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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (NO

2. Does your protocol include software usage? YES
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? 
Steps 3.3-3.5, 3.8, 3.9, and 4.1.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Step: 3.9:  Locating the grid-point corresponding to the hotspot and determining a participant’s resting motor threshold are both challenging and can be difficult. Determining RMT may take experimenter’s longer than expected as it requires the experimenter to alter the intensity of TMS

5. Will the filming need to take place in multiple locations? 
No, the filming will take place in one location. The TMS Laboratory located at the Alberta Children’s Hospital. 

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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) 

1.1. Dr. Adam Kirton: Our protocol involves using the first pediatric TMS robot in the world, to map the motor cortex in healthy children and children with early brain injuries such as perinatal stroke [1].
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Dr. Adam Kirton: This protocol integrates MRI and neuronavigation allowing experimenters to acquire maps with increased accuracy and precision, reducing mapping session times, eliminating human error, and increasing safety and tolerability [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera)

AUTHORS: The purpose of the intro statements is to introduce each author on camera. Only one statement/author is permitted in the optional section, therefore a couple statements were moved to the conclusion. 

1.3. Adrianna Giuffre: Motor mapping is not yet used for diagnostic or prognostic purposes; however, it is a novel technique that measures how the brain changes and rewires after damage to the brain has occurred [1]. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Dr. Ephrem Zewdie:  Similar techniques with different mapping targets can be used for language and mapping.  Language and motor mapping can be important for pre-surgical planning [1].
Videographer NOTE: 1.4.1. and 6.2.1. – 6.3.1. will deviate from script text slightly at request of authors. There was also some radio interference in this building; there will be moments the wireless lav will fail. I tried multiple frequency banks with no improvement. Shotgun mic is on channel 1, lav mic channel 2.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


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

1.5. Procedures involving human subjects have been approved by Conjoint Health Research Ethics Board, University of Calgary 

Section - Protocol
2. TMS Target Trajectories

Authors, please upload all screen captures to your project page.
2.1. Begin by using the tabs in the neuronavigation software to reconstruct Skin and Full Brain Curvilinear. Select New, Skin, and Compute Skin. Ensure the nose and top of the head are included [1].
2.1.1. MED-over shoulder: Talent at computer opens software. Talent selects New, Skin, and Compute Skin, and includes nose/top of head. 
2.2. Then, select New, and Full Brain Curvilinear. Enclose the green selection box outside of the brain but inside of the skull. Select Compute Curvilinear. Adjust the peel depth to 4.0-6.0 mm [1].
NOTE: All screen captures have been completed and uploaded. Authors asked to blur or crop out files on their desktop.
2.2.1. SCREEN: To be provided by the authors.
2.3. Select Configure Landmarks. Place four landmarks at the tip of nose, nasion, and the notches of both ears of the reconstructed skin. Name the landmarks corresponding to their anatomy [1].
2.3.1. SCREEN: To be provided by the authors.
2.4. Select the Targets tab to view curvilinear brain. Select New, and Rectangular Grid. Place uniform 12 x 12 coordinate grids with 7 mm spacing on the surface of the reconstructed brain over the ‘handknob’ of the motor cortex [1].
2.4.1. SCREEN: To be provided by the authors.
2.5. Next, use the Target Positioning Tool on the right to optimize the grid positioning for rotation, tilt, and curvature. Convert the grid-points into trajectories that will guide the robot to position the TMS coil. Adjust the angle of the trajectories so they are 45° to the longitudinal fissure of the brain. Use the SNAP (pronounced snap)  tool to extrapolate and optimize the trajectories to curvilinear brain [1].
2.5.1. SCREEN: To be provided by the authors.
2.6. Finally, initialize and position the TMS robot arm and seat to Welcome position [1] and calibrate the force plate sensor using Force sensor test [2 – 2.6.2a].
2.6.1. Talent positions the TMS arm to the welcome position
2.6.2. Talent conducts the force sensor test. 
2.6.2a Added shot: CU of force dialogue box on computer while force sensor test is performed.
3. Participant Preparation 
3.1. Begin by escorting the participant into the testing room [1], and having them fill out a safety questionnaire [2].
3.1.1. WIDE: Participant walks into testing room.
3.1.2. Participant fills outs questionnaire. 
Author NOTE: TMS expert would be with participant to fill out form. 
3.2. Then, seat the participant in the robot chair and adjust the backrest and neck rest to ensure their feet are supported [1].  Support the arms and hands will pillows during the mapping session [2]. 
3.2.1. Participant sits in robot chair. Talent adjusts backrest.
3.2.2. Talent places pillow under the arm. 
3.3. Clean the skin over the muscle of interest [1]. Place Ag/AgCl surface electrodes on both hands and forearms of the participant, targeting four distal forelimb muscles: 1) the belly of the first dorsal interosseous, 2) abductor pollicis brevis, 3) abductor digiti minimi, and 4) the wrist extensor [2].
3.3.1. CU: Talent cleans the skin. Videographer: Authors indicate this an important step.
3.3.2. Talent places one electrode on the forearm of the participant as an example. Videographer: Authors indicate this an important step.
3.4. Connect the amplifier to a data collecting computer with a compatible EMG software [2]. Next, connect the surface electrodes to the electromyography or EMG amplifier and a data acquisition system, making sure that the ground electrode is connected as well [1]. 
3.4.1. Talent connects one surface electrode to the EMG amplifier. Videographer: Authors indicate this an important step. 
3.4.2. Talent connects the amplifier to the computer. Videographer NOTE: Mislabeled slate (is take 1). 3.4.2a is alternative for 3.4.2 if that angle doesn’t work. 3.4.2b is best shot to describe action for 3.4.2 (Editor’s choice.)
Author NOTE: Switch order of 3.4.1. and 3.4.2. 
3.5. [bookmark: _GoBack]Co-register the four landmarks on the head of the participants’ using the landmark pointer [1] and use the validation tab to ensure the participants’ head is properly registered [2]. 
3.5.1. Talent uses pointer to register 4 landmarks on the head. Videographer: Authors indicate this an important step. Videographer NOTE: there’s also 3.5.1a, Action from 3.5.1 but with technician in foreground.
3.5.2. Added shot: Validation step NOTE: There is also an added screen capture to line up with previous step (3.5.3 SCREEN)
3.6. Then, select a grid point closest to the participant’s “handknob” [1]. Select the Align to Target button to align the TMS coil held by the robot to this target location [2]. Select Contact On. Monitor the contact quality using the contact force indicator and ensure the indicator is green or yellow [3]. 
3.6.1. Talent selects a grid point on the computer. 
3.6.2. Talent select the Align to Target button. Show robot moving coil to handknob location. 
3.6.3. Talent selects Contact On. Show indicator as green. 
3.7. Instruct the participant not to move outside the scope of the robot arm [1].  Ensure the participant’s hand muscles are relaxed and remain still prior to contact [1]. Select Align and Follow so the coil remains centered on the target if the participant moves [2]. 
3.7.1. Talent speaks to participant.
3.7.2. Talent selects Align and Follow.
3.8. Use the TMS trigger button on the TMS machine to deliver 5-10 TMS pulses at an intensity between 40-60% maximum stimulator output [1-TXT].
3.8.1. CU: Talent presses TMS trigger button.  Videographer: Authors indicate this an important step.
TEXT: Repeat to 5-6 grid-points surrounding the “handknob”.
3.9. Lastly, determine the grid-point that gives the largest and most consistent motor evoked potential for the left or right FDI muscle. Determine the resting motor threshold as the lowest intensity that produces a MEP of at least 50 μV in the FDI muscle in 5 out of 10 stimulations [1]. 
3.9.1. Show talent pressing commands on the computer to determine MEP. Show robot arm moving. Videographer: Authors indicate this a critical step. 

4. Motor Mapping
4.1. Begin by delivering four single-pulse TMS pulses at an interstimulus of 1 s and intensity of 120% RMT at the grid point closest to the hotspot. Then, repeat at the adjacent gridpoint [1-TXT]. 
4.1.1. Talent presses trigger button. Videographer: Authors indicate this an important step.
TEXT: 4 TMS pulses of 1 s at 120% RMT
4.2. Continue sequentially in a linear fashion along responsive points until a non-responsive point is reached, which designates the first border region of the map [1].
4.2.1. Talent shows TMS map on screen. Focus on one border point. 
4.3. Then, continue mapping to establish the border points in all four directions of the rectangular grid. Record all MEPs from all muscles using the EMG software for offline analysis [1- 4.3.1a].
4.3.1. Show TMS map with border points in all 4 directions. 
4.3.1a Added shot: CU of paper map
4.4. After 3-4 grid points, select Contact off and give the participant a break until they feel ready to continue [1].
4.4.1. Participant moves around to take a break. 
4.5. Next, use a hard copy version of the same grids to tack the stimulation order for further analysis [1]. Complete mapping using a robotic TMS [2].
4.5.1. Show talent using hardcopy version of grids.
4.5.2. Show robot arm moving. 
4.6. Finally, use a custom made coding script to generate 3D motor maps. Calculate motor map area and volume using responsive trajectory sites. Calculate center of gravity as weighted average of the motor representations of each coordinate location [1-TXT]. 
4.6.1. MED-over shoulder: Talent at computer. Show coding script, and calculations after script runs. 
TEXT: See text protocol for conventional tDCS and HD-tDCS application




Section – Results
5. Results: Increase in the rate of learning observed in the tDCS and HD-tDCS vs. sham
5.1. These results indicated that tDCS and HD-tDCS improve the rate of learning over 5 days of training. The  active  intervention groups  had larger improvements in daily average left hand PPT score at day 4 and 5 compared to sham [1].
5.1.1. LAB MEDIA: Figure 3A.  Video editor: Highlight both data lines with circle data points.  When day 4 is mentioned in the VO, highlight column of data at day 4 and 5. 
5.2. This methodology has been replicated from a previous study and the datasets were combined. The replication data demonstrated similar results, such that there was a significant increase in the rate of learning observed in the tDCS and HD-tDCS group compared to the sham group [1].
5.2.1. LAB MEDIA: Figure 4B.  Video editor: Highlight both data lines with circle data points.  



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

6.1. Adrianna Giuffre:  Planning the procedure is as important as performing it. Grids and trajectories should be carefully overlaid on an MRI. If using MNI brain templates, multiple samples should be taken from participants’ head [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Video editor: This shot corresponds to step Step: 2.2.6. 
6.2. Dr. Ephrem Zewdie:    This procedure can be completed pre and post intervention to answer motor map changes that resulted from the procedure. Performing clinical assessment following this procedure can indicate the relationship between motor map measures and functional outcome [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Dr. Ephrem Zewdie: Using this protocol, researchers can learn how to generate motor maps accurately, timely, as well as, safely, in children using robotic TMS. Major challenges include guiding the robot and aligning it optimally to target areas. The trajectories must be accurately pre-determined, and practicing coil alignment with multiple combinations of tilt and rotation parameters helps optimize coil trajectory design [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.4. Adrianna Giuffre: None of the instruments are hazardous. It is important to constantly observe the robot while it is touching the participant’s head as the robot will reciprocate any head movement [1].
6.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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