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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. Step 2.1—Video of components being connected and how they correspond to the system-wide schematic, Step 5.6–Subjects performing virtual task (i.e. video of their movements and what they are viewing in the VR headset).
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. Step 4.2 – 4.3: The most difficult aspect of this procedure is finding a participant’s TMS “hot-spot” for stimulation and MEP generation threshold.  For filming, we will use a participant who has previously undergone TMS stimulation in our laboratory to ensure that film-worthy responses are easily obtained.
E.  Will the filming need to take place in multiple locations? No


1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative: [Use JoveConceptual.ai]

The overall goal of the following experiment is to illustrate a generalized technique for synchronizing multiple data streams that are recorded during human biomechanical studies. (Intro) 

This is achieved by using electromyographic and motion-capture signals to generate an analog synchronization event that can be independently recorded by two or more systems. (P1: Begin with the blue body without any devices on it. When ‘electromyogrpahic’ is mentioned, show the EMG and EMG electrode with text labels. When ‘motion’ is mentioned show the motion capture driver and motion capture LED with text labels. Then, put the virtual reality headset on, with text label.)

As a second step, simple circuit components can be designed, which transform this event into signals appropriate for each recording device. (P2: Begin with the Virtual Reality Event image then show the TMS/Output arrow and Sync circuit one at a time. When “transformed” is mentioned, show blue arrow with images below followed by the red arrow with images below. Include all text with corresponding images.)  

Next, use analysis software to temporally align the synchronization events across the independently recorded signals in order to synchronize all of the signals. (P3: Show first two graphs and highlight “EMG System”, then show last two graphs and highlight “Motion Capture System.  When “synchronize” is mentioned, show the colored vertical lines and circles.)

The results show that several biomechanical signals can be temporally aligned within the sampling frequencies of the respective data recording systems, which enable collection of a rich experimental dataset of human naturalistic movement to study neuromuscular control. (P4: Figure 4B: Show the first three graphs, one at a time. Then highlight the title of each graph one at a time.)


Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   


[image: Mac:Users:valeriya:SciDocs:Manuscripts:VR_TMS_MoCap_EMG_JOVE:JoveConceptual.pdf]



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Bill Talkington: There are multiple complex questions in the fields of motor control and biomechanics that can be best answered by studying natural human movement in a laboratory setting. Here we describe the method of using virtual reality to define behavioral tasks, during which several physiological signals are recorded simultaneously. 
1.2. Bradley Pollard: The advantage of virtual-reality based experimental setup over existing methods, like hardware-based behavioral rigs, is that it can be adapted very rapidly to different experiments as well as to the unique anatomy of individual participants.   
1.3. Erienne Olesh: During behavioral experiments, it is common to simultaneously record several signals that quantify the behavior, such as electromyography and motion capture. Our method provides a solution to the problem of temporal alignment of these signals by using a custom synchronization unit that is compatible across multiple manufactures.
1.4. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  
[bookmark: _GoBack]1.5 – 1.8 accidentally on script
1.5. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.
1.6. Author name _______: Generally, individuals new to this method will struggle because ______________.
1.7.  Author name ________: I/We first had the idea for this method, when I/we ___________.
1.8. Author name _________: Visual demonstration of this method is critical as the ______________ steps are difficult to learn, because _______________.   
1.9. Valeriya Gritsenko: Demonstrating the procedure will be the following members of my laboratory, who were instrumental to the development of this procedure: postdoctoral fellow Bill Talkington, laboratory technician Bradley Pollard, and a graduate student Erienne Olesh.
1.9.1. Interview style: Author saying the above
AUTHORS: As Bradley and Erienne have already spoken, this statement is unnecessary.  Please choose one of the other blank statements (1.4 – 1.8) above to fill in and narrate instead.




Protocol (read by voice talent at JoVE):
2. Electromyography (EMG) Data Collection
2.1. Begin by making all necessary electrical connections between the EMG equipment, including amplifiers, preamplifiers, sensor wires, and sensor pads, according to the manufacturer’s specifications. 
2.1.1. MED: Talent makes connection from EMG to amplifier and preamplifier. [split into A and B]
2.1.2. MED: Talent connects EMG to sensor wires and sensor pads.
2.2. Clean each electrode site to ensure consistent and low electrode-to-skin impedance values. 
2.2.1. MED (over shoulder): Talent swabs an electrode site with alcohol.
2.3. Then, instruct the subject to perform isometric contractions of the individual muscles of interest.
2.3.1. MED: Talent assists subject in performing muscle contractions in order to isolate the bicep.
2.4. Affix the EMG electrodes over the palpated location of muscle contraction, keeping in mind the orientation of the active sites along the muscle fibers. 
2.4.1. MED: Talent attaches EMG electrodes on the deltoid and brachioradialis muscles.
2.5. Attach the ground electrode to the skin over the C7 (pronounced C-7) vertebra.
2.5.1. MED CU: Talent attaches the electrode to the subjects’ C7 vertebra (neck).
2.6. Next, to test the signal quality, inspect the amplified EMG signals on the computer as the subject contracts each muscle of interest.
2.6.1. MED (over shoulder): Talent inspects the EMG signals on the computer. Take 2
2.6.2. MED: Subject contracts and releases bicep muscle.
2.7. Finally, decrease amplification gains if EMG signals saturate during muscle contractions that are required for the behavioral task. 
2.7.1. MED: Talent moves dials on the EMG preamplifier to show gain values between 1000 and 4000. (TEXT: EMG Gain: 1000-4000)
3. Motion Capture System
3.1. Begin by calibrating the motion tracking cameras according to the manufacturer’s instructions.
3.1.1. MED: Talent calibrates the motion-tracking camera.
3.2. Tape active LED sensors to bony landmarks near the arm joints and other anatomical points of interest, such as near the finger, wrist, shoulder, and chest.
3.2.1. MED: Show subject with all LED sensors connected except for one near the elbow. Talent uses tape to place LED sensors on bone near the elbow. 
3.2.2. MED: Talent points to sensors on the subjects’ finger, wrist, shoulder, and chest.
3.3. Attach another LED sensor to the virtual reality, or VR (pronounced V-R), headset to set the viewpoint in the virtual environment. 
3.3.1. MED CU: Talent attaches a LED to the VR headset.
3.4. Then, connect each LED to a wiring harness that is attached to the wireless driver unit. Turn on the driver unit and ensure proper illumination of all LEDs.
3.4.1. MED CU: Talent connects each LED to the wiring harness.
3.4.2. MED: Talent turns on the driver unit. Show illuminated LEDs. Cut out flash; only use when continuously illuminated
3.5. Finally, position the synchronization LED in a location away from the subject, but within a clear view of the motion capture cameras. 
3.5.1. MED: Talent positions the synchronization LED away from the subject. Show a clear view of the cameras. 
4. Localization of TMS and MEPs 
4.1. First, calibrate the transcranial magnetic stimulation, or TMS (pronounced T-M-S), device and software to allow for accurate coil placement. To do this, co-register the TMS coils with anatomical landmarks such as the nasion (pronounced na-ze-an), preauricular (pronounced pre-o-ri-cu-lar) points, and nose tip using a calibration pointer. 
4.1.1. MED: Show the TMS device as talent picks up the coil.
4.1.2. MED: Talent places calibration point on the subjects’ nasion, preauricular points, and nose tip. 
4.2. Then, perform ‘hot-spot’ techniques to locate TMS-sensitive regions on the cortex that produce the greatest amplitude for motor evoked potentials, or MEPs (pronounced M-E-Ps) with the lowest amplitude of stimulation. 
4.2.1. MED (over shoulder): Talent places TMS coil on multiple spots on the subjects’ head, while looking at the MEPs on the oscilloscope
4.3. Record the location of the best stimulation site on the subjects’ scalp with the calibrated stereotaxic registration equipment and software.
4.3.1. MED (over shoulder): Talent marks stimulation sites on the subjects’ scalp using the computer software. 
4.4. Finally, measure the subjects’ threshold by lowering the amplitude of stimulation at the selected location until MEPs of at least 50 microvolts are evoked 50% of the time.
4.4.1. MED: Talent puts the coil on the subjects’ head. Use 4.2.1
4.4.2. MED (over shoulder): Show MEP responses on the oscilloscope. Use a still frame of the first reading
5. Virtual Reality Behavioral Task
5.1. First, setup the VR environment for the behavioral task according to the manufacturer’s protocol by using commercial VR software that is compatible with the headset and motion tracking system. 
5.1.1. MED: Talent setups up virtual reality equipment and software. 
5.2. Program digital outputs through the parallel port for synchronization and marking of specific events of interest.
5.2.1. MED (over shoulder): Talent programming digital outputs on the computer.
5.2.2. [combined with 5.2.1] LAB MEDIA: Figure 2. [Video editor – Insert the box that says “Sample TMS trial” in the upper corner of shot 5.2.1.]
5.3. Connect the VR output to the synchronization circuit as well as other equipment to be synchronized by using cables with matching connectors. 
5.3.1. MED: Talent connects the VR output and other equipment to be synchronized.
5.3.2. LAB MEDIA: Figure 3. [Video editor – Insert the schematic portion of the figure (do not include the ‘operating characteristics box’) into the upper right corner of shot 5.3.1]
5.4. Inform the subject about the requirements of the task he or she will be performing in VR. Ask the subject to point to spherical targets when they appear in his or her field of view.
5.4.1. MED: Talent talking to the subject, explaining the task.
5.4.2. LAB MEDIA: Task 5.1.png [Video editor: Highlight the green circle first, then the red]
5.5. Once the subject understands the task and has a chance to practice it, start the recording of EMG, motion capture data, and synchronization signals. 
5.5.1. MED: Subjects nods that they understand the task. 
5.5.2. MED (over shoulder): Talent starts recording and adjusts sampling rate and other parameters on the computer as necessary. 
5.5.3. MED: Subject performing the VR task. 
6. Results: Alignment of EMG and Motion Capture signals
6.1. During a single VR synchronization trial, the software triggers the EMG equipment to record signals that illustrate neuromuscular activity that occur during movements of the upper limb. It also triggers the motion capture equipment to record continuous movement data. This signal can be used to synchronize the EMG and motion-capture data.
6.1.1. LAB MEDIA: Figure 4A [Video editor – Start with the top 2 plots and highlight “EMG System”, then when “that occur during…” is mentioned in the VO show bottom 2 plots and highlight “Motion Capture System”. When “triggers the motion capture” is mentioned in the VO, show red and blue circles with lines simultaneously.]
6.2. Here, the average angular kinematics and dynamics and the associated continuous and instantaneous neuromuscular activity across 24 trials are shown for a single task. These multidimensional data sets provided by the virtual reality will enable researchers to investigate specific human motor control mechanisms. 
6.2.1. LAB MEDIA: Figure 4B  [Video editor: Highlight the titles as following: When “kinematics” is mentioned, highlight “Elbow Euler angle”; When “dynamics” is mentioned, highlight all the titles with “torque” in them; When “continuous” is mentioned, highlight “Biceps EMG”; When “instantaneous” is mentioned, highlight “Biceps MEPs”]

7. Conclusion (said by authors on camera):

(AUTHORS: Only one short statement is allowed per person. If you feel that the statement crossed out is more important than the one chosen one Bradley Pollard, you may substitute.) 
7.1. Bradley Pollard: Once mastered, this technique can be done in one to three hours depending on the experimental design. 
7.2. Bradley Pollard: After watching this video, you should have a general understanding of how to synchronize multiple data streams that can be recorded during human movement experiments such as EMG and motion capture.
7.3. Bill Talkington: This procedure can be expanded to include additional systems, such as electroencephalography. Moreover, electrical stimulation of peripheral nerves can also be used to evaluate the contribution of sensory feedback to motor control.
7.4. Erienne Olesh: After its development, this technique paved the way for neuroscientists to explore the changes in the neural control of movement in people with movement disorders due to a stroke or a spinal cord injury.

       

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.  

5.1 Task 5.1.jpg
6.1 & 6.2 Figure4.pdf

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, as well as an introduction to your videographer, closer to your filming date.
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