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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?  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?  Yes
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://www.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?   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: 15
Number of Shots: 20

Interviews 
1. Video 1: Author Spotlight: Title (Filled by scriptwriter during script finalization)

Ethics Title Card
[bookmark: OLE_LINK9]This research has been approved by the Institutional Review Board of Sunsimiao Hospital affiliated with the Beijing University of Chinese Medicine. The patient provided informed consent for the study


Videographer: Obtain headshots for all authors. 

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 50 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

[bookmark: OLE_LINK1]What is the scope of your research? What questions are you trying to answer? 
1.1. Fangliang Xing: The scope of our research focuses on the precise quantitative diagnosis of thyroid diseases, specifically exploring how different stages of the disease can be accurately quantified.
[bookmark: OLE_LINK2]What are the most recent developments in your field of research?
1.2. Fangliang Xing: The most recent development in our field of research involves establishing a precise diagnostic technology system for thyroid diseases based on handheld ultrasound devices, which enables the creation of 3D thyroid images.
[bookmark: OLE_LINK3]What technologies are currently used to advance research in your field?
1.3. Fangliang Xing: Currently, the fusion diagnosis of ultrasound imaging and thyroid biochemical markers is being utilized to advance research in our field.
[bookmark: OLE_LINK4]What are the current experimental challenges?
1.4. Fangliang Xing: The current experimental challenge we are facing is the collection of patient sample data from different stages of the disease.
[bookmark: OLE_LINK5]What significant findings have you established in your field?
1.5. Fangliang Xing: We have established significant findings in our field by synchronizing B-ultrasound and color Doppler ultrasound in 3D space to diagnose thyroid imaging indicators and integrate them with biochemical indicators

[bookmark: OLE_LINK7]What research gap are you addressing with your protocol?
1.6. Fangliang Xing: With our protocol, we are addressing the research gap by utilizing portable handheld ultrasound devices to achieve panoramic observation and diagnosis of the triplanar views of thyroid ultrasound imaging.

[bookmark: OLE_LINK53]What advantage does your protocol offer compared to other techniques?
1.7. [bookmark: OLE_LINK60]Fangliang Xing: Our protocol offers the advantage of high cost-effectiveness and comprehensive, precise diagnosis compared to other techniques.

[bookmark: OLE_LINK54]How will your findings advance research in your field?
1.8. [bookmark: OLE_LINK57]Fangliang Xing: Our findings will advance research in the field by achieving precise quantification of thyroid disease staging and classification.
[bookmark: OLE_LINK58]What new scientific questions have your results paved the way for?
1.9. Fangliang Xing: Our results have paved the way for the precise staging and classification of thyroid diseases.
[bookmark: OLE_LINK61]What research questions will your laboratory focus on in the future?
1.10. Fangliang Xing: In the future, our laboratory will focus on the development and application of integrated quantitative diagnostic techniques, combining ultrasound imaging with biochemical and immunological indicators, for precise staging and classification of thyroid diseases.

Videographer: Obtain headshots for all authors.

Protocol Videos 
Each video will include a section of your protocol and accompanying results, if applicable. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) are the narration. Professional voiceover artists will narrate the video. 
· Red and italics are pronunciation guides (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 from that step in advance.
Protocol:
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Representative Results: 
· The three-digit numbers (e.g., 2.3.1., 2.3.2.) are the figures/tables from your manuscript. These will not be recorded by the videographer.
· Please review the result section to make sure it logically follows the video.
· Please note that the video cannot include voiceover without an accompanying visual.

2. Video 2: Importing and Visualizing 4D B-Mode and Color Doppler Ultrasound Data in MATLAB
Demonstrator: Fangliang Xing
Ethics Title Card
Procedures involving human subjects have been approved by the Institutional Review Board of Sunsimiao Hospital, affiliated with the Beijing University of Chinese Medicine. The patient provided informed consent for the study
Protocol
2.1. To begin, place a portable handheld ultrasound device on the patient's neck to image the thyroid in the cross-sectional plane [1].
2.1.1. WIDE: Establishing shot of talent placing the ultrasound device on the patient's neck. Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 

2.2. After acquiring a sequence of transverse B-mode images visualizing thyroid morphology, copy all DICOM (di-com) data to a customized working directory [1].
2.2.1. SCREEN: To be uploaded by Authors: Copying DICOM data of transverse B-mode images to a working directory.

2.3. Open the MATLAB (mat-lab) on the computer [1]. In the Command window, enter the indicated command to view the size of the size(VB0) data [2-TXT].	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce size(VB0)? Please confirm. 	Comment by Administrator: Size VBzero
2.3.1. Talent opening the MATLAB on the computer with monitor/screen visible in the frame.
2.3.2. SCREEN: To be uploaded by Authors: In the Command window, the command VB0 = dicomread('fname.dcm'); is entered and displaying the dimensions of the data. TXT: VB0 = dicomread('fname.dcm');

2.4. Next, enter the indicated command to call the US_B_Show (U-S-underscore-B-underscore-show) function and convert the 4D (four-D) matrix data into a continuous grayscale video sequence [1-TXT].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for US_B_Show  is correct.	Comment by Administrator: US B show	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce 4D? Is it four-D or four-dimensional? Please confirm 	Comment by Administrator: Four dimensional matrix
2.4.1. SCREEN: To be uploaded by Authors: Entering the command US_B_Show(VB0) in the MATLAB Command window. TXT: US_B_Show(VB0)

2.5. Press the play button to initiate continuous video playback of the frame sequence. Use the pause and play control tool icons for flexible navigation of any frame [1]. Use the zoom in/out (in or out) buttons to dynamically magnify or minify the images during playback. Set the default zoom button to the original 1x view [2]. 
2.5.1. SCREEN: To be uploaded by Authors: Pressing the play button and displaying the continuous video playback of the frame sequence. Pressing the pause and play control tool icons and selecting the desired frame of the recording.
2.5.2. SCREEN: To be uploaded by Authors: Magnifying or minimizing the images during playback by pressing the zoom in/out buttons. Setting the zoom button to original 1x view.

2.6. [bookmark: OLE_LINK22]For localized analysis, click on the inspect pixel values button and move the mouse over a region to overlay crosshairs with pixel coordinates and intensities [1]. 
2.6.1. SCREEN: To be uploaded by Authors: Clicking on the inspect pixel values button and inspecting the pixel values with crosshairs overlaying on the ultrasound image.

2.7. Using the dicomread (di-com-read) function, import the color Doppler ultrasound data of thyroid into MATLAB. Then, select the size function to view the dimensions of the data [1]. 
2.7.1. SCREEN: To be uploaded by Authors: Importing color Doppler ultrasound data file into MATLAB using the dicomread function and displaying data dimensions using the size function.

2.8. Next, use the US_C_Show (U-S-underscore-C-underscore-show) function to transform the 4D matrix data into a continuous color video sequence for detailed examination [1].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for US_C_Show  is correct.	Comment by Administrator: U-S-underscore-C-underscore-show
2.8.1. SCREEN: To be uploaded by Authors: Using the US_C_Show function, converting the 4D color Doppler data into a continuous video sequence.

3. Video 3: Integrated Synchronization and Triplanar Reconstruction of 4D B-Mode and Color Doppler Ultrasound Data for Thyroid Analysis
Demonstrator: Click here to enter name of demonstrator(s)
Ethics Title Card
Procedures involving human subjects have been approved by the Institutional Review Board of Sunsimiao Hospital affiliated with the Beijing University of Chinese Medicine. The patient provided informed consent for the study
Protocol
3.1. After loading the B-mode and color Doppler 4D ultrasound files of thyroid morphology [1], execute the Synchronize_B_C (synchronize-underscore-B-underscore-C) function with the two 4D matrices as inputs [2].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for Synchronize_B_C is correct.	Comment by Administrator: synchronize-underscore-B-underscore-C
3.1.1. WIDE: Establishing shot of talent showing the B-mode and color Doppler 4D ultrasound images of thyroid morphology on a computer with monitor/screen visible in the frame. Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 
3.1.2. SCREEN: To be uploaded by Authors: Synchronizing B-mode and color Doppler data of thyroid for integrated analysis using Synchronize_B_C function 

[bookmark: OLE_LINK15][bookmark: OLE_LINK42][bookmark: OLE_LINK44][bookmark: OLE_LINK43]Synchronous Triplanar Reconstruction for Thyroid
3.2. Using the thyroid_triplanar (thyroid-underscore-triplanar) function with the 4D B-mode ultrasound data, generate three orthogonal planes of the thyroid gland [1]. Click and drag the center of the crosshair for an arbitrary 3D (three-D) examination of the thyroid anatomy reconstructed from ultrasound [2].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for thyroid_triplanar is correct.	Comment by Nilesh Kolhe: Authors: How should JoVE voiceover talent pronounce 3D? Is it three-D or three-dimensional? Please confirm. 	Comment by Administrator: Three D
3.2.1. SCREEN: To be uploaded by Authors: Using the thyroid_triplanar function with the 4D B-mode ultrasound data, generating three orthogonal (coronal, sagittal, and axial) planes of the thyroid gland.
3.2.2. SCREEN: To be uploaded by Authors: Clicking and dragging the center of the crosshair and examining the anatomy of the thyroid gland in B mode.

3.3. [bookmark: OLE_LINK59]Press and drag the left mouse button over any region of the images for real-time modification of brightness and contrast levels. Release the mouse button to confirm and finalize the adjustments [1].
3.3.1. SCREEN: To be uploaded by Authors: Real-time modification of brightness and contrast levels through pressing and dragging the left mouse button, with the final adjustments being applied upon release.

[bookmark: OLE_LINK55][bookmark: OLE_LINK51][bookmark: OLE_LINK56]Synchronous Triplanar Reconstruction for 3D Blood Flow Field
3.4. Using the thyroid_3D_blood (thyroid-underscore-three-D-underscore-blood) function with the 4D C-mode ultrasound data, generate the three orthogonal planes of the thyroid gland's vascular structure [1]. Click and drag the center of the crosshair for an arbitrary 3D examination of the thyroid anatomy reconstructed from ultrasound [2].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for thyroid_3D_blood  is correct. 	Comment by Administrator: thyroid-underscore-three-D-underscore-blood
3.4.1. SCREEN: To be uploaded by Authors: Using the thyroid_3D_blood function with the 4D B-mode ultrasound data, generating three orthogonal (coronal, sagittal, and axial) planes of the thyroid gland's vascular structure.
3.4.2. SCREEN: To be uploaded by Authors: Clicking and dragging the center of the crosshair and examining the thyroid anatomy in color mode.

3.5. Press and drag the left mouse button over any region of the images for real-time modification of brightness and contrast levels. Release the mouse button to confirm and finalize the adjustments [1].
3.5.1. [bookmark: _Hlk158030477]SCREEN: To be uploaded by Authors: Real-time modification of brightness and contrast levels through pressing and dragging the left mouse button, with the final adjustments being applied upon release.

Synchronization of B-mode Triplanar Views and Color Doppler Triplanar Views
3.6. Drag the crosshair interaction in triplanar views extracted from B-mode ultrasound to locate the region of interest. Execute the US_B2C (U-S-underscore-B-to-C) to obtain the corresponding location in the color Doppler triplanar views [1].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for US_B2C is correct.	Comment by Administrator: U-S-underscore-B-to-C
3.6.1. SCREEN: To be uploaded by Authors: Dragging the crosshair interaction in triplanar views from B mode image. Then, executing the US_B2C and obtaining information on the region of interest in the color Doppler triplanar views.

3.7. Drag the crosshair interaction in triplanar views extracted from Doppler ultrasound to 
locate the region of interest. Then, execute US_C2B (U-S-underscore-C-to-B) to obtain the corresponding location in the B-mode triplanar views [1].	Comment by Nilesh Kolhe: Authors: Please confirm that the pronunciation guide (red italics font) for US_C2B is correct.	Comment by Administrator: U-S-underscore-C-to-B
3.7.1. SCREEN: To be uploaded by Authors: Dragging the crosshair interaction in triplanar views for Doppler image. Then, executing the US_C2B and obtaining information on the region of interest in the color Doppler triplanar views.

[bookmark: OLE_LINK62]Authors: Acquire screen capture videos for all shots labeled SCREEN and upload them to your project page: https://review.jove.com/account/file-uploader?src=20303593

Representative Results
3.8. The synchronized visualization of structural and functional information across three orthogonal planes significantly aided in the precise localization and severity determination of thyroid pathologies [1].
3.8.1. LAB MEDIA: Figure 6
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