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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)   N
Can you record movies/images using your own microscope camera? (Y/N) N/A
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.

2.2/2.3 (connections through penetration panel)
2.6 (mounting of device to MR table, protecting from being knocked over by patient)
2.8 (secure device at comfortable position for patient)
2.10/2.11 (dynamometer function to set patient maximum force level)
3.5 (visual metronome display and subject gripping/releasing in synchrony)

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
3.1 Ensure proper securing/fixation of the subject’s head to avoid head motion imaging artifacts  

5. Will the filming need to take place in multiple locations? (Y/N) YN – MR room and conference room at MGH Charlestown Navy Yard – same building, different floors
If yes, how far apart are the locations? 

Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

· The total introduction length (i.e., Required and Optional Interview Statements) cannot exceed 150 words. 
· Restrict the length of each statement to no more than 30 words.
· Please answer the questions below in full sentences to highlight the significance of your protocol. You will be expected to memorize and deliver these sentences as spoken interview statements during filming. 
· Indicate the full name of each author who will give each statement. If only one author is giving the REQUIRED statements, the same author may speak both statements.

Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Author NameDr. Shasha Li: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).  This protocol is significant because it can be used to monitor the rehabilitation of patients’ with hand grip deficits.


What is the main advantage of this technique?

1.2. Author NameDr. A. Aria Tzika: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera) MR imaging allows monitoring of the adaptability, in other words, neuroplasticity of the brain, resulting from rehabilitation, rather than simply monitoring grip performance.


OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

· The following OPTIONAL questions may be answered to provide additional introductory information about your protocol. 
· These OPTIONAL statements must be spoken by different authors than those who gave the Required Interview Statements.
· The length of each OPTIONAL statement is restricted to no more than 30 words and contributes to the total introduction length, which cannot exceed 150 words. 
· Indicate the full name of each author who will give each OPTIONAL statement. 

Do the implications of this technique extend toward the therapy (or diagnosis) of a particular disease, disability, or challenge? How so?

1.3. Author NameDr. A. Aria Tzika: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera).  This approach is currently used for chronic stroke patients, however, it can in principle be applied to other neurological diseases involving motor deficits.

Are there any specific areas of research that this method could provide insight into? 

Neuroplasticity – the ability of the brain to adapt and recover through rehabilitation

Can this method be applied to any other systems?

1.4. Author NameDr. Mark P. Ottensmeyer: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)

It can be applied to deficits of other body motions with suitable modifications to the hardware of the force stimulus device.  This device and any modifications must retain MR-compatibility.

How would you expect an individual who has never performed this technique to struggle? 

No – following the standard operating procedure generally results in no problems to the experimenter

Do you have any advice to offer to somebody who is trying this technique for the first time?

1.5. Author NameDr. Mark P. Ottensmeyer: ___________ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)  Ensure that the MR-CHIROD has been properly connected and functions verified before bringing a patient into the MR room.


Why is visual demonstration of this method critical?

1.6. Author NameDr. A. Aria Tzika: ___________(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)  The procedure is more easily followed when observing the process on video over reading a standard operating procedure.


Introduction of Demonstrator: (Said by you on camera)

· Please use this statement ONLY if any of the individuals who will be demonstrating the procedure on camera have not given a required or optional Introduction interview statement already.
· Include the full name(s) of the person(s) demonstrating the experiment followed by their title (e.g., technician, post doc, grad student, clinician, etc.) 
· Also indicate the full name of the author who will introduce the demonstrator(s). 

1.7. Author NameDr. A. Aria Tzika: Demonstrating the procedure will be _Mr. Christian Pusatere________ (name of the person or persons), a _technician________ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.7.1. Interview style: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.






Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.8. Procedures involving human subjects have been approved by the Partners Healthcare Institutional Review Board (IRB) or equivalent body at (insert Institutional Name)Massachusetts General Hospital.


Section - Protocol
· Read through the entire protocol carefully to understand what you will need on the filming day and prepare accordingly. 
· The two-digit numbers (e.g. 2.1., 2.2.) represent the “steps” of you protocol and will be read by a professional voiceover talent. 
· The three-digit numbers (e.g. 2.1.1., 2.2.2.) represent the “shots” that our videographer will capture at your lab. 
· To ensure that your protocol can be filmed in a single work day, the protocol is restricted to 30 steps and/or 60 shots.
· It is critical for a smooth and organized shoot that all materials and work spaces are prepared and labeled (if applicable) in advance.   
· Any specimens/samples that require long or overnight incubation steps should be prepared in advance. (i.e. day 0 sample preparation will be filmed on the day of the shoot; day 1 samples should be prepared the day before the shoot so their processing can be filmed on the day of the shoot/after their overnight culture/treatment/etc.) 
Note to videographer:  The MRI scanner is a very strong magnet that cannot be turned off.  To avoid serious damage and injury: Do not bring a camera or any other equipment into the MRI room. Follow directions of MRI staff at all times to determine a safe filming distance.
	Comment by Mark Ottensmeyer: The mock MR room is not currently available
2. Scanner Room Setup
2.1. Prior to starting the experiment, obtain informed consent from the subject and thoroughly screen them for MRI safety [1]. Do not proceed with the scan if the participant has any potential MRI contra-indications [2]. 
2.1.1. WIDE: Talent and the subject are sitting in a waiting area (or similar area outside the scanner).  Talent goes over the consent form/experiment with the subject.  
2.1.2. MED: Talent goes over the MRI safety checklist with the subject, confirming answers on the form. 
2.2. To set up, first bring the Magnetic Resonance-Compatible Hand Induced Robotic Device into the MRI room and place it near the penetration panel [1]. Then, insert the three eighths inch pneumatic tube into the pass-through tube in the panel into the adjacent MRI support room [2].
2.2.1. Talent brings the device through the doorway to the MRI room and places it near the penetration panel. 
2.2.2. Talent inserts the 3/8-inch pneumatic tube into the pass-through tube in the panel into the adjacent MRI support room.  (Videographer note – if this cannot be filmed from the MR door, film the tube being pushed through the pass through into the adjacent MRI support room. You may be able to get a shot through the pass through (these are often a tube through the wall).
2.3. Next, connect the force sensing and encoder cables to the 9-pin D-shaped connector on the MRI scanner room side of the panel (Authors, will this be filmable as it is within the MRI room?  No if in real MR suite – we are inquiring regarding access to a mock-MR room at the same facility – if this is available, then filming in the room would be possible.  May be a different penetration panel/connector setup) [1]. Also connect the support room force sensing and encoder cables to the DSUB (pronounce: d-sub) connector on the external side of the penetration panel [2].
2.3.1. Talent connects the MRI scanner room force sensing and encoder cables to the 9-pin D-shaped connector on the scanner room side. If this cannot be filmed in the room: show the force sensing and encoder cables that will be plugged in. 
2.4. Connect the 3/8-inch pneumatic tube fitting, emerging from the penetration panel pass-through to the outlet of the interface power unit pressure regulator outlet [1]. Then connect the 4-millimeter pneumatic tube to the outlet of the compressor and the inlet of the air filter on the interface power regulator [2].
2.4.1. Talent connects the 3/8-inch pneumatic tube fitting, emerging from the penetration panel pass-through to the outlet of the interface power unit. 
2.4.2. Talent connects the 4 mm pneumatic tube to the outlet of the compressor and the inlet of the air filter.
2.5. After extending and lowering the scanner bed, attach the bottom half of the head coil [1] and have the volunteer lay down, making sure that they are resting comfortably with their arms extended [2]. (Authors, do you place a cushion under the subject’s knees? - YES) 
2.5.1. Talent places the lower half of the head coil onto the bed and assures it is attached. 
2.5.2. Talent helps the subject lay down on the scanner bed, and they place their arms down by their side.  
2.6. Now loosely install the robotic device on the side of the patient opposite to their brain lesion using the corresponding bed-slot [1]. Then, with the volunteer’s elbow resting on the table to support their arm, move the device handle to the webbing between thumb and forefinger and help them grab the handles [2].
2.6.1. Talent loosely install the Robotic Device opposite to the brain lesion, using the bed slot. 
2.6.2. The volunteer’s elbow is resting on the table as talent helps them grab the handles.
2.7. If the device is on the opposite side of the table from the penetration panel, position the cables and the pneumatic tube so that they pass under the table rather than over the patient [1]. Authors, will the device be opposite the penetration panel when filming? If not, can you place it there temporarily so we have a visual of this, or provide an image of this set-up? – can be set up on either side at the convenience of filming – cable routing was included for completeness 
2.7.1. Talent positions the cables and the pneumatic tube so that they pass under the table.
2.8. Next, instruct the volunteer to squeeze and push or pull the device until they have the most comfortable position for squeezing [1]. Then, secure the device firmly in place by tightening the plastic nuts using an MR-compatible wrench [2].
2.8.1. Talent speaks to the subject, then they squeeze and push or pull the device until they have the most comfortable position. 
2.8.2. Talent secures the device firmly in place by tightening the plastic nuts using an MR-compatible wrench.
2.9. Now, run the custom user interface stimulus program.  Automatically set the pressure to the minimal setup level to push the handle to the end-stop, verifying display of motion and force waveforms.	Comment by Laura Rigolo: Authors, is this set automatically, or is this set by the user? Do you mean: Set the pressure to the minimal setup level to automatically push the handle to the end-stop.	Comment by Ottensmeyer, Mark P.: Yes – this is set automatically
2.10. SCREEN: To be provided by authors: show the custom user interface stimulus program running as the pressure is set to the minimal setup level to automatically push the handle to the end-stop. Authors, please upload all screen captures to your project page. (Step 2.10: 59420_screenshot_1.mp4, time index 0:00.00 to 0:41.84)
2.10.1. 
2.10.2. Talent verifies the display of motion and force waveforms. (Authors, is this done at this point, or later on during the experiment? – done at this time to verify that all sensors are functioning)
2.11. Next set the force level and instruct the volunteer to completely squeeze 2 to 3 times for approximately 2 seconds [1]. Observe whether the volunteer can complete a squeeze at that force level [2]. (59420_screenshot_1.mp4, time index 0:41.84 to 1:33.56)
2.11.1. Talent sets the force level to 30 N, then speaks to the volunteer through the intercom providing instructions. 
2.11.2. Film through the MRI window (or door) as the volunteer squeezes the handle.  
2.12. Gradually increase the force level and repeat squeeze attempts until they cannot complete a squeeze [1]. This measurement serves as the volunteer’s maximum grip strength [2]. The program will automatically calculate 60%, 40%, and 20% of the maximum force level for use during testing [3].
2.12.1. Talent increases the force level on the UI. 
2.12.2. Film through the MRI window (or door)  - the volunteer squeezes the handle but cannot complete a squeeze. 
2.12.3. SCREEN : To be provided by authors: The program automatically calculates 60%, 40%, and 20% of the maximum force level. Authors, please upload all screen captures to your project page. (Steps 2.10 and 2.11: 59420_screenshot_1.mp4, time index 0:41.84 to 1:33.56)
3. Scan Session
3.1. Attach the top of the head coil and use small foam pads to immobilize the participant’s head [1]. Also attach the communication ball on the volunteer’s chest, and provide instructions on its use [2].
3.1.1. Talent attaches the top piece of the head coil, then places foam pads around the subject’s head. 
3.1.2. Talent tapes the communication ball to the subject’s head, then speaks to them providing instructions. 
3.2. Next, confirm that the communication ball works [1], then position using the laser alignment before moving the table and the participant into the scanner’s isocenter [2].
3.2.1. The subject squeezes the ball, then talent presses the button on the side of the scanner to silence it  (authors, is there a button on the scanner to silence the alarm?, or is this done at the MRI console? – this is done on the scanner) 
3.2.2. Talent aligns the head with the laser, then pushes the button to send the participant into the scanner. 
3.3. Now, using the user interface, set the device to apply the first force level (59420_screenshot_1.mp4, time index 0:41.84 to 1:50.00) [1]. The program will display a set of instructions to remind the volunteer how to respond to the visual stimulus.  (59420_screenshot_2.mp4, time index 0:00.00 to 0:05.50) [2]. 
3.4. 
3.4.1. Talent used the UI to set the first force level automatically to 2060% of maximum. 
3.4.2. Show the laptop displaying the set of instructions, then pPan up to show the participant in the scanner, if possible we see this instructions being displayed to them on the on the video projector screen behind the scanner bore.  Instructions are only shown on projector to patient – tech does not see them on the laptop.
3.5. The program will wait for the scanner to provide a trigger signal, then remove the instructions and show a “fixation cross” that the volunteer should focus on [1]. (this occurs at 59420_screenshot1.mp4, time index 1:49.90, signaled by text display in the Matlab command window – no other cue to the tech.  Looking through observation window, the change from instructions to cross may be visible) 
3.5.1. Talent (or MR tech) starts the scan on the MRI console, then in the same shot we see the laptop projector remove the instructions and display the cross.  This is visible only on the projector screen in the MR room, not on the operator’s laptop (59420_screenshot_2.mp4, time index 0:06.00 to 0:26.50)
(3.4.1 – 3.5.1: 59420_screenshot_1.mp4, time index 0:41.84 to 1:50.00)

3.6. When the fMRI scan acquisition begins, a visual metronome will be displayed, in the form of a growing and shrinking circle [1]. The volunteer should completely squeeze and release the handle synchronously with this stimulus [2]. (59420_screenshot_1.mp4, transition from instructions to cross is at 1:49.90, visual metronome begins on projector screen at 2:11.54, first set of metronome stimului runs to 2:32.50, returns to fixation cross) Also (59420_screenshot_2.mp4, time index 0:26.60 to 0:47.56 for metronome, change to cross until 1:08.56)
3.7. 
3.7.1. WIDE: Show the visual metronomegraphical plot of metronome state and subject’s displacement/forces displayed on the laptop, then pan over to or zoom into subject in the scanner. – visual metronome is only displayed on the projector – visible through the screened observation window  ALSO – MR images captured in real time can be seen on operator’s console in the control room.  If head is not properly fixed in place, head motion artifacts will be shown on the monitor.  This can be included off-line if desired.
3.7.2. The volunteer completely squeezes and releases the handle synchronously. (film from window or door).  
3.8. Rest periods will separate stimulus periods, during which time the fixation cross will again be displayed [1]. Observe the live plots of force and displacement to monitor the force output and participant task performance [2]. 
[bookmark: _GoBack](59420_screenshot_1.mp4, first rest begins at 2:32.50, cycles of visual metronome and rest alternate to 7:15.00 when MR functional scan ends. Cycle repeats 2x more at 40% and 20% of maximum force level with same sequence of instructions, rest, stimulus, to end of video clip) Also 59420_screenshot_2.mp4, first rest (as above) begins at 0:47.56, cycles of rest & stimulus alternate to 5:21.60 – repeats for 40% and 20% are identical to the first sequence)
3.8.1. The fixation cross is displayed on the laptop screen as the volunteer remains still in the scanner. 
3.8.2. MED over shoulder: Talent looks at the live plots of force and displacement on the UI, as the participant perform the task. 
3.9. Once the experiment is complete, let the participant know they can relax and to let go of the handle [1]. Finally, collect a series of anatomical scans. [2]. 
3.9.1. The participant relaxes and lets go of the handle. 
3.9.2. MED over shoulder: Talent scrolls through an anatomical MRI on the scanner console computer, while another scan is being acquired. (Or mock acquisition)


















OPTIONAL – Critical Step Statement:
· An OPTIONAL brief statement may be submitted for further elaboration of the best way to perform the required technique for the single most critical step of this procedure. 
· If there is no single critical step, then there is no need to fill out this statement.
· This will be an interview style shot interjected after the relevant step within the Protocol section of the video. 
· This statement is limited to 30 words or less. 
· Please indicate the full name of the Author who will give this statement and the step of the protocol to which the statement pertains using the step numbers from the Protocol section (above).
Fill in the details below based on the instructions above for the “Critical Step Statement”
Author nameDr. Mark P. Ottensmeyer, Step   3.4         :   The MR scanner sends trigger signals beginning at the start of each at each phase of the scan, which are used to properly synchronize the display of the metronome with the repetition times of the acquisition.
        (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)


Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 

4. Results: MRI-Compatible Hand-Induced Robotic Device Motor Task
4.1. This figure shows typical motor task results [1]. Here we see fMRI activations, superimposed on a brain outline [2], and as pseudo-color on a three-dimensional cross-sectional view of the volunteer’s anatomical image. M1 indicates the Primary motor cortex, and SMA indicates the Supplementary motor cortex. [3]. This image shows pseudo-color activations rendered on a brain template.
4.1.1. LM: Figure 5: Show whole figure.  
4.1.2. LM:  Note, all text in blue to be done by a JoVE video editor: Show Figure 5A alone with second sentence. 
4.1.3. LM: Figure 5B appears next to 5A.  Indicate M1 when spoken, then SMA when spoken. 
4.1.4. LM: Show Figure 5 C
4.2. This graph shows actual force output, measured in units of force as a function of time. The output was recorded in real time. The Black bar corresponds with the 60 second stimulus and rest period.
4.2.1. Figure 5D. JoVE video editor: indicate the black bar when spoken. 
4.3.  Here a single-voxel time course of activation is shown, chosen from a voxel at the somatosensory area at the location of the cross-hairs in this image. Authors, can you submit each figure panel of figure 5 as a separate image file? YES
4.3.1. LM: Figure 5 E and B. JoVE video editor: 5E appears, then 5B appears alongside it when “location of the cross-hairs” is spoken.




Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

· Below are questions for statements that can be used to further emphasize the significance of your protocol. At least one statement is required.
· Each statement is limited to 30 words.
· Answer the questions in full sentences, as you will be expected to memorize and deliver the sentences as spoken interview statements during filming. 
· Indicate the full name of the author who will give each Conclusion Interview statement. 
What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
5.1. Author NameDemonstrator/technician Christian Pusatere: ____ (Step: __) (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)  (no number) Subjects must be properly trained in performing the metronome-tracking grip motions in advance.  (3.4) In addition, synchronization between the visual stimulus and the acquisition sequence is crucial.  This is guaranteed through the triggering of the display software by a signal from the scanner.
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
5.2. Author NameDr. Shasha Li: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera)  Additional imaging modalities can be applied, including Diffusion Tensor Imaging to detect white matter fiber tract orientation and growth which is also expected to change with rehabilitation.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
5.3. Author NameDr. A. Aria Tzika: ____ (Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera) Development of this process allowed the demonstration that stroke recovery continues beyond six months post-injury, suggesting that therapy and associated insurance reimbursement should continue beyond this time.
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
5.4. Author NameDr. Mark P. Ottensmeyer: ___(Write your answer here in the form of a spoken statement. Don’t forget to replace “Author Name” with the name of the person who will be speaking the statement on camera) Performing any experiment in an MR room is hazardous due to the high magnetic field strength.  All subjects and experimenters must follow MR-safety guidelines.  All patients must be screened for MR contraindications such as pacemakers or other implants and pregnancy.

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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