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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  23
Number of Shots:  47

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Answers to these questions will not appear in the video but may be featured in our journal's promotional materials.
· Enter the full name of the author who will deliver the statement.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Answers will be mildly edited for clarity.
· Limit the length of each statement to 50 words or fewer.


How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 50 or fewer words.


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Designing and Printing Custom Infrared Markers
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, open the 3D computer-aided design software and create a new file [1]. Select the SOLID (Solid) tab and click Create Sketch to start a new design for an infrared marker [2]. Add three or four small circles with a diameter of 3 millimeters by pressing Center Diameter Circle [3]. 
2.1.1. WIDE: Talent launching the 3D CAD software and starting a new design file.
2.1.2. SCREEN: Cursor navigating to the SOLID tab and selecting Create Sketch to open the sketch interface.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=20925183
2.1.3. SCREEN: Talent using Center Diameter Circle to draw 3 to 4 small circles, each 3 millimeters in diameter.

2.2. Using the Line tool, calculate the center point by connecting the vertices of the triangle to the midpoints of the opposite sides, and draw lines connecting the circles [1]. At the center point, draw a circle using Center Diameter Circle, then draw rectangles connecting this center circle with each of the smaller circles using the 2-point Rectangle tool [2].
2.2.1. SCREEN: Talent selecting the Line tool and drawing lines between circle edges and opposite midpoints to determine the center.
2.2.2. SCREEN: Talent drawing a center circle and then using 2-point Rectangle to connect the center to each outer circle.

2.3. Extrude the center circular base and connecting rectangles to a thickness of 2 millimeters [1]. Extrude the smaller circles to a thickness of 5 millimeters [2]. Press Create, then select Thread, and add threads to the three cones using an ISO (I-S-O) Metric Profile to fit 6.4 millimeter infrared reflective spheres [3]. Using the 3D Print or Export function, export the final model as an object file [4].
2.3.1. SCREEN: Talent selecting the Extrude tool and applying 2 millimeter thickness to the center circle and rectangles.
2.3.2. SCREEN: Talent extruding the smaller screw-hole circles to a thickness of 5 millimeters.
2.3.3. SCREEN: Using Create > Thread, talent adds ISO metric threads (M3 × 0.5, 6g, Right Hand) to each small cone.
2.3.4. SCREEN: Talent exporting the model using 3D Print or Export and saving it as an OBJ file.

2.4. Within the 3D computer-aided design software, select Measure to measure the X, Y, and Z coordinates of the infrared reflective spheres relative to the center point [1]. Measure the locations of the center points of each small circle in correlation to the center of the entire shape [2]. 
2.4.1. SCREEN: Talent selecting the Measure tool from the toolbar in the 3D CAD software.
2.4.2. SCREEN: Talent measuring and highlighting distances from each small circle’s center to the central point.

3. Preparing the Holographic Application 
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Launch the game development software, import the IRTrackingOrgans_HoloLens (I-R-Tracking -Organs-Holo-Lens) project file and open the project [1]
3.1.1. SCREEN: Launching game development software and Importing the IRTrackingOrgans_HoloLens project and opening it in the interface.

3.2. Using a text editor, open the JavaScript Object Notation file saved in the Assets/StreamingAssets (Assets-or-Streaming-Assets) folder [1]. Adapt the file to define the custom infrared marker using the previously recorded coordinates and following the default format [2].
3.2.1. SCREEN: Opening the JSON file in a text editor and navigating to the Assets/StreamingAssets directory.
3.2.2. SCREEN: Talent editing the JSON structure to enter custom coordinates for the infrared marker.

3.3. In the DINO (Dino) Unity tab, select ToolManager (Tool-Manager), click ResearchModeController (Research-Mode-Controller) followed by JSON file and Parent transform, then click Create Objects & Apply JSON Setting [1].
3.3.1. SCREEN: Navigating the DINO Unity interface and selecting the required components before clicking Create Objects & Apply JSON Setting.

3.4. Import the created 3D infrared marker model  [1]. Select the patient-specific 3D model and change its transform coordinates in the inspector window to match the position of the spawned markers in the scene [2].
3.4.1. SCREEN: Talent importing the 3D marker model into Unity via the asset import menu.
3.4.2. SCREEN: Highlighting the patient model in the project hierarchy and manually adjusting the transform fields in the inspector panel.

3.5. Drag the patient-specific 3D model into the scene to insert it [1]. Transform the patient's 3D model to align the infrared marker to its surface [2]. Position the infrared marker close to the center of the model to reduce positional error from the lever effect [3].
3.5.1. SCREEN: Talent clicking and dragging the 3D patient model into the Unity scene view.
3.5.2. SCREEN: Adjusting the position of the patient model in the scene so that the marker appears to touch its surface.
3.5.3. SCREEN: Fine-tuning the marker placement near the center of the 3D object to ensure stable alignment.

3.6. Connect the patient scene to a button in the menu screen to allow for multiple case selections. Navigate to Assets, Scenes, and Menu scene [1]. In the Hierarchy window, go to NearMenu4x2 (Near-Menu-Four-By-Two), then to ButtonCollection (Button-Collection), and select the relevant button [2]. In the Inspector window, go to Basic Events, and under MenuScript.LoadScene (Menu-Script-Dot-Load-Scene), type the name of the patient scene [3].
3.6.1. SCREEN: Navigating through the Unity project folders to Assets > Scenes > Menu scene.
3.6.2. SCREEN: Opening the Hierarchy window and expanding NearMenu4x2 > ButtonCollection, highlighting the target button.
3.6.3. SCREEN: Inside the Inspector window, locating Basic Events, entering the patient scene name under MenuScript.LoadScene.

4. Validation of Holographic Visualization of Moving Organs
Demonstrator: Click here to enter name of demonstrator(s) 

4.1. Create or obtain a 3D model of a kidney phantom with realistic anatomical structures [1]. Import the 3D model into a 3D CAD modeling software [2]. Use the Solid, Create, and Hole functions to integrate five registration pivot points on the side of the model. Set the Hole Type to Simple, Hole tap Type to Simple, Drill Point to Angle, Height to 0.5 millimeters, and Diameter to 4.0 millimeters [3].
4.1.1. SCREEN: Creating a 3D model of a kidney phantom.
4.1.2. SCREEN:  Importing the 3D model into a 3D CAD modeling software 
4.1.3. SCREEN: Talent navigating to Solid > Create > Hole and adjusting the settings for five pivot points.

4.2. To fixate the electromagnetic reference sensor, create a cylinder with a hole and integrate it into the kidney model. Start a new sketch and use Center Diameter Circle to draw a circle and an inner circle with a diameter of 2.8 millimeters [1]. Extrude the outer circle by 16.5 millimeters. Then, go to Modify followed by Combine. Select both the 3D kidney model and the cylinder, choose Join, and confirm by clicking OK [2].
4.2.1. SCREEN: Creating a sketch with two concentric circles, entering 2.8 millimeters as the inner circle diameter.
4.2.2. SCREEN: Extruding the outer circle to a height of 16.5 millimeters. Using Modify > Combine to merge the cylinder with the kidney phantom model and selecting Join > OK
.
4.3. Then, use the Export or 3D Print function to export the final integrated model [1].
4.3.1. SCREEN: Talent exporting the completed model through the software’s Export or 3D Print menu.

4.4. Next, use a flexible or semi-flexible filament such as thermoplastic polyurethane to print the kidney phantom following the procedure described previously [1-TXT].
4.4.1. Talent setting up a 3D printer and selecting thermoplastic polyurethane filament for printing the kidney phantom model.  TXT: See the 3D Slicer and SlicerIGT tutorial for EM tracking system configuration

4.5. Place the field generator of the electromagnetic tracking system directly beneath the printed kidney phantom [1]. Remove all ferromagnetic objects from the surrounding environment to prevent electromagnetic field inhomogeneities [2].
4.5.1. Talent positioning the field generator on the lab table and placing the phantom above it.
4.5.2. Talent clearing nearby metallic or magnetic items from the workspace.

4.6. Then, connect the electromagnetic sensor and the electromagnetic pointer to the tracking system [1-TXT].  Attach the electromagnetic reference sensor to the 3D model by fixing it securely inside the cylinder using glue [2].
4.6.1. Talent plugging in the EM sensor and pointer into the tracking interface. TXT: Ensure accurate visualization of tool transforms in 3DSlicer
4.6.2. Talent applying glue and inserting the EM-reference sensor into the cylinder slot on the kidney phantom.

4.7. In 3D Slicer, import the 3D kidney model containing the pivot points [1]. Use the Fiducial Registration Wizard, select Place a control Point, and digitally assign the registration landmarks [2].
4.7.1. SCREEN: Importing the 3D model into 3D Slicer and viewing it in the main window.
4.7.2. SCREEN: Selecting Fiducial Registration Wizard, clicking Place a control Point, and assigning fiducials to each pivot point on the model.

4.8. To perform landmark registration in 3D Slicer, use the electromagnetic pointer to pinpoint the physical landmark points [1]. Press Place a control point at each physical location to register them in the software [2]. Then, calculate the rigid linear registration transform by pressing Update [3].
4.8.1. Talent using the EM pointer to physically touch each landmark point on the phantom.
4.8.2. SCREEN: Clicking Place a control point for each corresponding physical location in 3D Slicer.
4.8.3. SCREEN: Pressing Update in the Fiducial Registration Wizard to generate the rigid registration transform.

4.9. Apply the calculated registration transform to the 3D model to link it with the electromagnetic reference sensor [1]. Move the physical model and confirm that the digital version in 3D Slicer follows its motion [2].
4.9.1. SCREEN: Applying the transform to the 3D model within the 3D Slicer interface.
4.9.2. Talent gently moving the physical phantom while the digital model moves in synchrony on screen.

4.10. Launch the holographic display device and open the holographic application configured earlier [1]. Navigate to the correct patient-specific 3D model that is currently visualized in 3D Slicer [2].
4.10.1. Talent turning on the holographic device and opening the custom application.
4.10.2. SCREEN: Selecting and opening the relevant patient model aligned with the 3D Slicer visualization.

4.11. Now, attach the infrared marker to the specified location using glue, ensuring the fitted 6.4-millimeter infrared reflective spheres are in place, as guided by the preoperative planning [1].
4.11.1. Talent applying glue and positioning the infrared marker at the correct site on the phantom using visual cues.

4.12. Use the electromagnetic pointer to digitally identify the target points as seen through the holographic visualization [1]. Save the resulting set of EM sensor coordinates [2].
4.12.1. Talent touching key anatomical locations with the EM pointer based on holographic overlays.
4.12.2. SCREEN: Saving the EM coordinates from each pointer action into the system.

4.13. Calculate the error by comparing the saved target coordinates to the actual placed landmarks to validate the accuracy of the holographic visualization [1].
4.13.1. SCREEN: Displaying a side-by-side comparison of target coordinates and ground truth landmarks with error values calculated.

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 66.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. Across all participants, the Point Localization Error or PLE (P-L-E) showed a median value of 8.74 millimeters [1], with individual measurements ranging from 2.78 to 13.20 millimeters [2]. Surgeon 2 consistently achieved the lowest PLE measurements, including the two most accurate localizations at 2.78 and 3.48 millimeters [3].
5.1.1. LAB MEDIA: Table 1. Video editor: Highlight the final column labeled "PLE (mm)" for all rows in the table.
5.1.2. LAB MEDIA: Table 1. Video editor: Emphasize the row with the lowest PLE value of 2.78 and the highest PLE value of 13.20.
5.1.3. LAB MEDIA: Table 1. Video editor: Highlight the rows under "Surgeon 2" where PLE values are 2.78 and 3.48.
5.2. The largest localization error was observed during the third measurement by Surgeon 3, with a PLE of 13.20 millimeters [1].
5.2.1. LAB MEDIA: Table 1. Video editor: Highlight the third row under "Surgeon 3" in the PLE column, showing the value 13.20.
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