot_7

2.9. Then right-click on the mask to generate the 3D volume for the bone [1-TXT].

2.9.1. SCREEN: screenshot_8 Video Editor: can speed up TEXT: Repeat for each bone

3. Cleaning and Meshing

3.1. For cleaning and meshing of the images, open an appropriate data optimization software program [1-TXT] and paste in the selected 3D objects [2].

3.1.1. WIDE: Talent opening program, with monitor visible in frame TEXT: e.g., here 3matic is shown
3.1.2. SCREEN: To be provided by Authors: Image being pasted

3.2. For the duplicated teeth in group 1, click the Curve Module and the Create Curve option and manually draw a curve around the cementoenamel junction for all of the duplicated teeth [1].

3.2.1. SCREEN: screenshot_9

3.3. Duplicate the 3D objects from group 1 to generate the objects for group 2 and, in the object tree box, click Object [1].

3.3.1. SCREEN: screenshot_10

3.4. From the surface list, delete the crown surface for each object in group 2 and click Design Module and Hollow to apply the desired parameters [1].

3.4.1. SCREEN: screenshot_11 00:00-00:07

3.5. In group 1, from the object tree box, click Object and delete the root surface for each group 1 object [1].

3.5.1. SCREEN: screenshot_12 

3.6. Select the Fill Hole Normal option and click the ad Contour and Apply. The entire space will be filled [1].

3.6.1. SCREEN: screenshot_13 

3.7. Select the Design Module and Local Offset and select the entire crown surface [1].

3.7.1. SCREEN: screenshot_14

3.8. Check Direction, Offset Distance, and Diminishing Distance options and click Apply [1].

3.8.1. SCREEN: To be provided by Authors: Direction, Offset Distance, and Diminishing Distance being selected 

3.9. Click Remesh, Create Non-Manifold Assembly, Main Entity, and Maxilla from the object tree and select the intersecting entity for all of the objects [1].

3.9.1. SCREEN: screenshot_15 00:00-00:08 skip to 01:20

3.10.  Click Remesh to split the non-manifold assembly [1].
[bookmark: _GoBack]
3.10.1. SCREEN: screenshot_16

3.11. Split the non-manifold assembly two more times using an intersecting entity as all of the objects from group 1 and all of the objects from group 2 and click Apply after each split [1].

3.11.1. SCREEN: screenshot_17 Video Editor: can speed up

3.12. Click the Remesh and Adaptive Remesh and select all of the intersecting entities and click Apply [1].

3.12.1. SCREEN: screenshot_18 Video Editor: please speed up

3.13. Click Remesh and Split Non-manifold Assembly [1].

3.13.1. SCREEN: To be provided by Authors: Remesh and Split non-manifold assembly being clicked

3.14. Click Remesh Module, Create Non-manifold Assembly, Main Entity, and Individual Object from group 2 from the object tree and select Intersecting Entity and Select Respective Object corresponding to the tooth type [1].

3.14.1. SCREEN: screenshot_19 Video Editor: can speed up
 
3.15. Click Remesh and Adaptive Remesh and select the intersecting entity [1].

3.15.1. SCREEN: screenshot_20

3.16. Click Remesh Module and Split Non-manifold Assembly [1].

3.16.1. SCREEN: To be provided by Authors: Remesh and Split non-manifold assembly being clicked

3.17. When each tooth has been processed as demonstrated, click Remesh, Create Volume Mesh and Select Entity and select Mesh Parameters [1].

3.17.1. SCREEN: To be provided by Authors: Remesh, Create Volume Mesh, Select Entity, and Mesh Parameters being clicked

4. Finite Element Analysis Preprocessing Setup

4.1. In Abaqus, click File and Run Script and select Model_setup_Part1.py [1-TXT].

4.1.1. WIDE: Talent selecting Model_setup_Part1.py, with monitor visible in frame TEXT: All custom Python scripts provided in supplemental files 

4.2. Click Simulation, Parts, Maxilla, and Surfaces [1].

4.2.1. SCREEN: screenshot_22 00:00-00:04

4.3. Enter the surface name and, under Select the Region of the Surface, select By Angle and set 15 as the angle [1]. 

4.3.1. SCREEN: screenshot_22 00:05-00:15

4.4. Click Simulation and Parts and select UL1 and Surfaces. Name the surface UL1. Under Select the Region of the Surface select Individually, select the tooth on the screen, and click Done [1-TXT].

4.4.1. SCREEN: screenshot_23 TEXT: Repeat for all teeth

4.5. When all of the tooth surfaces have bene processed, click Models, Simulation, and Parts and select UL1_PDL and Surfaces. Name the surface UL1_PDL_inner [1].

4.5.1. SCREEN: screenshot_24 00:00-00:10

4.6. Under Select the Region of the Surface select By Angle and enter 15 as the angle [1].

4.6.1. SCREEN: screenshot_24 00:10-00:13

4.7. Select UL1_PDL and Surfaces and name the surface UL1_PDL_outer [1].

4.7.1. SCREEN: screenshot_25 00:00-00:08

4.8. Under Select the Region of the Surface select By Angle and set 15 as the angle [1].

4.8.1. SCREEN: screenshot_25 00:08-00:10

4.9. When all of the periodontal ligaments have been processed, click File and Run Script and select Model_setup_Part2.py [1].

4.9.1. SCREEN: screenshot_26 00:00-00:03

4.10. Click Simulation and BCs. Enter BC_all for the name and set the Step as Initial [1].

4.10.1. SCREEN: screenshot_27 

4.11. Click Simulation, Assembly, Sets, and name the set U1_y_force [1].

4.11.1. SCREEN: screenshot_28 00:00-00:08

4.12. Select a node at the center of the crown on the buccal surface of the upper central incisor and in Select the Nodes for the Set, select Individually [1].

4.12.1. SCREEN: screenshot_28 00:008-00:15

4.13. Then click Sets and Create Set. Name the set U1_z_force [1].

4.13.1. SCREEN: screenshot_28 00:15-00:27

5. Model Setup and Processing

5.1. To set up the model, click File and Run Script and select Model_setup_Part3.py [1].

5.1.1. WIDE: Talent selecting Model_setup_Part3.py, with monitor visible in frame

5.2. Then click File and Run Script and select Functions.py [1].

5.2.1. SCREEN: screenshot_30

5.3. To process the model, click File and Run Script and select Job_submission.py [1].

5.3.1. SCREEN: screenshot_31 00:00-00:05

5.4. In the Suppress All dialog box, enter the sides of the teeth based on the constraints and click OK [1].

5.4.1. SCREEN: screenshot_31 00:06-00:10

5.5. In the Job Submission dialog box, enter Y to run the analysis for the specified tooth or teeth and click OK [1].

5.5.1. SCREEN: screenshot_31 00:11-00:16

5.6. Then, in the Directions for Analysis dialog box, enter Y to specify the force application and click OK [1].

5.6.1. SCREEN: screenshot_31 00:17-00:20

6. Center of Resistance (CRES) Estimation Post-Processing

6.1. To estimate the center of resistance, select File, Run Script, and Bulk_process.py [1].

6.1.1. WIDE: Talent selecting Bulk_process.py, with monitor visible in frame

6.2. In the Analyze Multiple Jobs dialog box, enter Y for the specified tooth or teeth and click OK [1].

6.2.1. SCREEN: To be provided by Authors: Y being entered in Analyze Multiple Jobs dialog box and OK being clicked

6.3. In the Directions for Analysis dialog box, enter Y for the specifying force application and click OK [1].

6.3.1. SCREEN: To be provided by Authors: Y being entered in Directions for Analysis box, then OK being clicked

6.4. In the Get Input dialog box, enter the Specific Tooth Number as outlined in the named Instances and click OK [1].

6.4.1. SCREEN: To be provided by Authors: Specific Tooth Number being entered in Get Input box, then OK being clicked

6.5. Then check the coordinates for the Force About Point and Estimated Location in the command box [1-TXT].

6.5.1. SCREEN: To be provided by Authors: Coordinates being checked TEXT: Repeat processing if not similar

OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”

Vaibhav Gandhi, Step 3.16.9: To generate a 0.2 mm uniform with of the PDLs using the non-manifold technique, it is critical to follow the same order for the main entity, and intersecting entity as explained. Author name, Step            :           (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

7. Results: Representative Maxillary Teeth Center of Resistance Analyses

7.1. In order to verify segmentation and manual outlining as demonstrated, a maxillary first molar was extracted from a dry skull and a cone beam computed tomography image was taken [1].

7.1.1. LAB MEDIA: Supplemental Document 4 photographs of teeth 

7.2. Meshing was then performed [1].

7.2.1. LAB MEDIA: Supplemental Document 4 photographs of teeth Video Editor: please add green image of each tooth angle as in original Supplemental Document 4

7.3. No significant difference in the linear and volumetric measurements made on the FE model of the tooth [1] and the actual tooth as measured in the lab were observed [2].	Comment by Bridget Colvin: Authors: please define.	Comment by Microsoft Office User: Finite Element

7.3.1. LAB MEDIA: Supplemental Document 4 Table Video Editor: please emphasize Tooth (FEM) data
7.3.2. LAB MEDIA: Supplemental Document 4 Table Video Editor: please emphasize Tooth (Actual) data

7.4. To verify the validity of the user-defined algorithm in determining the center of resistance of an object [1], a simplified model of a beam encased within a sheath can be used in the initial stages of script creation [2]. 

7.4.1. LAB MEDIA: Figure 5A 
7.4.2. LAB MEDIA: Figure 5A Video Editor: please outline/emphasize blue rectangles

7.5. By following the defined algorithm and its calculations, the center of resistance of the model beam can be predicted [1].

7.5.1. LAB MEDIA: Figure 5B Video Editor: please outline aqua schematic

7.6. Here the material properties assigned to the structures can be observed [1]. Differences in the modelling of the material properties of the periodontal ligament and bone can affect the final location of the center of resistance of a tooth [2].

7.6.1. LAB MEDIA: Table 2 Video Editor: please emphasize data columns
7.6.2. LAB MEDIA: Table 2

7.7. To standardize the force vectors and to locate the position of the center of resistance a cartesian coordinate system can be constructed and by the X-, Y-, and Z-orientations as indicated [1].

7.7.1. LAB MEDIA: Figure 6 Video Editor: please sequentially add/emphasize blue, green, and red text boxes  

7.8. The ‘R’ point specific for every tooth is defined as the geometric center on the buccal surface of the crown [1] and is chosen to approximate the closest location at which an operator might place a bracket to apply orthodontic forces [2].

7.8.1. LAB MEDIA: Figure 7 Video Editor: please red point on each tooth
7.8.2. LAB MEDIA: Figure 7

7.9. In this representative analysis [1], the locations of the center of resistance obtained along the X-coordinate when a force system was applied along the Y- and Z-coordinates were different from each other [2], but the average differences were small [3].

7.9.1. LAB MEDIA: Table 5 
7.9.2. LAB MEDIA: Table 5 Video Editor: please emphasize Fy and Fz data columns
7.9.3. LAB MEDIA: Table 5 Video Editor: please emphasize Difference data column


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

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
· Each author may give two Conclusion statements maximum.
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
8.1. David PierceAuthor Name: Finite element analyses can be very tedious for new users. Be patient and methodical going through section 4 for the first few times.____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera) (Step: __)
8.1.1. INTERVIEW: Named talent says the statement above 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?
8.2. Author Name: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
8.2.1. INTERVIEW: Named talent says the statement above 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?
8.3. Vaibhav GandhiAuthor Name: There are a number of things that can be accomplished using this method. This is like a foundation layer. If you know to establish Cres of a tooth or set of teeth; tooth movement can be simulated better & more precisely, side effects can be predicted in advance with precision, better appliances can be designed, more customization of devices can be done according to individual patient needs etc.____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take. If no materials are hazardous, leave this statement blank.
8.4. Author Name: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)
8.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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