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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  

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


4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. NO  


Current Protocol Length
Number of Steps: 11
Number of Shots: 25 (11 SC) 

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

INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Ze-Jian Chen: We investigate the feasibility of a programmable soft pneumatic robot in modulating brain network dynamics in people who have had a stroke.
1.1.1. [bookmark: _Hlk194676695]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1

What technologies are currently used to advance research in your field?
1.2. Ze-Jian Chen: Diverse modes of human-robot interaction and fNIRS-based graph theory analysis are used.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.1

CONCLUSION:

What significant findings have you established in your field?
1.3. Ze-Jian Chen: Soft robotic therapy effectively modulates the topological organization of distributed brain networks in clustering coefficient, average path length, and global efficiency.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1


How will your findings advance research in your field?
1.4. Ze-Jian Chen: These results underscore the potential of tailoring soft robotic interventions to enhance neural connectivity and facilitate brain network reorganization in stroke rehabilitation.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1

What questions will future research focus on?
1.5. Ze-Jian Chen: Refine robotic-assisted rehabilitation interventions, enhancing functional outcomes for stroke survivors. This should integrate advanced neuroimaging and computational techniques to tailor interventions to patients' neurophysiological profiles.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.2.1



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


Ethics Title Card
This research has been approved by the Ethics Committee of the Tongji Hospital


Protocol  
2. Preparation of Soft Pneumatic Robotic System and Functional Near-Infrared Spectroscopy (fNIRS) System
Demonstrator: Jia-Hui Bian

2.1. To begin, turn on the robotic system [1] and connect the two air pump power cables to the power outlet and the soft pneumatic glove [2].
2.1.1. Talent turning on the robotic system.
2.1.2. Talent plugging the two air pump power cables into the power outlet and then into the soft pneumatic glove.

2.2. Assist the participant in wearing the soft pneumatic robot on the affected hand, ensuring a secure fit around the palm and fingers [1]. Fasten the robot using the Velcro strap, positioning it securely from the dorsal side of the thumb to the thenar eminence on the palmar side [2].
2.2.1. Talent helping the participant wear the soft pneumatic robot and adjusting it to fit snugly around the palm and fingers.
2.2.2. Talent fastening the Velcro strap and aligning it from the dorsal side of the thumb to the thenar eminence.

2.3. Now, select the appropriate inflation-deflation mode on the control interface [1]. Confirm the parameter settings without causing discomfort to the participant [2].
2.3.1. SCREEN: Show the mode selection interface and click to choose between Slow Mode or Fast Mode.
2.3.2. SCREEN: Display confirmation of parameter settings with action time and interaction duration, ensuring participant comfort.
[bookmark: _Hlk162020732][bookmark: _Hlk203170338]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=20919388 


2.4. Use the continuous wave functional near-infrared spectroscopy system to record data from all participants [1]. Emit near-infrared light at wavelengths of 690 nanometers and 830 nanometers to penetrate 2 to 3 centimeters beneath the cerebral cortex, with a sampling frequency of 100 Hertz [2].
2.4.1. Talent operating the functional near-infrared spectroscopy system for data collection.
2.4.2. SCREEN: Setting the parameters for emission, penetration and frequency.

2.5. Now, select an appropriately sized functional near-infrared spectroscopy cap [1]. Position the sensor number label slightly above the center of the forehead and align the FPZ and CZ optodes of the 10-20 (ten-twenty) electroencephalography or EEG system [2]. Secure the detectors and light sources using a flexible headband to ensure optimal contact with the skin [3].
2.5.1. Talent picking up a properly sized fNIRS cap from the available options.
2.5.2. Talent placing the cap on the participant and aligning the labeled sensors to the correct positions.
2.5.3. Talent securing the headband and adjusting the sensors and light sources for optimal contact.

2.6. Instruct the participant to remain in a quiet, relaxed state with their head still and eyes open during data collection [1].
2.6.1. Talent giving instructions to the participant to stay still and relaxed with eyes open.

2.7. Before starting formal data collection, instruct the participant to rest quietly for 2 minutes without falling asleep [1].
2.7.1. Talent setting a timer and guiding the participant to remain quietly at rest.




3. Data Acquisition

3.1. Select the experimental protocol from the software interface on the computer connected to the functional near-infrared spectroscopy system [1]. Perform signal calibration to minimize light leakage, targeting a signal strength of 75 percent or higher with minimal noise [2]. If calibration fails, adjust the placement of the sensor and perform the calibration again [3]. The optode sensors contain light-emitting diodes and photodetectors designed to emit and detect near-infrared light at specific wavelengths [4].
3.1.1. SCREEN: Display the software interface and select the desired experimental protocol from the protocol list.
3.1.2. SCREEN: Navigate to the signal calibration panel and show adjustments made to reach ≥75% signal strength with low noise.
3.1.3. Talent adjusting the placement of the optode sensor on the participant’s scalp and reinitiating calibration from the software.
3.1.4. Talent pointing to the optode sensor highlighting the light-emitting diode and photodetector.

3.2. From the software interface, start cerebral cortex data recording while instructing the participant to stay relaxed and avoid moving their head [1]. Begin the experimental task following the randomized sequence and continuously collect data on cerebral oxygenation and hemodynamics [2]. Once the task is completed, stop the data acquisition and securely save the recorded experimental data [3].
3.2.1. SCREEN: Click on Start Recording and show participant instructions for remaining relaxed and still.
3.2.2. SCREEN: Show initiation of the randomized task sequence and continuous real-time recording of cerebral oxygenation data.
3.2.3. SCREEN: Click on Stop Recording, then show saving of the dataset into the project folder with confirmation.

3.3. Then, create three-dimensional brain activation maps by visualizing the changes in oxyhemoglobin concentration across brain regions [1]. Use anatomical landmarks and the international 10-20 system to project the functional near-infrared spectroscopy channels onto the corresponding brain areas [2].
3.3.1. SCREEN: Display the generated 3D brain activation map showing changes in oxyhemoglobin concentration.
3.3.2. SCREEN: Overlay the fNIRS channels onto brain regions using anatomical landmarks and the 10-20 system.

3.4. Finally, extract graph theory metrics including clustering coefficient, average path length, small-world index, global efficiency, degree centrality, and eigenvector centrality from the functional connectivity matrices derived from functional near-infrared spectroscopy data [1].
3.4.1. SCREEN: Display the graph theory analysis interface and hover the cursor over computed metrics extracted from functional connectivity matrices.

Results
4. Results 

4.1. A total of 10 individuals with stroke were enrolled in the study and underwent resting-state assessment, slow-mode robotic therapy, and fast-mode robotic therapy in a randomized order [1]. 
4.1.1. LAB MEDIA: Figure 2 A, B. 

4.2. Following interaction with the soft pneumatic robot, significant improvements were observed in clustering coefficient [2], average path length [3], and global efficiency [4], while small-worldness index, degree centrality, and eigenvector centrality did not change significantly [5].

4.2.1. LAB MEDIA: Figure 3A. Video editor: Highlight the bar labelled “C” 
4.2.2. LAB MEDIA: Figure 3B. Video editor: Highlight the bar labelled “C”
4.2.3. LAB MEDIA: Figure 3D. Video editor: Highlight the bar labelled “C”
4.2.4. LAB MEDIA: Figure 3C, 3E, and 3F. 


[bookmark: _Hlk210168181]NOTE to Authors for screen recording: 
1. It's better if you upload each screen recording after naming each file according to the corresponding shot number (3-digit bullet, e.g, 2.2.1.mp4, 2.1.3.mp4, etc). 
Each clip’s duration should be less than 25 seconds. 

2. But if you prefer to record all the steps together and upload a single screen capture file, that is okay.
In this case, you need to indicate the corresponding timestamp against each shot.
For example if the action described in shot 2.1.2 is present in the file name xxx.mp4 and is in between timestamp 00:30 to 00:45 then write as following in script above (shown in red font below). 
Example, shot 2.1.2 SCREEN: performing ........... action.   xxx.mp4 00:30-00:45.
               2.2.2 SCREEN: clicking on.................button... xxx.mp4 01:00-01:25

Please note that every shot (3-digit step) should have the best corresponding video clip of only 20 to 25 seconds and not more than that, so that the voice narration can match the duration.

If a particular shot takes minutes to complete, we can choose timestamps at the beginning and end of the process so that the total time is again within the 25-second limit.
Example: 3.1.1 SCREEN: Clicking on the 'analyze and plot' button, analysis in progress and the graph being plotted.  xxx.mp4 00:00-00:10 and 02:30-02:40
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