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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.  
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?  Enter Yes or No.
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?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

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. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

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: 28
Number of Shots: 42

Interviews
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.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. 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 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. 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 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. 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 20 or fewer words.


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

Ethics Title Card
Scriptwriter: If an ethics card is required, please remove the statement that does not apply before sending the draft script. Delete the entire section if there are no animal or human subjects requiring an ethics statement. 
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at (insert Institutional Name)	Comment by Vipasha Sharma: Author: Please provide ethical statement in this format.
OR
This research has been approved by the Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· 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.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2.  Inertial Motion Capture Preparation
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. Begin by preparing the participant for multimodal acquisition [1]. Measure and enter the participant’s anthropometric characteristics requested by the kinematic acquisition software to generate a participant-specific biomechanical model [2].
2.1.1. WIDE: Participant and the multimodal acquisition systems arranged in the experimental area.
2.1.2. Talent measuring the participant’s anthropometric characteristics and entering them into the kinematic acquisition software.

2.2. Position the 11 inertial measurement units according to the manufacturer’s guidelines [1]. Perform the static and dynamic calibration procedures as per the manufacturer’s instructions[2].
2.2.1. Talent positioning the 11 inertial measurement units according to the manufacturer’s guidelines.
2.2.2. Talent performing the static and dynamic calibration procedures.
 
2.3. Inspect the reconstructed biomechanical model and verify that all body segments are tracked accurately [1].
2.3.1. SCREEN: Reconstructed biomechanical model being inspected and accurate tracking of all body segments being verified.
Authors: Please create a screen capture video of the shots labelled SCREEN and upload them onto your project page:  https://review.jove.com/account/file-uploader?src=22415718 

3. High-Density EMG Preparation
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Shave excess hair and clean the skin over each recording site using abrasive paste and alcohol wipes [1].
3.1.1. Talent shaving excess hair and cleaning each recording site with abrasive paste and alcohol wipes.

3.2. Place high-density electrode grids over the right anterior deltoid, middle deltoid, pectoralis major, biceps brachii, triceps brachii, flexor carpi ulnaris, and extensor carpi radialis [1]. Secure each electrode grid using adhesive interfaces and verify stable skin contact [2].
3.2.1. Talent placing high-density electrode grids over the specified right upper-limb and trunk muscles.
3.2.2. Talent securing each electrode grid with adhesive interfaces and verifying stable skin contact.

3.3. Place reference and ground electrodes over electrically neutral anatomical locations, such as the wrist, elbow, and ankle [1].
3.3.1. Talent placing reference and ground electrodes over electrically neutral anatomical locations.

3.4. Inspect all recording channels in the acquisition software and verify signal quality during brief voluntary contractions by the participant [1]. Replace or reposition electrode grids exhibiting excessive noise, signal loss, or poor skin contact [2].
3.4.1. SCREEN: Recording channels being inspected during brief voluntary contractions and signal quality being verified.
3.4.2. Talent replacing or repositioning an electrode grid with inadequate signal quality or skin contact.

4. Hand Motion Capture Preparation
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Select the appropriately sized inner glove for the participant’s hand [1]. Ask the participant to put on the outer sensorized glove, then securely attach the corresponding sensor to each finger [2].
4.1.1. Talent selecting an appropriately sized inner glove.
4.1.2. Talent assisting the participant with the outer sensorized glove and attaching the corresponding sensor to each finger.

4.2. Insert the hand sensors into their designated mounting slots on the glove [1]. Insert the battery into the glove chassis and power on the device [2]. Run the guided calibration for both hands from the dedicated calibration page in the software [3].
4.2.1. Talent inserting the hand sensors into the designated glove mounting slots.
4.2.2. Talent inserting the battery into the glove chassis and powering on the device.
4.2.3. SCREEN: Guided calibration being run for both hands from the dedicated calibration page.

5. Wireless EMG Preparation
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. Shave excess hair and clean the skin over each wireless electromyography recording site using abrasive paste and alcohol wipes [1]. Place bipolar surface electrodes according to the SENIAM guidelines on the right latissimus dorsi, upper trapezius, middle trapezius, lower trapezius, and posterior deltoid muscles [2].
5.1.1. Talent shaving excess hair and cleaning each wireless electromyography recording site.
5.1.2. Talent placing bipolar surface electrodes over the specified muscles according to the SENIAM guidelines.

5.2. Inspect each electromyographic signal and verify signal quality during brief voluntary contractions [1]. Reposition electrodes exhibiting motion artifacts, baseline instability, or low signal amplitude [2].
5.2.1. SCREEN: Electromyographic signals being inspected during brief voluntary contractions.
5.2.2. Talent repositioning an electrode exhibiting inadequate signal quality.

6. High-Density EEG Preparation
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. Identify the nasion, inion, and left and right preauricular landmarks [1]. Position the 64-channel electroencephalography cap on the participant’s head using the identified anatomical landmarks to ensure correct alignment [2].
6.1.1. Talent identifying the nasion, inion, and left and right preauricular landmarks.
6.1.2. Talent positioning the 64-channel electroencephalography cap using the identified anatomical landmarks.

6.2. Inject abrasive and conductive gel into each electrode site to improve electrode-scalp contact [1]. Measure electrode impedance and reduce all impedance values below 10 kiloohms [2]. Reapply conductive gel and gently adjust electrode positions when impedance exceeds 10 kiloohms or channels exhibit excessive noise [3].
6.2.1. Talent applying abrasive and conductive gel to the electrode sites.
6.2.2. SCREEN: Electrode impedance being measured and verified below 10 kiloohms.
6.2.3. Talent reapplying conductive gel and adjusting an electrode position when required.

6.3. Inspect all electroencephalography channels and verify signal quality before proceeding with the experimental protocol [1].
6.3.1. SCREEN: Electroencephalography channels being inspected and signal quality being verified.

7. Participant and GRRAASP Positioning
Demonstrator: Click here to enter name of demonstrator(s) 

7.1. Position the participant seated in front of the GRRAASP setup at a distance approximately equal to the length of the fully extended right upper limb, measured from the right shoulder to the central body of the GRRAASP setup [1].
7.1.1. Talent positioning the seated participant at the specified distance from the GRRAASP setup.

7.2. Adjust the two upper lateral arms to the level of the participant’s shoulders and orient them in the horizontal plane at approximately 30 degrees to the left and right of the sagittal plane passing through the right shoulder [1]. Position the corresponding platforms so they can be reached with the right upper limb almost fully extended [2].
7.2.1. Talent adjusting the 2 upper lateral arms to shoulder level and approximately 30 degrees to either side of the sagittal plane.
7.2.2. Talent positioning the corresponding platforms for near-full right upper-limb extension.

7.3. Position the central arm so that grasping an object on the corresponding plate is performed with the right elbow at 90 degrees [1].
7.3.1. Talent adjusting the central arm while the participant assumes a 90-degree right-elbow position.

7.4. Position the two lower lateral arms at the height of the central arm and orient them like the upper lateral arms, with the plates reachable at near-full extension and approximately 30 degrees to either side of the sagittal plane passing through the right shoulder [1].
7.4.1. Talent positioning and orienting the 2 lower lateral arms according to the specified configuration.

8. Object Configuration and Multimodal Acquisition
Demonstrator: Click here to enter name of demonstrator(s) 

8.1. Connect the GRRAASP platform to a power supply providing 24 volts and 2 amperes and switch on the power supply [1].
8.1.1. Talent connecting the GRRAASP platform to the power supply and switching it on.

8.2. Open the provided graphical programming code and its graphical user interface [1]. Set the path for saving the system logs [2]. Set the sequence of target positions for the reach-grasp-transport task [3].
8.2.1. SCREEN: Graphical programming code being opened and the graphical user interface being launched.
8.2.2. SCREEN: Path for saving the system logs being set.
8.2.3. SCREEN: Sequence of target positions for the reach-grasp-transport task being configured.

8.3. In the VISA Configure Serial Port block, verify that the selected communications port corresponds to the cable providing the transistor-transistor logic trigger to the electroencephalography system [1].
8.3.1. SCREEN: VISA Configure Serial Port block being opened and the communications port for the electroencephalography trigger cable being verified.

8.4. Place the 2 objects, either the cylinder and key or the power and tripod, on the plates according to the sequence indicated in the dedicated LabVIEW tab [1]. Alternate the order of the 2 fixed object pairs across participants as specified [2].
8.4.1. Talent placing the specified pair of objects on the plates according to the indicated sequence.
8.4.2. SCREEN: Object-pair order being verified according to the participant sequence.

8.5. Immediately before each acquisition, visually inspect electrode and channel quality on the acquisition software live displays and continue monitoring throughout the recording [1]. Manually start data acquisition in the electroencephalography and high-density electromyography systems [2].
8.5.1. SCREEN: Electrode and channel quality being inspected on the live acquisition displays and monitored during recording.
8.5.2. SCREEN: Data acquisition being manually started in the electroencephalography and high-density electromyography systems.

8.6. Instruct the participant to start the acquisition by pressing the resting-position push button [1].
8.6.1. Talent instructing the participant to press the resting-position push button to start the acquisition.

8.7. Following multimodal acquisition, characterize muscular effort and mean power using the synchronized electromyographic recordings [1].
8.7.1. SCREEN: Synchronized kinematic, EMG, EEG, and GRRAASP log data being reviewed in the analysis environment.

Authors: Step 8.7 has been added to better connect the Protocol with the Results section.







Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 74
· Please note that the video cannot include voiceover without an accompanying visual.

9. Results 

9.1. Integrated electromyography showed the highest activation levels in the upper trapezius [1], anterior deltoid [2], and middle deltoid [3].
9.1.1. LAB MEDIA: Figure 8. Video editor: Please highlight the “Upper trapezius” distribution.
9.1.2. LAB MEDIA: Figure 8. Video editor: Please highlight the “Anterior deltoid” distribution. 
9.1.3. LAB MEDIA: Figure 8. Video editor: Please highlight the “Middle deltoid” distribution. 
9.2. The extensor carpi radialis showed higher and more widespread activation [1] than the flexor carpi radialis [2].
9.2.1. LAB MEDIA: Figure 8. Video editor: Please highlight the “Extensor carpi radialis” distribution.
9.2.2. LAB MEDIA: Figure 8. Video editor: Please highlight the “Flexor carpi radialis” distribution.
9.3. Electromyography mean power was highest in the upper trapezius [1] and deltoid muscles [2], whereas upper-arm muscles showed lower electromyography mean power, indicating lower average activation intensity despite sustained activity during movement and grasp [3].
9.3.1. LAB MEDIA: Figure 10. Video editor: Please highlight the “Upper trapezius” distribution.
9.3.2. LAB MEDIA: Figure 10. Video editor: Please highlight the “Anterior deltoid” and “Middle deltoid” distribution.
9.3.3. LAB MEDIA: Figure 10. Video editor: Please highlight the “Biceps” and “Triceps” distributions.
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