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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:  12
Number of Shots: 24

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

Ethics Title Card
This research has been approved by the Department of Infectious Diseases at Dongzhimen Hospital, Beijing University of Chinese Medicine
Videographer: Obtain headshots for all authors. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer at least 3 of the questions 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 that is 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.

What is the scope of your research? What questions are you trying to answer? 
1.1. Fan Zhao: This study develops a 3D Dixon MRI technique to precisely quantify liver fat distribution, aiming to validate its efficacy as an accurate, non-invasive tool for assessing and differentiating fat patterns in normal versus steatotic livers.

What are the most recent developments in your field of research?
1.2. Fan Zhao: Recent advances in MRI fat quantification include novel 3D distribution modeling approaches integrating Dixon imaging with liver structural segmentation to enable precise visualization and measurement of liver fat fraction patterns.
What technologies are currently used to advance research in your field?
1.3. [bookmark: OLE_LINK7]Fan Zhao: Integrating AI-driven medical imaging, deep learning, 3D visualization, and multimodal data fusion enhances whole liver modeling and steatotic assessment, facilitating precise clinical decision-making. 
What are the current experimental challenges?
1.4. Fan Zhao: Current experimental challenges include standardizing computational workflows, addressing variations in equipment and protocols, and elucidating the mechanisms of disease progression in hepatic steatosis research.

What significant findings have you established in your field?
1.5. Fan Zhao: Our significant finding is the development of a novel 3D quantification method using Dixon MRI for precise liver fat fraction assessment, enabling differentiation between normal and steatotic livers at different disease stages.

What research gap are you addressing with your protocol?
1.6. Fan Zhao: We address the research gap of comprehensive 3D liver fat fraction analysis, distinguishing hepatic steatosis stages non-invasively, providing valuable insights for clinical diagnosis and treatment.

What advantage does your protocol offer compared to other techniques?
1.7. Fan Zhao: Our protocol offers the advantage of 3D liver fat fraction assessment, surpassing 2D techniques, enabling precise differentiation of normal and steatotic livers for enhanced clinical decision-making.
How will your findings advance research in your field?
1.8. Fan Zhao: The findings will advance research in our field by offering a comprehensive and accurate 3D-LFF assessment of different stages of fatty liver disease, crucial for treatment decisions and prognosis evaluation.
What new scientific questions have your results paved the way for?
1.9. Fan Zhao: Our results have paved the way for new scientific questions regarding the establishment of 3D-LFF maps for healthy livers and different stages of fatty liver, enhancing precise fatty liver treatment.
What research questions will your laboratory focus on in the future?
1.10. Fan Zhao: AI-driven diagnosis, treatment, and prognosis of fatty liver disease, coupled with the development of herbal medicines for liver diseases, represent promising areas of research and innovation.

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 a voiceover without an accompanying visual.

IMPORTANT! Continuous shots: Please list the shots that need to be performed continuously without any interruptions. This information will help the videographer during filming. 
Click here to list the shots to be performed continuously without any breaks

Video 2: Data Collection from Patient Liver-MRI Datasets to Validate the 3D Liver Fat Fraction Quantification
Demonstrator: Click here to enter name of demonstrator(s)
Ethics Title Card
This research has been approved by the Department of Infectious Diseases at Dongzhimen Hospital, Beijing University of Chinese Medicine
Protocol
Begin by checking the Dixon magnetic resonance imaging or MRI (M-R-I) sequence for the upper abdomen [1]. To do so, copy all DICOM data to a customized working directory [2]. Then, go to the directory housing the data within MATLAB's current working directory [3]. Authors: Please mention the full form of DICOM, if any. Also, how would you like JoVE’s voice talent to pronounce DICOM – like a single word Dye-com or like individual letter D-I-C-O-M?
WIDE: An establishing shot of talent sitting in front of the computer with a hand on the mouse.
SCREEN: To be provided by the authors: The DICOM data is being copied to a customized working directory.
Authors: The shots labeled as SCREEN are those that would be visualized on a computer screen. Because filming the screen directly does not produce good-quality images, we recommend recording the shots using screen recording software.
SCREEN: To be provided by the authors: The directory housing the data within MATLAB’s current working directory is being opened.
To quickly check images of Dixon, change the directory to access folders for different phases [1], which include In-phase, Out-phase, Water, and Fat phases, each stored in distinct folders for Dixon imaging [2].
SCREEN: To be provided by the authors: The directory is being changed to access a folder of a phase.
SCREEN: To be provided by the authors: The folders storing the different phases are visible on the screen, and each is pointed to using the cursor.
Employ the scroll bar situated at the bottom of the graphic user interface or GUI to efficiently navigate through the various sequences [1]. Use the MRI-Dixon In-phase sequence to enhance descriptions of liver tissue boundaries [2].
SCREEN: To be provided by the authors: The scroll bar at the bottom of the GUI is being adjusted, and various sequences are being seen.
SCREEN: To be provided by the authors: The MRI-Dixon In-phase sequence is being used to enhance descriptions of liver tissue boundaries. Authors: Please mention what exact action you would perform here. This will help us script it in a more easy way.
Use the Mark pixel coordinates feature to calculate the distance between two points, aiding in the measurement of nodule sizes [1]. 
SCREEN: To be provided by the authors: The Mark Pixel Coordinate feature is selected, and the distance between two points is measured.
Right-click on the Color Bar and select the option from the pop-up menu to switch to the standard gray colormap and reset the entire GUI [1]. If the default filter window is not suitable, adjust it by dragging it up and down in the middle of the figure using the left mouse button to modify the window level [2].
SCREEN: To be provided by the authors: The option color bar is right-clicked, the pop-up menu appears, the option to switch to the standard gray colormap is selected, and the entire GUI is reset. 
SCREEN: To be provided by the authors: The filter window is adjusted by dragging it up and down in the center of the figure.
Video 3: Extracting the 3D Region of the Liver and Generating Fat Fraction Map and 3D-Volume of Fat Fraction Distribution
Demonstrator: Click here to enter name of demonstrator(s)
This research has been approved by the Department of Infectious Diseases at Dongzhimen Hospital, Beijing University of Chinese Medicine
Protocol
To begin extracting the 3D region of the liver from the Dixon magnetic resonance imaging or MRI data [1], open the MIMICS software and choose New Project [2]. In the subsequent dialog box, locate the folder housing the DIXON Out-phase images [3]. Continue by clicking on NEXT, and then hit Convert to enter the sequence-editing mode [4].
WIDE: An establishing shot of talent sitting in front of the computer with a hand on the mouse.
SCREEN: To be provided by the authors: The MIMICS software is opened and New Project is selected.
SCREEN: To be provided by the authors: The dialogue box appears, and the folder housing the Dixon Out-phase images is pointed to with the cursor.
SCREEN: To be provided by the authors: Next is clicked, followed by Convert.
Click on New within the MASK dialog box situated on the right-hand side to generate an empty Mask and opt for the maximum threshold [1]. Use the Edit Masks tool located under the "Segment" label to delineate the liver area in all horizontal views [2].
SCREEN: To be provided by the authors: The cursor is moved to the Mask dialogue box, New is clicked, an empty Mask is generated, and the maximum threshold is selected.
SCREEN: To be provided by the authors: The cursor is moved to the Segment label, then Edit Mask is selected under it, and the liver area in all horizontal views is delineated.
Choose the liver mask depicted earlier and click on Calculate Part from Mask to create a 3D spatial representation of the liver [1]. 
SCREEN: To be provided by the authors: The liver mask is chosen, the Calculate Part from Mask is clicked, and a 3D spatial representation is created.
Navigate to File, then select Export, and choose the DICOM option [1]. In the pop-up dialog box, select the liver mask, specify the file path and names, and then click on OK to export the 3D liver region to the designated DICOM files [2].
SCREEN: To be provided by the authors: File is clicked, Expost is clicked, and DICOM is selected.
SCREEN: To be provided by the authors: A pop-up window appears, liver mask is selected, file path and names are entered, OK is clicked, and exporting begins.
Generating Fat Fraction Map (FF Map)
Change the directory to the folder of In-phase images and select the Volume_In function to generate the in-phase Volume [1]. Change the directory to the folder of Water-only images and select the Volume_Water function to generate the water-only Volume [2].
SCREEN: To be provided by the authors: The directory is changed to the In-phase image folder, Volume_In function is selected, and the in-phase volume is generated.
SCREEN: To be provided by the authors: The directory is changed to the Water-only image folder, Volume_Water is selected, and water-only volume is generated.
Select the FF_Volume function using the two Volumes generated in step previously and as inputs to obtain the FF-Volume of the abdominal MRI [1]. 
SCREEN: To be provided by the authors: The FF_Volume function is selected, the generated volumes are given as input, and FF-volume is obtained.
3D-Volume of Liver Fat Fraction Distribution
Utilize the LFF_Volume function, providing it with the 3D liver region and the Liver stiffness map as input parameters [1]. Run the LFF_Distribution function using the identical input parameters as "LFF_Volume" to produce the spatial distribution of the 3D Liver Fat Fraction [2].
SCREEN: To be provided by the authors: The LFF_Volume function is selected, and the 3D liver region and Liver stiffness maps are given as input.
SCREEN: To be provided by the authors: The LFF_Distribution function is selected, the 3D liver region and Liver stiffness maps are given as input, and the spatial distribution of the 3D Liver Fat Fraction is generated.
Authors: Please record all shots labeled as SCREEN using screen recording software, and upload the video files to your project page as soon as possible. https://review.jove.com/account/file-uploader?src=20166953
Representative Results
Fusing the 3D liver contour with the 2D FF map generated an integrated 3D-FF distribution model [1]. This revealed fat fraction values at different liver positions, enabling precise measurement of the proportion of the liver at various steatosis levels [2].
LAB MEDIA: Figure 5
LAB MEDIA: Figure 6
Comparison between a normal and fatty liver validated the technique's ability to discern different 3D-LFF distribution patterns [1].
LAB MEDIA: Figure 7
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