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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.   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: 16
Number of Shots: 30

Interviews 
1. Video 1: Author Spotlight: DR. Yang Liu

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 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_LINK12]What is the scope of your research? What questions are you trying to answer? 
1.1. Yang Liu：  The scope of the research is to develop a three-dimensional digital model for the early diagnosis of hepatic fibrosis based on magnetic resonance elastography. The research aims to address the limitations of current methods and provide a non-invasive and quantitative approach for the accurate assessment and monitoring of hepatic fibrosis.

[bookmark: OLE_LINK14]What are the most recent developments in your field of research?
1.2. Yang Liu: Recent developments in the field of hepatic fibrosis research include advancements in non-invasive imaging techniques, such as magnetic resonance elastography (MRE), for accurate quantification of liver stiffness. Additionally, there is ongoing progress in developing computational models and machine learning algorithms to improve the diagnosis and monitoring of hepatic fibrosis.
[bookmark: OLE_LINK16]What technologies are currently used to advance research in your field?
1.3. Yang Liu: Technologies currently used to advance research in the field of hepatic fibrosis include magnetic resonance imaging (MRI) and magnetic resonance elastography (MRE) for non-invasive assessment of liver stiffness, medical imaging analysis techniques for aligning liver structure images with MRE data, and the potential use of deep learning algorithms for automated extraction of 3D liver regions.
[bookmark: OLE_LINK15]What are the current experimental challenges?
1.4. Yang Liu: Some of the current experimental challenges in the field of hepatic fibrosis research include improving the scanning accuracy and imaging techniques of non-invasive methods like magnetic resonance elastography (MRE), standardizing computational protocols for consistent results, and accumulating more comprehensive and diverse data sets for accurate classification and diagnosis.

[bookmark: OLE_LINK17]What significant findings have you established in your field?
1.5. Yang Liu: The significant findings of this study include the successful development of a three-dimensional digital model for the early diagnosis of hepatic fibrosis based on magnetic resonance elastography (MRE). The model incorporates liver stiffness measurements at the voxel level, enabling the calculation of the liver's fibrosis distribution ratio at different stages.

[bookmark: OLE_LINK18]What research gap are you addressing with your protocol?
1.6. Yang Liu: The liver MRI structural images were accurately aligned with MRE images, enabling the three-dimensional distribution of Liver Stiffness Distribution (LSD) and achieving precise quantification in 3D space.

What advantage does your protocol offer compared to other techniques?
1.7. Yang Liu: Non-invasive and precise 3D quantification of early-stage fibrosis throughout the entire liver.
How will your findings advance research in your field?
1.8. Yang Liu: It is possible to accurately establish a Liver Stiffness Distribution (LSD) map for a healthy liver and conveniently utilize it for the diagnosis and treatment of patients with different stages of liver cirrhosis.
What new scientific questions have your results paved the way for?
1.9. Yang Liu: Non-invasive and precise quantification of early-stage liver fibrosis, along with prognostic evaluation, is applicable not only to early liver fibrosis but also to liver cirrhosis-related diseases.
What research questions will your laboratory focus on in the future?
1.10. Yang Liu: AI-driven diagnosis, treatment, and prognosis of liver diseases, as well as the development of herbal medicines related to liver 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.

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=19979683

2. Video 2: Data Preparation and Extraction of 3D Region of the Liver
Demonstrator: Click here to enter name of demonstrator(s)
Protocol
2.1. [bookmark: OLE_LINK4]To begin, ensure that the IDEAL (ideal) data collected from the patient with clinically confirmed hepatic fibrosis have a horizontal resolution of 256 by 256 pixels, with a pixel spacing of 1.5625 millimeters, and a slice thickness of 10 millimeters [1-TXT]. Authors: Please confirm that the pronunciation guide (red italics font) for IDEAL is correct.
2.1.1. WIDE: Establishing shot of talent opening the MRI scan image and showing collected data parameters with monitor/screen visible in the frame. TXT: IDEAL: Iterative Decomposition of water and fat with Echo Asymmetry and Least-squares estimation

2.2. Copy all DICOM (di-com) data to a customized working directory [1] and Navigate to the directory containing the data in MATLAB's (Mat-labs) working directory [2]. Then execute the Description_Name (description-underscore-name) function to add descriptive names to the folders for each sequence [3] and add a Description Name to each image sequence folder [4]. Authors: Please confirm that the pronunciation guide (red italics font) for Description_Name is correct.
2.2.1. SCREEN: To be uploaded by Authors: Copying DICOM data to a working directory.
2.2.2. SCREEN: To be uploaded by Authors: Directory containing the data in MATLAB's working directory is selected.
2.2.3. SCREEN: To be uploaded by Authors: Executing Description_Name function.
2.2.4. SCREEN: To be uploaded by Authors: Adding Description Name to each image sequence folder.

2.3. To check images of IDEAL, change the directory of different phase folders, including the in-phase, out-phase, water, and fat phases, which have been stored in separate folders for imaging purposes [1]. Execute the Slice_View (slice-underscore-view) function to view the impact sequences for each phase [2]. Authors: Please confirm that the pronunciation guide (red italics font) for Slice_View is correct.
2.3.1. SCREEN: To be uploaded by Authors: Changing the directory of different phases folders.
2.3.2. SCREEN: To be uploaded by Authors: Executing the Slice_View function.

2.4. Next, use the scroll bar at the bottom of the GUI (G-U-I) to quickly browse the different sequences [1]. Select the MRI (M-R-I)-IDEAL out-phase sequence to provide clear depictions of liver tissue boundaries [2].
2.4.1. SCREEN: To be uploaded by Authors: Using the scroll bar to browse through the different sequences.
2.4.2. SCREEN: To be uploaded by Authors: Selecting MRI-IDEAL out-phase sequence and providing liver tissue boundaries.

Extraction of 3D Region of the Liver

2.5. Initiate the MIMICS (mim-iks) software [1], select New Project, and in the ensuing dialog box, navigate to the folder containing the IDEAL out-phase images [2]. Proceed by clicking "NEXT" followed by the "Convert" button to enter into the sequence-editing state [3]. Authors: Please confirm that the pronunciation guide (red italics font) for MIMICS is correct.
2.5.1. Talent clicking on the MIMICS software icon with monitor/screen visible in the frame.
2.5.2. SCREEN: To be uploaded by Authors: Selecting New Project and from the resultant dialogue box navigating to the folder containing the IDEAL out-phase images.
2.5.3. SCREEN: To be uploaded by Authors: NEXT" followed by the "Convert" button being clicked.

2.6. To create an empty Mask, from the MASK dialog box located on the right-hand side, click on the New button and select the maximum threshold [1]. Using the Edit Masks tool located beneath the Segment label, delimit the area of the liver in all horizontal views [2].
2.6.1. SCREEN: To be uploaded by Authors: From the MASK dialog box, the New button is clicked, and the maximum threshold is selected. 
2.6.2. SCREEN: To be uploaded by Authors: Using the Edit Masks tool located beneath the Segment label, delimit the area of the liver in all horizontal views.

2.7. To generate the 3D spatial part of the liver, select the outlined liver mask and click on the Calculate Part from Mask button [1]. Next, click on File, then Export, and select the Dicom (di-com) command [2].
2.7.1. SCREEN: To be uploaded by Authors: Selecting outlined liver mask and clicking on the Calculate Part from Mask button.
2.7.2. SCREEN: To be uploaded by Authors: Clicking on File, then Export and selecting the Dicom command.

2.8. [bookmark: OLE_LINK7]In the popup dialog box, choose the liver mask, set the file path and files' names, and click the OK button to complete the export of the 3D region of the liver to the specified DICOM files [1].
2.8.1. SCREEN: To be uploaded by Authors: From the popup dialog box, choosing the liver mask, setting the file path and files' names, and clicking the OK button.

3. Video 2: Liver Stiffness Map Sequence, 3D-Volume of Liver Stiffness Distribution (LSD) and Quantitative Analysis  
Demonstrator: Click here to enter name of demonstrator(s)
Protocol
3.1. Begin by changing the directory to the folder of 'SE27_ST8K_(Pa), (S-E-twenty-seven_underscore_S-T-eight-K-underscore-P-A), which contains the liver stiffness map sequence [1]. To browse through each stiffness map, execute the MRE_show (M-R-E-underscore-show) function in Matlab's workspace, using the filename located in the specified path as the function's argument [2-TXT]. Authors: Please confirm that the pronunciation guides (red italics fonts) for 'SE27_ST8K_(Pa) and MRE_show are correct. 
3.1.1. WIDE: Talent changing the directory to the folder of 'SE27_ST8K_(Pa) with monitor/screen visible in the frame. 
3.1.2. SCREEN: To be uploaded by Authors: Executing the MRE_show function in Matlab's workspace to browse the stiffness map. TXT: MRE: Magnetic Resonance Elastography

3.2. Next, view the liver stiffness map in an RGB (R-G-B) true-color image, with a data structure of 512 by 512 pixels by 3 matrix, with each pixel encompassing three values depicting the three primary colors RBG [1].
3.2.1. SCREEN: To be uploaded by Authors: Shot of liver stiffness map in an RGB color image with 512 by 512 pixels by 3 matrix.

3.3. Observe the color bar on the left, which provides information on the corresponding stiffness values of different colored pixels [1], and calculate the exact stiffness for each pixel using their respective correlations [2].
3.3.1. SCREEN: To be uploaded by Authors: Shot of color bar showing information on the corresponding stiffness values of different colored pixels.
3.3.2. SCREEN: To be uploaded by Authors: Calculating the exact stiffness for each pixel using their respective correlations.

3.4. Next, using the sequence description, scan position, time, patient information, and image parameters, establish the spatial relationship between MRE (M-R-E) and IDEAL sequences [1].
3.4.1. SCREEN: To be uploaded by Authors: Establishing the spatial relationship between MRE and IDEAL sequences.

[bookmark: _Hlk127903608]3D-Volume of Liver Stiffness Distribution

3.5. To obtain the 3D (three-D)-volume of liver stiffness distribution, invoke the LSD_Slice (L-S-D-underscore-slice) function with the 3D liver region and the Liver stiffness map as input parameters [1]. Then, drag the scroll bar below the GUI to view the stiffness map of each layer of the liver [2].
3.5.1. SCREEN: To be uploaded by Authors: Invoking the LSD_Slice function with the 3D liver region and the Liver stiffness map.
3.5.2. SCREEN: To be uploaded by Authors: Dragging the scroll bar below the GUI and viewing the stiffness map of each layer of the liver.

3.6. Next, execute the LSD_Volume (L-S-D-underscore-volume) function with the same input as LSD_Slice (L-S-D-underscore-slice) to obtain the spatial distribution of the 3D liver LSD [1] and holding down the left mouse button and dragging the screen, view the 3D-volume of LSD from any perspective [2].
3.6.1. SCREEN: To be uploaded by Authors: Executing the LSD_Volume function with the same input as LSD_Slice and shot of the spatial distribution of the 3D liver LSD.
3.6.2. SCREEN: To be uploaded by Authors: Scrolling and dragging the screen to show the 3D volume of LSD. 


LSD Quantitative Analysis  

3.7. Determine the numerical ranges of stiffness values for different stages of hepatic fibrosis [1]. Using the Hepatic_Fibrosis function with the 3D volume of LSD as the input parameter, calculate the distribution of the patient's entire liver voxels across different fibrosis stages [2].
3.7.1. SCREEN: To be uploaded by Authors: Calculating numerical ranges of stiffness values for different stages of hepatic fibrosis.
3.7.2. SCREEN: To be uploaded by Authors: Using Hepatic_Fibrosis function with the 3D volume of LSD, calculating the distribution of the patient's entire liver voxels across different fibrosis stages.

3.8. Then, calculate and compare the results between a completely healthy liver and the liver of a typical fibrosis patient [1].
3.8.1. SCREEN: To be uploaded by Authors: Comparing results between a healthy liver and the liver of a fibrosis patient.

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=19979683

Representative Results

3.9. Quantitative results of the patient's hepatic fibrosis indicate the proportion of the patient's liver in different stages of hepatic fibrosis [1].
3.9.1. LAB MEDIA: Figure 8

3.10. Comparison of LSD [1] fully reflects the degree of hepatic fibrosis in the patient [2] compared to a healthy liver [3].
3.10.1. LAB MEDIA: Figure 9
3.10.2. LAB MEDIA: Figure 9 Video Editor: Please emphasize ‘orange’ bars
3.10.3. LAB MEDIA: Figure 9 Video Editor: Please emphasize ‘blue’ bars
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