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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
[bookmark: _GoBack]3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 4.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.9.
5. Will the filming need to take place in multiple locations (greater than walking distance? 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.

1.1. Ziqi Zhu: This accurate and reproducible method can be used to obtain detailed and comprehensive geometry data from vertebral endplates and to develop a parametric model without digitizing too many landmarks [1].

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

1.2. Ziqi Zhu: This reverse engineering system can be used to efficiently develop an accurate representation of the anatomical character of sophisticated vertebrae surfaces with a good reliability and reproducibility [1]. 

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.

1.3. Xiaoming Liu: This protocol can contribute to the design of personalized spinal implants, surgical planning, clinical diagnoses, and the development of accurate finite element models [1].

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

1.4. Xiaoming Liu: The method can be used for sophisticated morphological studies and the parametric model can applied to other imaging modalities, such as computed tomography and MRI [1]. 

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

1.5. Xinhua Li: Although a beginner may need extra time to complete the procedure, the technique requires a short learning curve overall to master [1].

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

Introduction of Demonstrator (Said by you on camera):

1.6. Desheng Wu: Demonstrating the procedure will be Hang Feng, a clinician from my laboratory [1][2].  

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
1.6.2. 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)

1.7. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Shanghai East Hospital, Tongji University School of Medicine.


Section - Protocol
2. Material Preparation, Scanning, and Image Processing 
2.1. Before beginning the procedure, place a dry, cervical vertebra without pathologic deformation or broken parts [1] vertically onto the platform of the scanner with the endplate facing the camera lens [2].
2.1.1. WIDE: Talent approaching scanner with vertebra
2.1.2. CU: Vertebra being placed onto scanner Videographer: Important step
2.2. Start the scanning process to obtain cloud point data [1] and open the software for processing point clouds [2].
2.2.1. MED: Talent starting scanner
2.2.2. [bookmark: OLE_LINK98][bookmark: _Hlk4575894]MED-over the shoulder: Talent opening software 
2.3. [bookmark: OLE_LINK13]Click Import to import the point cloud data and generate a digital graphic of the vertebra [1].
2.3.1. [bookmark: OLE_LINK15]SCREEN: 2.3.1.tif: Import being clicked, then graphic being generated 
2.4. [bookmark: OLE_LINK19]Click Wrap to package the imaging data into an .stl format file to transform the point cloud into mesh, which will convert a point object into a polygon object [1], and open an appropriate 3D reconstruction and data processing software program [2].
2.4.1. SCREEN: 2.4.1.tif: Wrap being clicked, then point could being transformed into mesh/polygon object
2.4.2. MED: Talent opening program, with monitor visible in frame
2.5. Under the New submenu, click File and select Part in the List of Types [1].
2.5.1. SCREEN: 2.5.1.tif: File and Part being clicked
2.6. [bookmark: OLE_LINK23][bookmark: OLE_LINK18]Click Start and Shape and Digitized Shape Editor [1].
2.6.1. SCREEN: 2.6.1.tif: Start, Shape, and Digitized Shape Editor being clicked
2.7. [bookmark: OLE_LINK20][bookmark: OLE_LINK91]Then click the Import icon, select the .stl format file, and click Apply and OK [1].
2.7.1. SCREEN: 2.7.1.tif: Import being clicked, then .stil being selected, and Apply and Ok being clicked
3. Endplate 3D Morphology Quantification
3.1. [bookmark: OLE_LINK74][bookmark: OLE_LINK30]To define the endplate 3D coordinate system, mark one anatomic landmark on each of the left and right endpoints [1] of the epiphyseal rim and mark one landmark on the anterior median point [2].
3.1.1. WIDE: Talent marking landmarks, with monitor visible in frame
3.1.2. SCREEN: 3.1.2.tif: Anterior median point being marked, with other two marked landmarks visible in frame as possible
3.2. Click the Line icon and select the two trailing edge endpoints to define a posterior frontal line [1].
3.2.1. SCREEN: 3.2.1.tif: Line being clicked, then endpoint(s) being selected/line being defined
3.3. [bookmark: OLE_LINK32]Click the Plane icon to set the plane type to be normal to the curve and select the posterior frontal line and anterior median point to define the mid-sagittal plane [1].
3.3.1. SCREEN: 3.3.1.tif: Plane being clicked, then plane type being selected, then posterior frontal line and anterior median points being selected/plane being defined 
3.4. Click Start, Shape, and Quick Surface Reconstruction [1].
3.4.1. SCREEN: 3.4.1.tif: Start, Shape, and Quick Surface Reconstruction being selected
3.5. [bookmark: OLE_LINK34]To generate an intersecting curve, click the Planar Section icon, enter 1 in the number option, and select the endplate image and mid-sagittal plane [1].
3.5.1. SCREEN: 3.5.1.tif:Planar Section being clicked, 1 being entered, then endplate image/mid-sagittal plane being selected
3.6. [bookmark: OLE_LINK35]Click Curve from the Scan icon and select the intersection of the intersecting curve and posterior epiphyseal rim, defining the intersection as the posterior median point [1].
3.6.1. SCREEN: 3.6.1.tif: Curve being clicked, then intersection being selected
3.7. To define a mid-sagittal diameter, click the Line icon and select the anterior median and posterior median points [1].
3.7.1. SCREEN: 3.7.1.tif: Line being clicked, then anterior and posterior median points being clicked
3.8. Click the Point icon, Points, and Planes Repetition. Then select the mid-sagittal diameter and enter 1 in the Instances option to define the midpoint of the mid-sagittal diameter [1].
3.8.1. SCREEN: 3.8.1.tif: Point, Points, and Planes Repetition being clicked, then mid-sagittal diameter being selected and 1 being entered 
3.9. [bookmark: OLE_LINK29][bookmark: OLE_LINK46][bookmark: OLE_LINK31]Click the Axis System icon and select the midpoint of the mid-sagittal diameter as the origin, the line parallel to the posterior frontal line as the x-axis, the mid-sagittal diameter as the y-axis, and the line pointing forward and perpendicular to the x-y plane as the z-axis [1].
3.9.1. [bookmark: OLE_LINK41]SCREEN: 3.9.1.tif:Axis System being clicked, then midpoint and x-axis, y-axis, and z-axis lines being selected Videographer: Difficult step
3.10. Hang Feng: The appropriateness of the coordinate system can be determined according to whether the intersection of the defined mid-sagittal plane line and the coronal plane is perpendicular to the endplate section [1].

3.10.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
3.11. [bookmark: OLE_LINK37][bookmark: OLE_LINK33][bookmark: OLE_LINK38]To fit the characteristic curves and points on the endplate surface, select the mid-sagittal diameter and enter 3 in the Instances option to divide the mid-sagittal diameter equally into four parts [1].
3.11.1. SCREEN: 3.10.1.tif: Mid-sagittal diameter being selected, then 3 being entered 
3.12. Click the Planar Section icon, enter 1 in the Number option, and select the endplate image and the x-z plane to generate an intersecting curve [1].
3.12.1. SCREEN: 3.11.1.tif: Planar Section being clicked, 1 being entered, then endplate image and x-z plane being selected
3.13. [bookmark: OLE_LINK36]Click Curve from the Scan icon and select the two intersections of the x-z plane and epiphyseal rim [1].
3.13.1. SCREEN: 3.12.1.tif: Curve being clicked and intersections being selected
3.14. [bookmark: OLE_LINK39]Define the line between the two intersections as the mid-frontal diameter and divide the mid-frontal diameter equally into four parts [1].
3.14.1. [bookmark: OLE_LINK47]SCREEN: 3.13.1.tif: Line being defined, then mid-frontal diameter being divided
3.15. [bookmark: OLE_LINK40][bookmark: OLE_LINK58]To measure the length of a quarter of the mid-sagittal diameter, click the Measure Between icon [1].
3.15.1. SCREEN: 3.14.1.tif: Measure Between being clicked
3.16. To generate two fitting curves on one side of the frontal part, click the Planar Section icon, enter 2 in the Number option, enter the measured value in the Step option, and select the endplate image and x-z plane [1].
3.16.1. SCREEN: 3.15.1.tif: Planar Section being clicked, then 2 being entered, then measured value being entered, and endplate image and x-z plane being selected
3.17. Then click Swap to generate two fitting curves on the other side [1].
3.17.1. SCREEN: 3.16.1.tif: Swap being clicked/curves being generated 
3.18. Next, select 11 equidistant points in each curve and obtain 9 fitting curves on the endplate surface as demonstrated [1].
3.18.1. [bookmark: OLE_LINK92]SCREEN: 3.17.1.tif: Point(s) being selected, then curve(s) being generated
3.19. Then click Curve from the Scan icon and select the intersection of the fitting curves and the mid-sagittal curve to obtain a total of 66 points on each endplate [1].
3.19.1. SCREEN: 3.18.1.tif: Curve being clicked, then intersection being selected, then point(s) being obtained 
3.20. To measure the length of line parameter that is the distance between two measured points, click the Measure Between icon [1].
3.20.1. SCREEN: 3.19.1.tif: Measure Between icon being clicked/length being measured 
3.21. [bookmark: OLE_LINK45]To measure the concavity parameters, click Start, Shape, and Generative Shape Design and click the Sketch icon and the x-y plane [1].
3.21.1. SCREEN: 3.20.1.tif :Start, Shape, Generative Shape Design, Sketch icon, and x-y plane being clicked
3.22. [bookmark: OLE_LINK50]Click the Circle icon and Origin and drag the cursor of the mouse to an appropriate distance before clicking. Then click the Exit Workbench icon [1].
3.22.1. [bookmark: OLE_LINK42][bookmark: OLE_LINK27]SCREEN: 3.21.1.tif: Circle and Origin being clicked, them cursor being dragged and clicked and Exit Workbench being clicked
3.23. [bookmark: OLE_LINK51][bookmark: OLE_LINK49][bookmark: OLE_LINK52]Click the Offset icon, select the filled plane, and enter an appropriate value in the offset option until it is tangent to the most concave part [1].
3.23.1. SCREEN: 3.22.1.tif: Offset being clicked, filled plane being selected, then value being entered
3.24. [bookmark: OLE_LINK53]Zoom in and click Start, Shape, and Quick Surface Reconstruction followed by the 3D curve icon to find and create the most concave point [1].
3.24.1. [bookmark: OLE_LINK54]SCREEN: 3.23.1.tif: Image being zoomed, then Start, Shape, and Quick Surface Reconstruction being clicked, then 3D curve icon being clicked 
3.25. Then click the Measure Between icon and select the most concave point and x-y plane to measure the whole endplate concavity depth [1].
3.25.1. SCREEN: 3.24.1.tif: Measure Between being clicked, then most concave point and x-y plane being selected
3.26. [bookmark: OLE_LINK101][bookmark: OLE_LINK59]To quantify the surface area parameters, click the Measure Inertia icon and click endplate surface to measure the surface area [1].
3.26.1. [bookmark: OLE_LINK73][bookmark: OLE_LINK8]SCREEN: 3.25.1.tif: Measure Inertia being clicked, then endplate surface being clicked 
4. [bookmark: OLE_LINK9]Endplate Surface Mathematical Model Development
4.1. [bookmark: OLE_LINK67][bookmark: OLE_LINK62][bookmark: OLE_LINK75]To determine the fit order of the parametric equation, open the data analysis and visualization software [1] and Input x = the corresponding data in the command window [2].
4.1.1. WIDE: Talent opening data analysis software, with monitor visible in frame Videographer: Important step
4.1.2. SCREEN: 4.1.2.tif: X = data being entered
4.2.  Click Enter and input z = the corresponding data [1].
4.2.1. SCREEN: 4.2.1.tif: Enter being clicked and z = data being entered
4.3. Then input the code as indicated [1].
4.3.1. [bookmark: OLE_LINK78]SCREEN: 4.2.1.tif: for i=1:5 z2=polyfit(x,z,i); Z=polyval(z2,x); if sum((Z-z).^2)<0.01 C=I break; end; end being entered
4.4. For parameter equation fitting, input c-f-tool and click Enter to bring up the Curve Fitting Tool [1].
4.4.1. SCREEN: 4.4.1.tif: cftool being inputted, then Enter being clicked
4.5. Then input the coordinates of a curve in the command window as demonstrated, select polynomial, and enter the fit order to gain the parametric equation of the endplate surface [1].
4.5.1. SCREEN: 4.5.1.tif: Coordinate(s) being entered, then polynomial being selected, then fit order being entered
5. Geometric Data Acquisition and Endplate Representation
5.1. To obtain the geometric data, input the x- and y-coordinate values of any point on the endplate in the command window [1] and input the parameters of the equation that have been fitted using the polynomial tool [2].
5.1.1. WIDE: Talent inputting values
5.1.2. [bookmark: OLE_LINK109]SCREEN: 5.1.2.tif: Parameter(s) being entered
5.2. Then input the equation and click Enter to obtain the result [1].
5.2.1. SCREEN: 5.2.1.tif: Equation being entered, then result being shown
5.3. To obtain the 3D simulation graphics, enter the polynomial parameters into the command window and input the code as indicated [1].
5.3.1. SCREEN: 5.3.1.tif: Parameter(s) being entered, then X=N1:0.01:N2; being entered
5.4. Input the indicated code and equation [1].
5.4.1. SCREEN: 5.4.1.tif: Y=N3:0.01:N4; and equation being entered
5.5. Then enter the indicated code [1].
5.5.1. [bookmark: OLE_LINK102]SCREEN: 5.5.1.tif: ezmesh(z, [N1,N2,N3,N4]) being entered, then graphics appearing


Section – Results
6. Results: Representative Inferior Endplate 3D Reconstruction and Representation 

6.1. Using a highly accurate optical 3D range flatbed scanner as demonstrated, these representative endplates were converted into more than 45,000 digital points to adequately characterize their morphology [1].

6.1.1. LAB MEDIA: Figures 2A and 2B

6.2. Using the measurement protocol as demonstrated, a spatial analysis of the endplate surfaces was conducted [1] and representative curves were fitted and quantified on the surface to characterize each endplate morphology [2].

6.2.1. LAB MEDIA: Figure 4B
6.2.2. LAB MEDIA: Figure 4B: JoVE Video Editor please emphasize blue lines on image

6.3. The measurements included the concavity depth and concavity apex location in the mid-sagittal plane [1], in addition to those of the whole endplate concavity and any specific sections of interest [2].

6.3.1. LAB MEDIA: Figure 5B: JoVE Video Editor please emphasize white line on image
6.3.2. LAB MEDIA: Figure 5B

6.4. Next, the components of the endplates, epiphyseal rim, and central endplate were separated and their lengths and areas were obtained [1].

6.4.1.  LAB MEDIA: Figure 5C

6.5. The parametric equation of each curve was then deduced based on the coordinates of 11 points [1].

6.5.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize P1-P5 data columns


Section - Conclusion
7. [bookmark: OLE_LINK6]Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Ziqi Zhu: Defining a 3D-coordinate system for each endplate is critical for the success of the protocol (Step: 3.1.-3.9.) [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Ziqi Zhu: The uncovertebral joint can be distinguished from the endplate by defining a best-fit plane in terms of the anterior-most and posterior-most points of the bilateral uncinate processes [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Hang Feng: This protocol provides an accurate and reproducible method for performing a morphological study of complex surfaces [1]. 
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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