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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a (screen capture shots do not need to be filmed)
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4., 4.2.
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. [bookmark: _Hlk22125131]Javier Pascau: This protocol gives unexperienced users the tools to bring augmented reality solutions into the medical field through the building of their own smartphone app [1].

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

1.2. [bookmark: _Hlk22125140]Rafael Moreta-Martinez: This method combines augmented reality and 3D printing, allowing a quick and easy visualization of 3D models created from patient data on top of a 3D printed reference marker [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. [bookmark: _Hlk22125151]Mónica García-Sevilla: This technique can be applied to any medical scenario in which a 3D printed reference can be rigidly attached to the patient [1].

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

1.4. [bookmark: _Hlk22125162]Ruben Pérez-Mañanes or José Calvo-Haro: The visualization of virtual 3D models created from patient data aids in target localization during surgery and can also improve patient-to-physician communication [1].

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

1.5. [bookmark: _Hlk22125175]David García-Mato: This protocol has been specifically designed for users with no prior knowledge of medical imaging or software development to aid in the use of augmented reality in the medical field [1].

1.5.1. INTERVIEW: Above Talent speaking 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)

1.6. This study was performed in accordance with the principles of the 1964 Declaration of Helsinki as revised in 2013. The anonymized patient data and images are used after written informed consent, in which the use of this data was approved for dissemination activities, including scientific publications


Section - Protocol
2. Biomodel Creation
2.1. To create 3D models of a patient’s anatomy, first drag the medical image file into the 3D slicer software window and click OK [1].
2.1.1. WIDE: Talent dragging file to software, with monitor visible in frame
[bookmark: _Hlk19885728][bookmark: _Hlk19886816]
2.2. To segment the anatomy of the patient, go to the Segment Editor module in 3D slicer. A “segmentation” item will be created automatically upon entering the module [1].

2.2.1. SCREEN: screenshot_1: 00:10-00:15

2.3. Select the desired volume in the Master Volume section and right-click below the image to select Add to create a segment [1].

2.3.1. SCREEN: screenshot_1: 00:15-00:24

2.4. In the Effects panel, select the most convenient tool for the target and segment the medical image of the patient [1].

2.4.1. SCREEN: screenshot_1: 01:00-01:08

2.5. To export the segmentation in a 3D model file format, open the Segmentations module [1]. 

2.5.1. SCREEN: screenshot_2: 00:00-00:07

2.6. In Export-import models and label maps, select Export and Models and click Export to create the 3D model from the segmented area [1].

2.6.1. SCREEN: screenshot_2: 00:07-00:18

2.7. Click SAVE and select the elements to be saved. Then change the file format of the 3D Model to OBJ (O-B-J) [1].

2.7.1. SCREEN: screenshot_2: 00:18-00:30

2.8. The segmentation can be repeated to create additional 3D models of different anatomical regions [1].

2.8.1. SCREEN: screenshot_3_v2: 00:00-00:12

3. Biomodel Positioning: Visualization Mode

3.1. For positioning of a 3D patient model at any position with respect to the augmented reality marker, open the AR (A-R) Health Model Position module [1-TXT] and select Visualization mode [2].

3.1.1. WIDE: Talent selecting ARHealth Model Position, with monitor visible in frame TEXT: Module available at https://github.com/BIIG-UC3M/OpenARHealth
3.1.2. SCREEN: screenshot_4: 00:00-00:10

3.2. Click Load Model to load the marker for this option, the ellipses button to select the path of the saved 3D model, and Load Model again to load the model in 3D Slicer [1].

3.2.1. SCREEN: screenshot_4: 00:10-00:18

3.3. Click Finish and Center to center all of the models within the marker [1].

3.3.1. SCREEN: screenshot_4: 00:28-00:32

3.4. Use the slide bars to adjust the position, orientation, and scaling of the 3D models with respect to the marker as desired [1].

3.4.1. SCREEN: screenshot_4:  00:35-00:42

3.5. Then select the path to store the files and click Save Models to save the models at this position [1].

3.5.1. SCREEN: screenshot_4: 01:07-01:26 Videographer: can speed up

4. Biomodel Positioning: Registration Mode

4.1. To combine the augmented reality marker with a 3D biomodel at any desired position, open the AR Health Model Position module [1] and, in the initialization section, select the Registration mode [2].

4.1.1. WIDE: Talent opening module, with monitor visible in frame
4.1.2. SCREEN: screenshot_5: 00:05-00:12

4.2. Click Load Model to load the marker for this option [1] and move the 3D models until they intersect with the supporting structure of the cube marker, modifying the height of the marker base as necessary [2].

4.2.1. SCREEN: screenshot_5: 00:12-00:20
4.2.2. SCREEN: screenshot_5: 00:32-01:35 Videographer: please speed up

4.3. To save the model at this position, select the path to store the files and click Save Models [1]. 

4.3.1. SCREEN: screenshot_5: 01:35-01:50

4.4. If the anatomy model is too large, load the biomodel and supporting structure of the cube marker model in the Meshmixer software [1].

4.4.1. SCREEN: screenshot_5: 01:50-01:55

4.5. Select both models in the Object Browser window to combine the models [1] and
use the Plane Cut tool from the Edit menu to remove any unwanted sections of the model that will not be 3D-printed [2].

4.5.1. SCREEN: screenshot_5: 01:58-02:10
4.5.2. SCREEN: screenshot_5: 02:11-02:24

4.6. To save the model to be 3D-printed, select to File and Export and select the desired format [1].

4.6.1. SCREEN: screenshot_5: 02:43-02:57

5. 3D Printing and Augmented Reality (AR) App Deployment and Visualization

5.1. To 3D-print the physical models required for the final augmented reality application [1], in the 3D printing software, select a white color material for the Two Color Cube Marker_WHITE.obj file and a black color material for the Two Color Cube Marker_WHITE.obj file [2].

5.1.1. WIDE: Talent at computer, accessing 3D printing software, with monitor visible in frame
5.1.2. SCREEN: screenshot_6_v2: 00:00-00:50 Videographer: please speed up

5.2. Then use a dual extruder 3D printer to 3D print the cubic marker in black and white in high-quality mode with a small layer height [1][2].

5.2.1. Talent removing printed marker from printer
5.2.2. Added shot: 3D printer at the beginning of the printing process of the cubic marker (please move shot 5.2.2 before shot 5.2.1) 

5.3. To design a smartphone app in Unity engine that includes the 3D models, open Vuforia Developer and create an account [1-TXT].

5.3.1. SCREEN: screenshot_7: 00:04-00:12 TEXT: https://developer.vuforia.com/vui/auth/register

5.4. Select Get Development Key to obtain a free development license key and, in the License Manager menu, select and copy the key [1].

5.4.1. SCREEN: screenshot_7: 00:13-00:40 Videographer: please speed up

5.5. To set up the smartphone, in the Unity v.2019 application, under Build Settings in the File menu, select the appropriate platform for the device [1].

5.5.1. SCREEN: screenshot_8: 00:00-00:08 TEXT: https://docs.unity3d.com/Manual/PlatformSpecific.html

5.6. To enable Vuforia into the project, select Edit, Project Setting, Player Settings, and XR (A-R) Settings and check the box labeled Vuforia Augmented Reality Support [1].

5.6.1. SCREEN: screenshot_8: 00:21-00:31

5.7. To create an augmented reality camera, select Menubar, GameObject, Vuforia, and AR Camera and import the Vuforia components when prompted [1].

5.7.1. SCREEN: screenshot_8: 00:40-00:49

5.8. To add the Vuforia License Key into Vuforia Configuration settings, select the Resources folder, click Vuforia Configuration, and past the license key into the App License Key section [1].

5.8.1. SCREEN: screenshot_8: 00:49-01:03

5.9. Import the Vuforia Target file containing the files that Vuforia requires to detect the markers into Unity [1] and select Menubar, Game Object, Vuforia, and MuliTarget to create a Vuforia MultiTarget [1].

5.9.1. SCREEN: screenshot_8: 01:03-01:19
5.9.2. SCREEN: screenshot_8: 01:19-01:24

5.10. Click the MultiTarget to select the marker type that will be used for detection and, in the Database option under Multi Target Behaviour, select AR Health_3D Printed Cube_30x30x30. In the Multi Target option under Multi Target Behaviour, select either Two Color Cube Marker or Sticker Cube Marker, depending on the marker [1].

5.10.1. SCREEN: screenshot_8: 01:24-01:39

5.11. Drag the 3D models into the Models folder and drag the folder under the MultiTarget item. The models should become visible in the Unity 3D view scene [1].

5.11.1. SCREEN: screenshot_8: 01:39-02:05 Video Editor: please speed up

5.12. To change the colors of the 3D models, create new materials and assign the new materials to the models [1].

5.12.1. SCREEN: screenshot_8: 02:05-02:24 Video Editor: please speed up

5.13. If a webcam is available, click Play to test the application on the computer. If the marker is visible to the webcam, it should be detected, and the 3D models should appear in the scene [1].

5.13.1. SCREEN: screenshot_9: 00:09-00:24 Video Editor: please speed up

5.14. If an Android smartphone will be used for app the deployment, select Build Settings in Unity and select the plugged phone from the list [1].

5.14.1. SCREEN: screenshot_9: 00:37-00:45

5.15. Then save the file with an .apk extension and allow the process to finish [1].

5.15.1. SCREEN: screenshot_9: 00:51-01:17 Video Editor: please speed up

5.16. If the app will be deployed on an iOS device, select File and Build Settings and save the file [1-TXT].

5.16.1. SCREEN: screenshot_9: 01:24-01:50 TEXT: See text for additional deployment details

5.17. To visualize the app, open the app on the smartphone [1] and use the smartphone camera to look at the marker from within the app at a minimum distance of 40 centimeters [2].

5.17.1. Talent opening app, with screen visible in frame	Comment by Rafael Moreta Martinez: These two shots were taken in one shot.
5.17.2. Shot of marker within app and on desk

5.18. Once the app detects the marker, the previously created 3D models created should appear on the smartphone screen at the exact location defined during the procedure [1][2][3].

5.18.1. LAB MEDIA: Figure 6
5.18.2. Added shot: Shot of the smartphone using the app visualizing the 3D models created in step 3 on the smartphone screen (please substitute shot 5.18.1 with shot 5.18.2)	Comment by Rafael Moreta Martinez: Shot 5.18.2 was recorded in the same shot as 5.17.1 and 5.17.2. This is a shot of the smartphone visualizing 3D models from step 3 of the protocol. Furthermore, another shot was taken. This time using the smartphone to visualize 3D models obtained from step 4 (shot 5.18.3).
5.18.3. Added shot: Shot of the smartphone using the app visualizing the 3D models created in step 4 on the smartphone screen 


Section – Results
6. Results: Representative AR Visualization of 3D-Printed Markers 

6.1. Using the method as demonstrated, this portion of the affected tibia and fibula from a patient suffering from distal leg sarcoma and tumor were segmented from the patient’s CT (C-T) scan [1-TXT].

6.1.1. LAB MEDIA: Figure 1 TEXT: CT: computed tomography

6.2. Using the segmentation tools, one biomodel was created for the bone [1] and one biomodel was created for the tumor [2].

6.2.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize white bone image
6.2.2.  LAB MEDIA: Figure 1: JoVE Video Editor please red tumor image

6.3. For visualization mode, the models were centered in the upper face of the marker [1].

6.3.1. LAB MEDIA: Figure 2

6.4. For registration mode, the marker adaptor was positioned in the tibia [1] and a small section of the tibia was selected to be 3D-printed with a 3D marker adaptor [2].

6.4.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize white and black marker
6.4.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize black adaptor in center of bone

6.5. Polylactic acid can be used to create the 3D-printed markers [1], marker holder bases [2], and bone sections as demonstrated [3].

6.5.1. LAB MEDIA: Figures 5A-5D: JoV Video Editor please emphasize Figures 5A and 5B
6.5.2. LAB MEDIA: Figures 5A-5D: JoV Video Editor please emphasize Figure 5C
6.5.3. LAB MEDIA: Figures 5A-5D: JoV Video Editor please emphasize Figure 5D

6.6. Here a marker is attached to a “visualization” mode 3D-printed base [1] and here the attachment is shown with the “registration” mode 3D-printed biomodel [2].

6.6.1. LAB MEDIA: Figure 5E
6.6.2. LAB MEDIA: Figure 5F

6.7. This representation shows how the app works in “visualization” mode [1], with the hologram accurately located in the upper part of the cube as previously defined [2].

6.7.1. LAB MEDIA: Figure 6
6.7.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize bone/tumor image on phone screen

6.8. In “registration” mode, the complete bone model can be positioned on top of the 3D-printed section [1] with a clear and realistic visualization of the marker at the bone site [2]. 

6.8.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize hand and marker
6.8.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize image of marker w/in bone on phone screen





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. [bookmark: _Hlk22125343]Monica Garcia-Sevilla: To use augmented reality to visualize important patient information, you will need several software tools that are freely available as well as access to a 3D printer and a smartphone [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 2.4., 3.4., 4.2., 5.1., 5.18.)
7.2. [bookmark: _Hlk22125354]Ruben Pérez-Mañanes or José Calvo-Haro: As this procedure can be applied to any model obtained from medical images, its use can be extended to other interventions, such as radiation therapy positioning or needle insertion [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. [bookmark: _Hlk22125360]Javier Pascau: We are now extending the applications of this development into new areas, including maxillofacial and orthopedic surgery. Our initial results are promising and the surgeons' feedback is very positive [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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