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

2. Software: Does the part of your protocol being filmed demonstrate software usage?  Y

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N



Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Tal Capucha: This protocol allows the virtual treatment of patients with bony defects and the creation of novel surgical guides and fixation plates [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
REQUIRED: 
1.2. Adi Rachmiel: Using this protocol allows implants to be virtually created and designed according to what is feasible for use in the operating room with a superior accuracy and shortened operation duration [1].   

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

OPTIONAL: 
1.3. Dekel Shilo: Patient specific implants planned with our protocol are based on accurate 3D imaging, resulting in perfectly fitting implants and enabling the restoration of proper tissue anatomy, symmetry, and function [1]. 

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

OPTIONAL: 
1.4. Ori Blanc: This protocol allows users to design and print complex models or structures from different materials and to examine different parameters, such as their strength or ability to allow bone regeneration [1].

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

OPTIONAL: 
1.5. Dekel Shilo: Although these programs are very user friendly, it does take time to master the computer assisted design process. Patience and practice will help the user get better and quicker [1].

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

OPTIONAL: 
1.6. Tal Capucha: As this protocol contains many steps of virtual planning, observing these stages will be extremely helpful [1].

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.7. 

Protocol
2. Segmentation 
2.1. For segmentation of the 3D reconstructed model [1], in the appropriate segmentation software [added-TXT], under the Bone segmentation menu, select General [2] and use the plus tool to indicate the segment of interest [3] and the minus tool to indicate the unwanted segments while scrolling and moving throughout the scan [4]. 
2.1.1. WIDE: Talent opening software, with monitor visible in frame
Additional shot with virtual reality TEXT: Software is compatible with a 3D virtual reality setup
2.1.2. SCREEN: screenshot_1 (1): 00:29-00:33
2.1.3. SCREEN: screenshot_1 (1): 00:33-00:51 Video Editor: please speed up
2.1.4. SCREEN: screenshot_1 (1): 01:11-01:51

2.2. Use the Set button that initiate the segmentation [1] and click Apply to create the new segment [2].

2.2.1. SCREEN: screenshot_1 (1): 01:52-01:55
2.2.2. SCREEN: screenshot_2 (1): 00:00-00:06

2.3. When the segmentation is complete [1], correct the markings and add new ones for better accuracy as necessary [2] and export the files as .stl 3D files [2].

2.3.1. SCREEN: screenshot_2 (1): 02:26
2.3.2. SCREEN: screenshot_2 (1): 02:27-02:40
2.3.3. SCREEN: screenshot_3: 00:14-00:30

3. 3D Reconstruction Implant Design

3.1. To design the 3D reconstruction implant, import the .stl files into the 3D design software [1] and use the shave tool to separate the bone into two parts [2].

3.1.1. WIDE: Talent importing file, with monitor visible in frame
3.1.2. SCREEN: screenshot_5: 00:00-00:40 Video Editor: please speed up

3.2. Dekel Shilo: To perform a good bone segmentation, a large number of positive and negative markings should be used in the 3D reconstructed model and all of the other views [1].

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

3.3. From the Select-Move Clay menu, select the clay tool and mark the region of interest [1].

3.3.1. SCREEN: screenshot_5: 00:50-01:08

3.4. Copy the marked region [1] and create a new identical object in the object list to manipulate the position of the region [2].

3.4.1. SCREEN: screenshot_5: 01:20-01:26
3.4.2. SCREEN: screenshot_5: 01:48-01:52

3.5. To make sure that the axis of rotation is set on the part of the bone that will stay in the same position, select Reposition and set the rotation axis as planned [1].

3.5.1. SCREEN: screenshot_6: 00:01-00:26 Video Editor: please speed up

3.6. As the human skull is mostly symmetrical, use the Mirror Clay tool for guidance to obtain the correct positioning or replacement of the missing or mal-positioned segment [1] and set the plane at the center of the skull [1].

3.6.1. SCREEN: screenshot_7: 00:08-00:19
3.6.2. SCREEN: screenshot_7: 00:21-00:24 Video Editor: please speed up

3.7. Based on the mirrored half, perform segment rotation as needed and [1] and use the Add clay tool from the Construct Clay menu to reconstruct the avulsed bony part [2].

3.7.1. SCREEN: screenshot_7: 00:24-00:32
3.7.2. SCREEN: screenshot_8: 00:01-00:17 Video Editor: can speed up

3.8. In the Curves menu, select the Draw Curve option to create a continuous outer shape of the desired implant [1].

3.8.1. SCREEN: screenshot_9: 00:01-00:58 Video Editor: please speed up

3.9. Right-click the segment and select Duplicate to duplicate the bony segment [1].

3.9.1. SCREEN: screenshot_10: 00:01-00:08

3.10. Working in the new duplicated segment, in the Detail Clay menu, select Emboss with curve to create the volume of the reconstruction implant [1].

3.10.1. SCREEN: screenshot_11: 00:04-00:15 Video Editor: please speed up

3.11.  Select the outer form of the sketched implant and place the circle-shaped cursor inside the sketched implant on the surface of the bone [1-TXT].

3.11.1. SCREEN: screenshot_11: 00:16-00:19 TEXT: Emboss works outward or inward depending on cursor placement

3.12.  Select the desired parameters – most importantly, the distance to control the thickness of the implant – and right-click on the duplicated segment to select Boolean and Remove from [1].

3.12.1. SCREEN: screenshot_12: 00:01-00:06

3.13. Then select the object containing the created implant [1].

3.13.1. SCREEN: screenshot_12: 00:06-00:18 Video Editor: please speed up

3.14. In cases for which holes for screw fixation or angiogenesis are required, use the Create Plane function to create a parallel plane in which the holes for the plate are designed [1].

3.14.1. SCREEN: screenshot_13: 00:01-00:17

3.15. When the planes are positioned in maximum parallelism to the implant, select a circle in the Sketch menu [1] and create circles of the desired size and position within the segment [2].

3.15.1. SCREEN: screenshot_13: 00:33-00:47
3.15.2. SCREEN: screenshot_13: 00:52-01:14 Video Editor: please speed up

3.16. In the Curves menu, use the Project Sketch option to designate the sketches to be transferred from the plane to the implant [1].

3.16.1. SCREEN: screenshot_14: 00:11-00:18

3.17. To generate the countersink for the screws, in the Detail Clay menu, select Emboss with Curve and place the circle-shaped cursor inside the marked circular area on the segment surface [1].

3.17.1. SCREEN: screenshot_15: 00:02-00:28 Video Editor: please speed up

3.18. To complete the holes, in the SubD Surfaces menu, use the Wire Cut SubD option to create rods perpendicular to the implant [1].

3.18.1. SCREEN: screenshot_16: 00:02-00:29 Video Editor: please speed up

3.19. To create the holes using the rods, select Boolean and Remove From and select each rod in succession, right-clicking Boolean, Remove From, and Created Implant in the object list [1].

3.19.1. SCREEN: screenshot_17: 00_09-00:40 Video Editor: please speed up

3.20. To create a mesh in the implant, use Draw Curve to generate a sketch of the planned mesh as demonstrated [1].

3.20.1. SCREEN: screenshot_18 Video Editor: please speed up

3.21. In the Detail Clay menu, use Emboss with Wrapped Image to select a template image after which the mesh will be designed [1]. The white regions of the image will be subtracted and the black areas will remain [2].

3.21.1. SCREEN: screenshot_19: 00:04-00:30
3.21.2. SCREEN: screenshot_19: 00:38-00:47

3.22. Manually adjust the direction and size of the design and set the thickness of the generated [1]. 

3.22.1. SCREEN: screenshot_20: 00:01-00:19

3.23. Then click Apply. The patient specific implant will then be ready for production [1].

3.23.1. SCREEN: screenshot_20: 00:19-00:23


Protocol Script Questions
A. Which steps from the protocol are the most important for viewers to see? 
n/a

B. What is the single most difficult aspect of this procedure and what do you do to ensure success?
3.1.



Results
4. Results: Representative Pre- and Post-Operative Imaging

4.1. These images were obtained from a 40-year-old female patient with a broken, stock supplied, reconstruction fixation plate from a previous injury [1] and a non-union fracture in the left body of her lower jaw presented to the department [2].

4.1.1. LAB MEDIA: Figure 1 Video Editor: please emphasize fixation plate in right side of top image
4.1.2. LAB MEDIA: Figure 1 Video Editor: please emphasize jaw misalignment under plate in right side of top image 

4.2. Segmentation of the lower jaw was performed as demonstrated to separate the broken fixation plate [1].

4.2.1. LAB MEDIA: Supplemental Figures 1 and 2 Video Editor: show first figure then second figure?

4.3. Using 3D design software, the left segment of the mandible was repositioned to the correct anatomical position [1].

4.3.1. LAB MEDIA: Supplemental Figures 3 and 4 Video Editor: please sequentially show bottom Supplemental Figure 3 screen image, then top Supplemental Figure 4 image, then bottom Supplemental Figure 4 image

4.4. Mirroring of the right healthy side was performed to allow proper reconstruction of the missing bone [1].

4.4.1. LAB MEDIA: Supplemental Figure 5 top screen image

4.5. The patient specific implant could then be designed [1], including holes for fixation screws [2].

4.5.1. LAB MEDIA: Supplemental Figure 6 Video Editor: please sequentially top image then bottom image and/or emphasize green outline and 3D of outlined area if appropriate/necessary
4.5.2. LAB MEDIA: Supplemental Figure 8 Video Editor: please emphasize holes in bottom right image

4.6. A mesh was designed to allow additional bone graft placement according to the proper contour of the jaw, based on the healthy side, and to enable superior angiogenesis through the holes in the mesh [1].

4.6.1. LAB MEDIA: Supplemental Figure 8 Video Editor: please sequentially add/emphasize mesh images from top, bottom left, to bottom right

4.7. The implant printed from titanium using selective laser sintering technology [1] and post-operative results can be observed in these images [2].

4.7.1. LAB MEDIA: Figure 2
4.7.2. LAB MEDIA: Figure 2 Video Editor: please emphasize plate in top image

4.8. Note the continuity of the lower jaw, the correct vertical position of the left lower jaw segment [1], and the symmetry in the bony contour that was reconstructed using the patient specific implant as the outer contour and an iliac crest bone graft for filling the voids [2].

4.8.1. LAB MEDIA: Figure 2 Video Editor: please emphasize jaw continuity in bottom left image
4.8.2. LAB MEDIA: Figure 2 Video Editor: please emphasize bone segment indicated with red line on right side of bottom right image


Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Tal Capucha: When designing the patient specific implant, consider the planning of a minimally sized plate that is strong enough to allow load bearing forces while withstanding shear and torque forces [1].

5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (3.8.-3.12.)
5.2. Ori Blanc: Patient specific implants can also be designed for cranioplasty or orthopedic procedures and may potentially be used for the design of soft tissues and whole organs [1].

5.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
5.3. Adi Rachmiel: This protocol currently allows the planning of novel implants for surgeries and research studies and may eventually facilitate implant bioprinting and foreign material regeneration [1].

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



 2020, Journal of Visualized Experiments		Page 12 of 12
image1.png




