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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? YES 

C.  Which steps of your protocol will viewers benefit most from having filmed? Steps 2.3, 3.2, 4.2, 4.3.2, 5.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Step 5.3
E.  Will the filming need to take place in multiple locations? NO
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
(AUTHORS: Please memorize the interview statements prior to filming)

A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to quantify primary motor cortex excitability and inhibition during a motor response inhibition task by using transcranial magnetic stimulation, also known as TMS. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Steve Wu: This method can help answer key questions in the field of motor control research to understand cortical physiologic changes during motor task completion and response inhibition.
1.2. Steve Wu: The main advantage of this technique is the use of noninvasive Transcranial Magnetic Stimulation technology to explore primary motor cortex physiology during a child-friendly stop-signal behavioral task. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
[AUTHORS: Each additional author is permitted to speak one statement as the goal of this section is the introduce authors to the camera. Therefore, 4/5 statements below have been removed. There is also a 150 word limit for the introduction.]
1.3. Donald Gilbert: Though this method can provide insight into pediatric movement disorders, it can also be applied to any neuropsychiatric conditions that affect motor regulation, such as attention-deficit hyperactivity disorder and autism spectrum disorder.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Steve Wu: Demonstrating the procedure will be David Huddleston from our laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the Cincinnati Children’s Hospital Medical Center and Johns Hopkins Institutional Review Boards as a minimal risk study in children and adults.
Protocol: (read by voice talent at JoVE)
2. Screening & EMG lead setup
2.1. Begin by screening the participant for TMS contraindication(s) using a standardized questionnaire [1-MED].
2.1.1. Talent hands the participant, who is sitting at a table, a questionnaire and a pen. 

2.2. Demonstrate how TMS works by delivering a magnetic pulse over the operator’s own forearm [1-MED].
2.2.1. Talent picks up the TMS coil and demonstrates a pulse on their own forearm.  

2.3. After that, deliver a TMS pulse over the participant’s forearm so that he/she can feel the pulse [1-MED].
2.3.1. *Film as written. 

2.4. Then, place earplugs in participant’s ears for hearing protection [1-MED].
2.4.1. *Film as written. 

2.5. Next, have the subject abduct the dominant index finger to identify the first dorsal interosseous muscle, or FDI [1-CU].  Place the negative electrode over the belly of the FDI [2-CU], then place the positive electrode between 2nd and 3rd metacarpophalangeal, or MCP, joints and the ground electrode over the 5th MCP joint [3-MED].
2.5.1. *Film as written. 
2.5.2. *Film as written. 
2.5.3. *Film as written. 
2.6. Position the participant’s hands with ulnar aspects of both arms and hands resting fully on a pillow, with no anti-gravity effort required [1-MED].
2.6.1. Talent positions the participant’s arms and hands on a pillow,
2.7. Finally, have the participant extend the dominant index finger while the third through fifth fingers are flexed [1-CU]. Then, place a game controller pad on the pillow so that the index finger rests on the button used for the racecar Slater-Hammel (pronounced s-h) task [2-MED].
2.7.1. *Film as written. 
2.7.2. Talent places a game controller pad on the pillow. Show index finger resting on the button used for the task. 
3. Baseline TMS data acquisition 

3.1. Begin by obtaining baseline TMS (pronounced t-m-s) measurements using a 90 mm circular TMS coil positioned tangentially to the skull over the vertex with the handle pointing towards the occiput to produce an induced posterior-to-anterior current over M1 [1-MED].
3.1.1. Talent picks up the TMS coil, then places it on the skull over M1.
3.2. Then, use a wax pencil to mark the scalp location once the hotspot was located to ensure that the TMS pulse delivery occurs at the same cortical region [1-MED-over shoulder].
3.2.1. Talent uses a wax pencil to mark the scalp location.  
3.3. Perform twenty trials of baseline single-pulse TMS induced FDI MEPs using an intensity of 120% of resting motor threshold, abbreviated as RMT[1-MED], with both hands at rest [2-CU].
3.3.1. Show talent holding the coil over the participants’ skull.

3.3.2. Show participants’ hands at rest. 
3.4. Finally, perform twenty trials of baseline paired-pulse TMS measures of M1 short-interval intracortical inhibition at rest using inter-stimulus interval of 3 ms [1-MED].
3.4.1. From a different perspective than shot 3.3.1, show the talent holding the coil over M1. 

4. Slater-Hammel behavioral task
4.1. Begin by displaying the Racecar Slater-Hammel response inhibition task on a monitor directly in front of the participant [1-MED-over shoulder].
4.1.1. *Film as written. 

4.2. Start the experiment by first training the participant on the behavioral task by telling the subject that the car on the left side of the monitor will begin to [1-MED] move after the button is pressed by adduction of the dominant index finger [2-CU]. 
4.2.1. Talent points to the car on the left side of the monitor and talks to the participant.

4.2.2. [Multiple shots] Show participant pressing the button. 
4.3. Then, tell the participant that the goal for GO (pronounced go) trials is to lift the finger as close to but before the 800 ms target as depicted by a vertical line on the screen [1-MED-TXT]. Have the participant practice 10 GO trials [2-MED-over shoulder].

4.3.1. Talent talks to the participant and points to their hand. TEXT: Screen will display “Good Job” if finger lifts occurs between 700 and 800 ms, otherwise it will display either “Too Soon” or “Too Late”. 
4.3.2. *Film as written.
4.4. Next, provide training for the STOP task by telling the participant that the second set of trials involves the car randomly stopping before the 800 ms target [1-MED].
4.4.1. Talent talks to the participant and makes a ‘stop’ gesture by holding their palm flat out front, then pointing to the target on the screen. 
4.5. Tell the child to keep his index finger on the button without lifting the finger whenever the car randomly stops [1-CU]. Inform the participant that if stop signal is presented and finger is lifted before the checker flag, a “Too Soon” message will appear [2-MED]. Tell the child that a “Good Job” message will be displayed after successful STOP trials [3-MED].
4.5.1. Use shot 4.2.2.

4.5.2. Talent speaks to participant, show points to the ‘too soon’ message on the screen.

4.5.3. Talent speaks to participant, show points to the ‘good job’ message on the screen.
4.6. Have the child practice 10 STOP trials [1-MED-over shoulder].
4.6.1. Show child practicing STOP trials. 
4.7. After the participant practices the GO-only and STOP-only trials, tell them that the next practice block contains a mixture of GO and STOP trials [1-MED]. Have the child perform 20 trials of mixed GO and STOP as a final practice [2-MED-over shoulder].
4.7.1. Talent speaks to participant about the trials. Participant nods head ‘yes’.  

4.7.2. Show child practicing both GO and STOP trials. 
4.8. Next, in preparation of the actual online Slater-Hammel experiment, remind the participant to push down the dominant index finger to start the trial [1-CU], to lift off the finger for GO trials [2-CU], and keep their finger on the button for STOP trials [3-CU].
4.8.1. *Film as written 4.8.1., 2 and 3 combined into single shot.
4.8.2. *Film as written 

4.8.3. *Film as written 
4.9. Tell the child that TMS pulses will be delivered during the Slater-Hammel task, and that there will be 3 blocks of online Slater-Hammel TMS trials [1-MED].
4.9.1. Talent speaks to participant, points to TMS coil, and holds up 3 fingers. 

4.10. Place the 90 mm circular coil over the vertex using previous wax pencil mark to preferentially stimulate dominant M1 [1-MED] and set the conditioning pulse intensity to 60% *RMT and test pulse to 120% *RMT [2-MED-over-shoulder-TXT].
4.10.1. Talent picks up coil and places it on M1. 

4.10.2. Talent adjusts settings on the TMS machine. TEXT: Conditioning Pulse: 60%*RMT; Test pulse: 120%*RMT
4.11. Finally, begin the online Slater-Hammel TMS experiment [1-MED-TXT]. 
4.11.1. Show participant completing the task with the TMS coil. TEXT: Time required for completion of 120 trials: 30-40 minutes. Note from the author:  4.11.1 contains several minutes of the actual experiment.  I can be involved in reviewing the raw video files to help suggest which parts are ideal for final video.
5. Results: Online TMS protocol indicates differences between failed STOP vs GO or failed STOP vs. successful conditions.  
5.1. Here, representative neurophysiologic data in different trial conditions using least squares mean estimates calculated from the regression model [1-LM]. For MEP amplitudes, the independent variables sex, site and trial block were not significant in the regression model [2-LM]. The TMS pulse condition and its interaction with trial condition were significant [3-LM]. 
5.1.1. Figure 3: Show Figure

5.1.2. Figure 3: Highlight y-axis label.

5.1.3. Figure 3: Highlight each x-axis label.
5.2. All pair-wise comparisons of single-pulse MEP amplitudes between the three task conditions were insignificant [1-LM]. However, the differences between GO vs. failed STOP [2-LM] and successful vs. failed STOP were significant [3-LM].
5.2.1. Figure 3: Highlight each of the three column groups, one at a time, from left to right. 

5.2.2. Figure 3: Highlight the data from GO and failed STOP.

5.2.3. Figure 3: Highlight the data from successful vs. failed STOP.
6. Conclusion (said by authors on camera)
6.1. Steve Wu: Once mastered, this technique can be done in approximately 1 hour if it is performed properly.

6.2. Steve Wu: While attempting this procedure, it’s important to remember to instruct the children how to correctly perform during the Slater-Hammel task. The setup of EMG leads and the techniques used during data acquisition are important for obtaining reliable data.
6.3. Steve Wu: Following this procedure, other methods like using two TMS coils simultaneously during behavioral task can be performed in order to answer explore how other cortical regions regulate the motor system during motor tasks.
6.4. Steve Wu: After its development, this technique paved the way for researchers in the field of motor control research to explore motor system physiology in patients with motor control problems such as Tourette Syndrome, dystonia, ADHD and autism spectrum disorder.

6.5. Steve Wu: After watching this video, you should have a good understanding of how to perform TMS in children during a behavioral task.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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