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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. 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. Satoshi Oki: Our method reconstructs the motion of a moving bone with respect to the fixed bone from whole 4DCT data, facilitating the description of detailed joint kinematics [1].

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

1.2. Satoshi Oki: Once the surface data of the whole bone have been created and reference points have been selected, most of the reconstruction processes will be completed automatically [1].

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

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

1.3. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Keio University School of Medicine.


Section - Protocol
2. Computed Tomography (CT) Imaging and Surface Reconstruction
2.1. With the target joint of the Subject inside the CT (C-T) gantry of the 4DCT (four-D-C-T) image, ask the Subject to move the joint during the 10-second scan time while obtaining a series of volume data [1-TXT].
2.1.1. [bookmark: _GoBack]LAB MEDIA: screenshot: 00:00-00:09 TEXT: Save sequential volume data in DICOM format
2.2. For surface semiautomatic segmentation of the 3DCT data, load the CT DICOM (die-com) data into the appropriate software [1] and click Edit New Label Field to open the label field [2].
2.2.1. Talent loading data, with monitor visible in frame
2.2.2. SCREEN: screenshot: 00:35-00:44
2.3. Identify which threshold CT attenuation value is appropriate to extract cortical bone from the source bone and select materials with CT attenuation values above the threshold [1].
2.3.1. SCREEN: screenshot: 00:45-00:55
2.4. Check the label for bone cortex selection [1] and use an appropriate editing tool to manually modify the demarcation [2].
2.4.1. SCREEN: screenshot: 01:06-01:16 Video Editor: can speed up
2.4.2. SCREEN: screenshot: 01:39-02:11 Video Editor: can speed up
2.5. To generate the surface data from the labeled bone cortex position data, click Generate Surface and use the slider to smooth the extent [1].
2.5.1. SCREEN: screenshot: 02:44-02:50 Video Editor: can speed up
2.6. Then click Apply [1]. 
2.6.1. SCREEN: screenshot: 02:50-02:53
2.7. To save the surface data in STL format click File and Export Data As and select STL Binary Little Endian [1].
2.7.1. SCREEN: screenshot: 03:23-03:35
2.8. To perform an automatic segmentation of the 4DCT volume data, use the DICOM reading module in the programming software to extract the geometric data showing the CT attenuation values above the threshold from all 51 frames of the 4DCT data [1].
2.8.1. SCREEN: screenshot: 04:51-05:06
2.9. Then use a batch processing script to reconstruct all of the surface data of the point cloud with higher CT attenuation values than the threshold for all of the 4DCT frames in the image processing software [1-TXT].
2.9.1. SCREEN: screenshot: 05:34-05:40 TEXT: Batch script example in Supplemental Coding file
3. Image Registration
3.1. To perform surface registration from static 3DCT to the first frame of the 4DCT, use the Selecting Face function [1] to trim the bones in a static 3DCT into partial segment data that are included in all of the frames of the 4DCT movie data [2].
3.1.1. WIDE: Talent viewing 4DCT movie, selecting Selecting Face function, with monitor visible in frame
3.1.2. SCREEN: screenshot: 07:05-07:12
3.2. The 4DCT surface data are only partial segments that will be included in each volume image, because the surface registration requires that one surface data point is included in another surface [1].
3.2.1. SCREEN: screenshot: 07:12-07:26 Video Editor: can speed up
3.3. Use the Pick Points function to select three landmarks in the fixed and moving bones that can be easily identified from the trimmed 3DCT surface and the surface data of the first frame of 4DCT in the 3D mesh editing software [1].
3.3.1. SCREEN: screenshot: 08:16-08:27
3.4. Then match the partial fixed and moving bones roughly on the first frame of the 4DCT surface data according to the picked landmarks [1] and use the iterative closest point algorithm to perform surface registration in the open source software [2].
3.4.1. LAB MEDIA: Figure 3C
3.4.2. SCREEN: screenshot: 10:10-10:20
3.5. To perform sequential surface registration, use the iterative closest point module in the open source software [1] to first match the partial surfaces of the fixed and moving bone in the first 4DCT frame onto the surface data of the second frame [2-TXT].
3.5.1. SCREEN: screenshot: 13:09-13:23 Video Editor: can speed up
3.5.2. SCREEN: screenshot: 13:24-13:36 TEXT: Repeat matching until last 4DCT programming frame 
3.6. When the rotation parameters have been measured, define the coordinate systems of the fixed and moving bones [1]. 
3.6.1. SCREEN: screenshot: 17:16-17:26



Section – Results
4. Results: Representative Kinematic and Surface Registration Analyses 

4.1. The varus angle of the tibia gradually decreases as the tibia is extended [1].

4.1.1. LAB MEDIA: Figure 7C: JoVE Video Editor please emphasize data points/draw arrow from top left to bottom right of data points to indicate decrease

4.2. The tibial external rotation increases at the end of the extension [1], corresponding with the “screw home movement” of the knee in previous reports [2].

4.2.1. LAB MEDIA: Figure 7B: JoVE Video Editor please emphasize data points from about -20 to 20
4.2.2. LAB MEDIA: Figure 7B

4.3. Graphs of the error for translation and rotation show that the error is tolerable for femur lengths longer than 9% of the whole length [1] and tibia lengths longer than 7% of the whole length [2], as the CT slice thickness is 0.5 millimeters and exceeds the error size [3]. 

4.3.1. LAB MEDIA: Figure 8: JoVE Video Editor please emphasize >9% error femur data regions in all Rotation and Translation graphs
4.3.2. LAB MEDIA: Figure 8: JoVE Video Editor please emphasize >7% error tibia data regions in all Rotation and Translation graphs
4.3.3. LAB MEDIA: Figure 8

4.4. In addition, the calculation of patellar kinematics demonstrates that the lateral tilt of the patella corresponds to the knee flexion angle [1].

4.4.1. LAB MEDIA: Figure 1 Supplement: JoVE Video Editor please emphasize data points





Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Satoshi Oki: The surface reconstruction of the bone cortex should be visually checked and may require manual segmentation [1].
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step 3.3.)
5.2. Satoshi Oki: Many studies of automatic segmentation from CT data have used machine learning or deep learning. Using the demonstrated techniques, the surface reconstruction can be performed automatically [1].
5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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