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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___no ______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___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.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.4, 2.5, 3.4, 4.1, 4.5, 4.6
D.  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.) ____4.2, 4.3
E.  Will the filming need to take place in multiple locations? (Y/N)  no  If yes, how far apart are the locations? 

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. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this methodology is to create a cost-effective approach of integrating studies of brain stimulation and human movement. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Aimee Nelson: This method can help answer key questions in the neuromotor control field, such as how neural output from the motor cortex is modulated by the ongoing movement. 
1.2. Aimee Nelson: The main advantage of this technique is that the delivery of brain stimulation is computer automated and determined by the specific movement parameter of interest to the researcher such as the joint angle or magnitude of muscle activity.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
1.3. Michael Asmussen: The implications of this technique extend toward therapy (or diagnosis) of individuals with cerebellar ataxia, as it helps shed light on the cortical physiology associated with multi-joint movement control.  
Michael Asmussen will be supplying his own video of him saying this sentence.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Aimee Nelson: Demonstrating the procedure will be Aaron Bailey, a grad student from my laboratory. 
1.4.1. The named technician, post doc, student looks up from workbench or desk 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 McMaster Research Ethics Board at McMaster University.
Protocol (read by voice talent at JoVE):
2. Experimental Set-Up
2.1. See the manuscript accompanying this video for hardware and software set up instructions for this experimental protocol. The diagram seen here gives an overview of hardware configuration [2.1.1 -LM].  
2.1.1. Figure 1
2.2. Begin by screening the participant for TMS safety, and obtaining written and informed consent for the experiment [2.2.1 -MED]. Then, record the total body mass of the participant using a scale [2.2.2 -WIDE].
2.2.1. * subject fills out paperwork
2.2.2. * film as written
2.3. Also use measuring tape to determine the length of the participant’s hand, forearm, and upper arm, as these segments can later be used for kinematic and kinetic analysis [2.3.2 -MED]. 
2.3.1. * film as written
2.4. Next, prepare the skin over the muscles of interest using a light abrasive gel, then wipe the area clean with alcohol [2.4.1 -MED].  Use an impedance meter to ensure that the skin-electrode impedance is below 10 kiloohm to enhance EMG signal acquisition [2.4.2 -MED].
2.4.1. * Film preparation of skin over the biceps
2.4.2. * film as written 
2.5. Now place two electrodes over the bellies of the muscles in a bipolar montage [2.5.1 -MED].  For this experiment, place electrodes over the biceps brachii, triceps brachii, pectoralis major, posterior deltoid, and brachioradialis [2.5.2 -MED].
2.5.1. * placement over the biceps
2.5.2. * show all the electrodes in their final placement
2.6. Finally, Using BNC cables, connect the outputs from the EMG amplifier to the analog channels 0, 1, 3, 4, and 5 on the A/D box [2.6.1 -MED]. 
2.6.1. * film as written
3. Transcranial Magnetic Stimulation (TMS)
3.1. Locate the vertex using the International 10-20 electroencephalography electrode placement system [3.1.1 -MED]. Calibrate the TMS coil to the participant using neuro-navigation software [3.1.2–MED].
3.1.1 and 3.1.2 switched
3.1.1. Show neuro-navigation system & subject’s head as registration is completed.
3.1.2. * film as written. 
3.2. Next, to locate the motor hotspot, start by placing the coil on the contralateral hemisphere of the arm or hand being studied and 5 cm lateral to the vertex [3.2.1 -MED]. The coil should be flat on the participant’s head and oriented such that it is 45° in relation to the sagittal plane [3.2.2 -MED].
3.2.1. * film as written
3.2.2. * film as written
3.3. Then, begin with about 30% of the maximum stimulator output [3.3.1 -MED over shoulder], and deliver TMS pulses with an inter-stimulus interval of 6 seconds or greater, as described in the sweep-based data acquisition software [3.3.2 -MED].
3.3.1. Talent sets stimulator to 30%
3.3.2. * film as written
3.4. Move the TMS coil around to slightly different locations on the scalp, while also slightly changing the orientation [3.4.1 -WIDE] until a motor evoked potential is observed in the muscle of interest [3.4.2 -MED]. 
3.4.1. * film as written  

3.4.2. [combined with 3.4.1] * muscle twitch seen in the biceps
3.5. Now determine the resting motor threshold by starting at the intensity that produces [3.5.1 –MED] the most reliable response at about 1 millivolts [3.5.2 –CU]. Deliver single pulses and record the motor evoked potential peak to peak amplitude online. [3.5.2 -MED] 
3.5.1. show the stim intensity 
3.5.2. show muscle twitch in the biceps
3.5.3. * film as written
4.  TMS Experimental Trials
4.1. Begin the experiment by first running the visual stimulus delivery software program [4.1.1 -MED over shoulder]. Then, run the ‘script file’ for the experimental trials within the sweep-based data acquisition software, as described in the manuscript accompanying this protocol [4.1.2 -SCREEN-CAPTURE]. 
4.1.1. * film as written
4.1.2. * to be provided by author (authors, could you provide a video screen capture of the script file being run, as described above)  We have uploaded this file.  
4.2. Input the desired information in the configuration dialog box as seen on screen here [4.2.1 -MED over shoulder]. These values will configure the timing and other settings for the experimental trials [4.2.2 -LM]. For example, the stimulus sets in randomization value controls the number of times a trial type is performed in a block.  [4.2.3 -LM]
4.2.1. Talent enters the info

4.2.2. “Sweep-based data acquisition software configuration dialog box” (authors, can you upload a high resolution version of the image provided in the SW doc to show here?) animators can add an arrow that slides vertically along the setting values to indicate them – when ‘values’ is spoken.  Yes, it is uploaded.
4.2.3.  “Sweep-based data acquisition software configuration dialog box” -the “randomization value box is indicated/highlighted. 

4.2.4. Added a new film shot.  Voice over should read, “Motion capture sensors are adhered to the participant.”

4.3. After this step, the software will run on its own with minimal user input [4.3.1 -MED over shoulder].  Assure the participant understands all task instructions, and then begin the experiment [4.3.2 -MED].  A trial begins when the participant places the cursor in the home position target.  Then, a new visual target position will appear [4.3.3 –MED].  
4.3.1. Talent starts the software

4.3.2. Talent speaks to participant, then starts the trails

4.3.3. * film as written 
4.4. Next, an auditory ‘go’ cue is delivered via a digital to analog output on the data acquisition box, and the participant should move the cursor to the new target [4.4.1 -MED]. They should keep the cursor on this target position for 1 second, and then return it to the home position to await the next trial [4.4.2 MED].  
4.4.1. * film as written 
4.4.2. * film as written 
4.5. The analog signal from the EMG will trigger the TMS pulse, which should be configured to occur 100 ms following the auditory ‘go’ cue [4.5.1 -MED].   Observe the participant, and ensure that the cursor is placed in the home position and on the targets during the trials [4.5.2 -MED].   
4.5.1. * show as EMG triggers TMS – the TMS setup/stimulator can be seen during a trial
4.5.2. * talent can be seen observing the participant during trials
4.6. The experiment as seen here has 21 conditions consisting of 7 target conditions with 3 different time points at which a TMS pulse is triggered. The approximate total duration of the experiment is 3 to 4 hours [4.6.1- MED/BROLL]. 
4.6.1. BROLL:  shots of the experiment, to be used here or as needed above. 
We will upload the screen captures ASAP.

Aimee Nelson, Step       3.1-3.4     : Locating the motor hot spot for each muscle is the most critical step of this experiment.  Placing the coil in the incorrect location or orientation can dramatically influence the recordings obtained using transcranial magnetic stimulation.
5. Results: corticospinal output 
5.1. In a single trail, the schematic on the left shows the starting position at the beginning of the trial, while the schematic on the right shows the end position during the trial [5.1.1- LM]. Here we see the peak to peak amplitude of the MEP obtained from each muscle from the single TMS pulse during EMG onset of this trial [5.1.2- LM].
5.1.1. Figure 3A, when starting position is spoken, highlight ‘initial position’ schematic, then when “end position is spoken, highlight the final position schematic.
5.1.2. Figure 3B, when ‘each muscle’ is spoken, have text appear beneath: TEXT: BB = Biceps Brachii, TB = Triceps Brachii, PM = Pectoralis Major, PD = Posterior Deltoid
5.2. The graphs seen here display the angular displacement of the shoulder and elbow joint [5.2.1- LM],  while these graphs show the angular velocity at the same joints [5.2.2- LM]. Here we see the kinetics at the shoulder and elbow joints, with the blue, green, and red lines each representing the net, muscle, and bone on bone contact moment respectively [5.2.3- LM].
5.2.1. Figure 3C and 3D appear
5.2.2.  then  3E and 3F appear
5.2.3. then 3G and 3H appear. The blue, green, and red lines are highlighted as spoken.
5.3. This figure shows example motor evoked potentials recorded from the biceps brachii and pectoralis major [5.3.1- LM], while reaching to a target that requires both these muscles to be active [5.3.2- LM].  Also shown are motor evoked potentials recorded from triceps brachii and posterior deltoid [5.3.3- LM], while reaching to a target that requires these muscles to be active [5.3.4- LM].
5.3.1. Figure 4, panel A (biceps brachii) and C (pectoralis major) appear. 
5.3.2. Figure 4, panel E appears.

5.3.3. Figure 4, panel B (triceps brachii) and D (posterior deltoid) appear
5.3.4. Figure 4, panel F appears.
6. Conclusion (said by authors on camera)
Authors:. Please indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.

Authors, please indicate who will say the following statements. Please remove statements if they will not be used. (This section has been edited for length) Done, see below.
6.1. Aimee Nelson: Once mastered, this technique can be done in 2 to 3 hours if it is performed properly.

6.2. Aimee Nelson: While attempting this procedure, it’s important to remember to determine which analog signal such as the EMG activity or joint angle should be used to trigger the delivery of the TMS pulse.  This choice will be dependent on the context of the experiment.

6.3. Aimee Nelson: Following this procedure, other methods like EEG can be performed in order to answer additional questions like whether brain oscillations are modulated in parallel with changes in corticospinal output.
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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