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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://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?   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:  28 (26 SC) 

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

Ethics Title Card

This research has been approved by the Ethics Committee of Dongzhimen Hospital, affiliated with the Beijing University of Chinese Medicine 

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 50 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. Baixin Wang: Our research explores non-invasive pulmonary nodule assessment through multifractal spectrum analysis of CT images. We aim to answer whether multifractal characteristics can reliably differentiate between benign and malignant nodules, potentially reducing the need for invasive diagnostic procedures. 

What are the most recent developments in your field of research?
1.2. Baixin Wang: Recent advances include AI-based radiomics approaches for nodule characterization, but these typically focus on either pathological images or morphological analysis alone. Our multifractal spectrum analysis bridges imaging and pathological findings.
What technologies are currently used to advance research in your field?
1.3. Baixin Wang: Key technologies include high-resolution CT imaging, 3D volume reconstruction, advanced image processing algorithms, machine learning for nodule classification, and quantitative analysis tools integrating radiomics with clinical data.
What are the current experimental challenges?
1.4. Baixin Wang: Major challenges include standardizing data acquisition across different CT devices, establishing precise diagnostic criteria, and developing automated ROI selection methods while maintaining accuracy in nodule characterization.

What significant findings have you established in your field?
1.5. Baixin Wang: We demonstrated that pulmonary nodules exhibit distinct multifractal spectra at different stages, with late-stage nodules showing wider scale ranges and higher extreme points, enabling quantitative differentiation of malignancy.

What research gap are you addressing with your protocol?
1.6. Baixin Wang: Our protocol addresses the limitation of traditional single-scale fractal analysis by introducing multifractal spectrum analysis, providing comprehensive characterization of nodule complexity across multiple scales.

What advantage does your protocol offer compared to other techniques?
1.7. Baixin Wang: Our protocol offers non-invasive, quantitative assessment of nodule malignancy through simultaneous analysis of morphological characteristics and tissue heterogeneity, reducing reliance on invasive biopsies.
How will your findings advance research in your field?
1.8. Baixin Wang: These findings enable more precise staging of pulmonary nodules and early detection of malignancy, potentially improving clinical decision-making and patient outcomes in pulmonary oncology.
What new scientific questions have your results paved the way for?
1.9. Baixin Wang: Our results open questions about relationships between multifractal characteristics and tumor progression, integration with AI models, and development of standardized diagnostic parameters across nodule types.
What research questions will your laboratory focus on in the future?
1.10. Baixin Wang: Future focus includes expanding analysis to various nodule types, developing multi-dimensional fractal spectra with larger samples, and integrating our approach with existing AI and radiomics frameworks.


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. 
· Limit the length of each statement to 50 words or fewer.


What motivated you to choose JoVE for publishing 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.
How does the research community benefit from video publications as compared to standard text publications?
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 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 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.
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: Quantitative Evaluation of Pulmonary Nodules Using Multifractal Spectrum Analysis for Improved Lung Cancer Diagnosis
Demonstrator: Click here to enter name of demonstrator(s)
Ethics Title Card
Ethics Committee of Dongzhimen Hospital, affiliated with the Beijing University of Chinese Medicine approved the study and informed consent was obtained from the patients 
Protocol
2.1. To begin, obtain the patient's Computed tomography or CT scan data as DICOM files [1]
2.1.1. WIDE: Talent taking a seat at the computer table. Videographer: In addition to this video shot, please also take a photograph 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. Generate a 3D volume matrix from the DICOM files in MATLAB [1]. 
2.2.1. SCREEN: MATLAB code being typed and executed to generate the matrix.

[bookmark: _Hlk162020732][bookmark: _Hlk162020892]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=20736998 

2.3. Visualize the image sequence using MATLAB's sliceViewer function [1]. Adjust the display properties to use a gray colormap and activate the toolbar for further interactions [2].
2.3.1. SCREEN: MATLAB figure window with sliceViewer displaying the 3D image sequence. 
2.3.2. SCREEN: The colormap being set to gray and activating the toolbar.

2.4. Use the scroll bar at the bottom of the graphical user interface to browse through different slices in the CT sequence [1]. Identify the presence of malignant pulmonary nodules in the lungs at the appropriate frame [2].
2.4.1. SCREEN: sliceViewer GUI with the scroll bar in use to browse.
2.4.2. SCREEN: Cursor hovering over or Highlighting frame 325 with the pulmonary nodule circled.

2.5. Locate and use the icons for zooming in, zooming out, and returning to the global view [1]. Activate the Data Tip icon to mark the pixel coordinates of the selected region [2]. Use the Zoom function to observe local features of the lesions and surrounding tissues [3].
2.5.1. SCREEN: Highlighted zoom, unzoom, and reset view icons in the GUI.
2.5.2. SCREEN: Data Tip icon used to mark specific pixel coordinates on the lesion.
2.5.3. SCREEN: Using Zoom function, Zoomed-in view of the lesion and adjacent tissues, showing detailed relationships.

2.6. Right-click the Color Bar to use the common gray colormap and select the appropriate option [1]. Reset the graphical user interface for uniform visualization [2].
2.6.1. SCREEN: Right-click pop-up menu from the color bar showing the option to select the gray colormap.
2.6.2. SCREEN: GUI reset with the gray colormap applied uniformly.

2.7. If the filter effect is not satisfactory, use the left mouse button to drag up and down in the middle of the figure to adjust the window level [1]. Drag left and right to adjust the window width, and the corresponding accurate filtering range will be displayed on the color bar [2].
2.7.1. SCREEN: Dragging vertically on the figure to adjust window level, with the change reflected in the visualization.
2.7.2. SCREEN: Dragging horizontally on the figure to adjust window width, showing corresponding updates on the color bar.

Local 3D Matrix Visualization of Pulmonary Nodule Lesions

2.8. To identify the pixel coordinates of the nodule, navigate to the slice containing the nodule at frame 325 [1]. Activate the Data Tip icon in the upper-right corner [2], then click to mark the edges of the nodule [3]. Note the X and Y coordinates displayed in the Data Tip pop-up [4].
2.8.1. SCREEN: sliceViewer GUI with frame 325 displayed, highlighting the pulmonary nodule.
2.8.2. SCREEN: Data Tip icon activated in the upper-right corner of the GUI.
2.8.3. SCREEN: Marking edges of the nodule.
2.8.4. SCREEN: Data Tip pop-ups showing the respective X and Y coordinates.

2.9. Based on the coordinates obtained, define the region of interest or ROI in the MATLAB command window [1].
2.9.1. SCREEN: Defining ROI in MATLAB command window displaying the entered command.

2.10. Now, use the MATLAB command to create a 3D surface plot [1]. Observe the 3D grayscale intensity of the pulmonary nodule [2].
2.10.1. SCREEN: MATLAB command window with command being entered
2.10.2. SCREEN: MATLAB figure window displaying the 3D surface plot of the pulmonary nodule.

2.11. Locate and use the zooming, unzooming, rotating, and Restore View tools for a detailed inspection [1].
2.11.1. SCREEN: GUI with tools being used for zooming in, zooming out, rotating, and restoring the view.
Calculating the Multifractal Spectrum of Pulmonary Nodule
2.12. Call the function Pix_size, fractal_dimension = PN_fractal_feature(M) (pix size, fractal dimension equals PN fractal feature) with the previously obtained M matrix as input [1]. This will calculate the fractal dimensions at different scales [2].
2.12.1. SCREEN: MATLAB command window with the command being entered
2.12.2. SCREEN: Cursor hovering over the output of Pix_size and fractal_dimension values in the MATLAB command window.

2.13. Visualize the Multifractal Spectrum of the pulmonary nodule using the code [1].
2.13.1. SCREEN: MATLAB command window with the entered code for visualization. 

2.14. Calculate the multifractal spectrum for another benign pulmonary nodule using the same steps [1]. Plot the results in the same coordinate system using a different color for comparison [2], generating the multifractal spectrum comparison between different pulmonary nodules [3].
2.14.1. SCREEN: multifractal spectrum for another benign pulmonary nodule being displayed.
2.14.2. SCREEN: Plotting the results in the same coordinate system using a different color for comparison.
2.14.3. LAB MEDIA: Figure 5 

2.15. Finally, use the Data Tip tool to mark the coordinates of key extrema points for precise comparison of different benign and malignant pulmonary nodules [1].
2.15.1. SCREEN: Data Tip tool being activated. Key extrema points being marked with their corresponding coordinates displayed in pop-ups.
Representative Results
2.16. The fractal dimension of malignant nodules displayed a multifractal spectrum with higher extreme points and broader scale ranges compared to benign nodules [1].
2.16.1. LAB MEDIA: Figure 4. Video editor: Highlight the 2 peaks on the right end at X=28 and X=32.

2.17. Early-stage lung adenocarcinoma nodules exhibited a narrower fractal scale range [1] and lower extreme points in the multifractal spectrum than late-stage nodules [2].
2.17.1. LAB MEDIA: Figure 5 Video editor: Mark the green data lines “benign”
2.17.2. LAB MEDIA: Figure 5 Video editor: Mark the orange data lines for “malignant”
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