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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: 

1. Performing a belly-tendon montage by placing the active electrodes over the muscle bellies of the right ADM and FDI muscles.

2. Locating the optimal scalp position by recording MEP activity from the contralateral ADM and FDI muscles.
3. Using a neuronavigation system.

4. Recording EMG data from the right ADM and FDI muscles after the TMS pulse at one of five possible time points in the videoclip.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The efficacy of the TMS/MEP technique depends upon locating the optimal scalp position for both the hand muscles and properly registering EMG activity. Surface electrodes should be applied in belly-tendon montage and must conform to regular single-pulse stimulation patterns.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to explore corticospinal excitability changes 

induced by action observation in interactive contexts to identify when the automatic tendency to emulate someone else’s action becomes the preparation for a non-identical response. (Intro)
This is achieved by using single-pulse transcranial magnetic stimulation over the primary motor cortex to assess corticospinal excitability with a relatively high temporal resolution. (P1)
As a second step, neuronavigation is used to maintain constant TMS coil-positioning throughout the entire experiment. (P2)  

Next, electromyographic activity is recorded from hand muscles in order to track excitability changes 

induced by action observation. (P3)
Results are obtained that show an early switch from an emulative to a context-related response in corticospinal activity based on a differential activation of the stimulated hand muscles. (P4)
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).   
(P1 through P4 have been uploaded by authors as separate .tif files) 
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Luisa Sartori: This method can help answer key questions pertaining to the social neuroscience field and specifically action observation. Many questions remain unanswered with regard to how observed actions once mapped onto our motor system can be reconciled with the indication to prepare a non-identical response. Are, in fact,  mechanisms underlying action observation susceptible to requests embedded in social contexts?
1.2. Author name Sonia Betti: The implications of this technique may extend toward future applications in clinical settings, since it has the ability to provide a direc  assessment of motor cortical plasticity effects in individuals affected by social disorders.
Protocol (read by voice talent at JoVE):

2. Instrument preparation & Participant recruitment
2.1. Prior to the experiment, prepare videos of a model performing action sequences that involve manipulating objects on a table. These videos should include both non-social and social conditions. The research subject will observe these body movements during the TMS experiment.
2.1.1. MED over the shoulder: talent sits at a computer and works with the videos of the model, perhaps performing some video editing.  
2.1.2. LAB MEDIA: a short clip of one section of one of these videos, as an example (authors, could you perhaps provide this?)  Otherwise please film a few seconds of the video on the computer.  
R: Yes, experimental stimuli have been uploaded.
2.2. Begin experimental procedure by preparing five sintered monopolar silver – silver chloride electrodes with a 9 mm sensor area to an isolated portable ExG input box linked to the main EMG amplifier. (TEXT ON SCREEN: 15-kOhm, 1.5mm touch-proof safety socket).
2.2.1. MED show the five sintered silver – silver chloride monopolar surface electrodes set out on a surface prior to being plugged in.  (TEXT ON SCREEN: 15-kOhm, 1.5mm touch-proof safety socket)
2.2.2. CU: show the electrodes.  
2.2.3. CU: show the electrodes.  

2.3. Provide an overview of the study to the participant and obtain written informed consent. Ask them to remove all metal objects and objects sensitive to magnetic fields as the rapid rate of change of current in the coil is capable of inducing a changing magnetic field. 
2.3.1. MED: talent and the participant are sitting together at a table or in a waiting area. Talent speaks as if describing the study, and hands the subject a consent form.  
2.3.2. MED: the subject stands and removes a few objects from his/her pockets.  (for example: keys, cell phone, coins) 
2.4. Then, have the participant sit in a comfortable armchair, and position the right arm on a full arm-support.    Also fix the head on a head rest.  Instruct the participant to watch the visual stimuli carefully and to remain attentive. Also explain that they will be questioned later about the contents of the videos.  
2.4.1. (wrote on ciak 2.2.4) MED: subject sits in the armchair, and then talent positions the right arm on a full arm-support + CU for arm on chair (2 takes).
2.4.2. MED: talent fixes the head on a head rest.
2.4.3. MED: talent speaks to the subject again as if explaining, the subject listens and acknowledges.
3. TMS stimulation and MEP recording
3.1. Begin by determining electrode position for the first dorsal interosseus (FDI) and the abductor digiti minimi (ADM) muscles by palpation during maximum voluntary muscle activation. Clean the skin for all electrode locations then lightly apply an abrasive skin prepping gel to the entire site using a gauze pad. Remove any excess with a clean pad.
3.1.1. MED: talent palpates the subject’s hand during maximum voluntary muscle activation to find the FDI and ADM muscles.
3.1.2. CU: talent cleans the skin then applies the skin prepping gel with gauze. 
3.1.3. CU: talent removes excess with a clean pad
3.2. Then, place two surface electrodes, each containing a small amount of water soluble EEG conductive paste, over each muscle and attach them to the skin using self-adhering pads.
3.2.0.CU: talent place the conductive paste on the electrodes.
3.2.1. CU: talent places 2 surface electrodes, over each muscle and attaches them to the skin using self-adhering pads.
3.3. Next, perform a belly-tendon montage by placing the active electrodes over the muscle bellies of the right FDI and ADM and the reference electrodes over the ipsilateral metacarpophalangeal joint. Also attach a single ground electrode containing conductive paste on the participant’s left wrist. 
3.3.1. MED: talent places the active electrodes over the muscle bellies of the right FDI & ADM and reference electrodes over the joint
3.3.2. CU: talent attaches a single ground electrode containing conductive paste on the participant’s left wrist. 
3.4. Connect the electrodes to the common input of the ExG input box and check impedance values. In the event they are above the threshold of 5 Ohm, re-prep the skin.
3.4.1. MED: talent connects the electrodes to the common input of the ExG input box. 
3.4.2. MED over the shoulder: talent checks impedance values.
3.5. Next, place a 70-mm figure-of-eight coil connected to a Magstim 200 stimulator at a 45° angle with respect to the interhemispheric fissure and position it perpendicularly with respect to the central sulcus.  
3.5.1. MED: show as talent is holding the coil & attaches it to the Magstim 200 stimulator.  
3.5.2. MED: talent places the TMS coil on the subject as described above.  
3.5.3. CU: talent orients the TMS coil.
3.6. Assure that the handle is placed so that it is pointing laterally and caudally to induce a posterior-anterior brain current through the precentral gyrus. Then, deliver a single-pulse TMS to the scalp overlying the left primary motor cortex corresponding to the hand region. 
3.6.1. CU: show the coil handle placement as described above. 
3.6.2. MED: talent delivers single-pulse TMS to the scalp over hand region.  
3.6.3. CU: talent switches on the TMS stimulator. 

3.7. Use a 10–20 International System, with the stimulated site corresponding to the C3 location, to establish the optimal scalp position for eliciting motor-evoked potentials in the hand muscles.  Move the intersection of the coil in approximately 0.5 cm steps around the target area and deliver TMS pulses at a constant intensity. 
3.7.1. MED: show as talent uses the 10–20 International System, with the stimulated site corresponding to the C3 location, to establish the optimal scalp position. (authors, alternatively, perhaps a basic figure of the  10–20 International System could be shown here, if this can be provided.)
R: Yes, a basic figure of the  10–20 International System (with the C3 location highlighted in a red circle) has been uploaded, to be presented before demonstration.

3.7.1.1. CU: talent show how to find the C3 location. 
3.7.2. MED: talent moves the coil in approximately 0.5 cm steps around the target area and delivers TMS pulses.
3.7.2.1. CU: talent performs a single-pulse stimulation.
3.7.3. MED: talent checks the monitor for EMG feedback.
3.7.4. CU: motor evoked potentials are shown on the monitor in correspondence to TMS stimulation.

3.8. After the target area has been correctly identified, stabilize the coil using a mechanical support to maintain the position. Then use a neuronavigation system to maintain constant coil-positioning throughout the entire experiment and prevent any bias due to small movements of the participant’s head during data collection.
3.8.1. MED: talent stabilizes the coil using a mechanical support.
3.8.1.1. CU: talent stabilizes the coil’s handle.
3.8.2. MED over the shoulder: talent views/ uses the neuronavigation system to check on the coil-positioning. 
3.9. Also apply passive spherical markers both on the coil and on the participant's head.  Record the marker positions using an optical digitizer in order to reproduce them on the neuronavigation display. 
3.9.1. MED: talent places spherical markers both on the coil and on the participant's head
3.9.2. MED: talent records marker positions using an optical digitizer  (perhaps we can see the neuronavigation system in the background, as points are recorded, if possible) 
3.9.2.1. CU: talents points on the participant’s scalp with a stylus to record landmarks.
3.10. Detect any difference in spatial coil location and orientation and adopt a tolerance of 2 to 3 mm for each of the Cartesian coordinates. Also utilize the three-dimensional online information regarding initial and actual coil placements to allow for exact repositioning of the TMS coil during the experimental session. 
3.10.1. MED over the shoulder: talent uses the system to detect spatial coil location and orientation & adopt a tolerance of 2 to 3 mm for each of the coordinates.
3.10.2. MED over the shoulder: Talent views the 3D online information + CU: talent rotates the head in the display.
3.11. Next, to determine the individual resting motor threshold, or rMT, detect the minimum stimulation intensity necessary to produce reliable MEPs (TEXT ON SCREEN:  ≥ 50 μV peak-to-peak amplitude) in a relaxed muscle in five out of ten consecutive trials.
3.11.1. MED: talent delivers a pulse (or a few pulses) and we see the subject’s hand twitch. (TEXT ON SCREEN:  ≥ 50 μV peak-to-peak amplitude)
3.11.2. CU: talent views responses on the EMG monitor.  
3.12. Keep the stimulation intensity at a fixed value, such as 110% of the rMT, during the entire recording session, and use a bandpass filter of 20 Hertz to 1 kilohertz to record the raw myographic signals. 
3.12.1. MED: show the stimulator set at a fixed value.
3.12.2. MED over the shoulder: show the  bandpass filter on the EMG system (perhaps talent opens up the settings for the bandpass filter)  
4. Experimental Session 

4.1. Begin the experimental session by first recording 10 motor evoked potentials while the participant passively watches a white-colored fixation cross on a black background on the computer screen.
4.1.1. MED: show as MEPs are recorded while the participant passively watches a white-colored fixation cross (try to get an angle where we can see the subjects hand twitch, and see him/he watch the screen.)
4.2. Then, have the subject view the video while EMG data is recorded from the right ADM and FDI muscles and  a TMS pulse is delivered at one of five possible time points on the video.    
4.2.1. MED: show the subject viewing the video as TMS delivered.  

4.3. The first three time points are: when the model’s hand first makes contact with the sugar spoon or thermos (T1). When the model finishes pouring sugar or coffee into the third cup (T2). And when the model begins to pull her hand away from the third cup. (T3). 
4.3.1. LAB MEDIA: Figure 1 – indicate T1 with an arrow after first sentence.  Indicate T2 with an arrow after second sentence. Indicate T3 after third sentence.  
4.4. Then, stimulate at non-social and social conditions respectively, being when the model’s arm begins to return to the starting position or starts moving towards the 4th cup (T4), and when the model’s arm returns to the starting point or when it reaches the fourth cup  (T5).
4.4.1. LAB MEDIA: Figure 1: indicate T4 after first sentence.  Indicate T5 after second sentence.  
4.5. Insert a 10 second rest interval between the videos, and have a message appear during the first five seconds reminding the participant to keep their hands resting quietly and fully relaxed. When the message disappears have a fixation cross appear for the remaining five seconds.  Finally, Record 10 more MEPs at the end of the experimental session.   
4.5.1. MED: show as the subject views the video during a rest period, with hand relaxed. Use 4.1.1.
4.5.2. MED: show as fixation cross appears. Use 4.1.1.
4.5.3. MED: as talent records last 10 MEP’s. Use CU 3.11.2. 
5. Data analysis
5.1. After amplification, digitize the myographic signals and store them in the computer for offline analysis. Calculate the average peak-to-peak MEP amplitudes separately for the ADM and FDI muscles for each condition.  Exclude responses deviating more than 2 standard deviations from the mean.
5.1.1. TILTE SCREEN: first sentence spoken with section title screen 

5.1.2. MED Over the shoulder: talent at a computer, viewing the peak-to-peak MEP amplitudes for the FDI muscle + SCREEN SHOT FOOTAGE.
5.2. Next, check for corticospinal excitability variations related to TMS in each participant. To do this, compare the two series of MEP amplitudes recorded from each muscle during the fixation baseline trials at the beginning and end of the experiment. 
5.2.1. MED: general shot of talent using computer (side view) (get a couple shots like this, used again below in 5.4.2 ). 
5.2.2. MED over the shoulder: talent compares (perhaps looks at results)  the two series of MEP amplitudes recorded from each muscle during the fixation baseline trials at the beginning and end of the experiment. Use LAB MEDIA for data comparison (see powerpoint file 5.2.2.). 
5.3. The average amplitude of the two series can be used to set the individual baseline value for data normalization procedures in each muscle separately. Finally, compute ratio values using the participant’s individual baseline value. (TEXT ON SCREEN: MEP ratio = MEP obtained/MEPbaseline).
5.3.1. MED the over the shoulder: talent sets the individual baseline value for data normalization. Then computes ratio values using the participant’s individual baseline value. Use LAB MEDIA.
5.3.2. MED: generic shot of talent using the computer,  get a couple angle in case one more shot like this is needed above.
6. Results: CS excitability during action observation 
6.1. Observing a two-step action sequence implicitly containing a request for a complementary movement caused a switch from emulation to responsiveness in the onlooker’s corticospinal activity. In the trials carried out, this indicates exactly when the changeover took place.
6.1.1. LAB MEDIA: Figure 2
6.2. Inversely, a variation heralding an emulative action takes place in the observer’s MEPs the moment the model’s wrist started to return to its original position, being the non-social condition.  
6.2.1. LAB MEDIA: Figure 3 
6.3. FDI, as expected, was actively involved in all observed movements and simulated actions.
6.3.1. LAB MEDIA: Figures 4 appears, then Figure 5 (stays on screen a few seconds after narration) 
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj 
7. Conclusion (said by authors on camera)
7.1. Author name Sonia Betti: After watching this video, you should have a good understanding of how to assess the specificity of corticospinal facilitation during action observation by using single-pulse transcranial magnetic stimulation over the primary motor cortex, neuronavigation, and registration of electromyographic activity of hand muscles.
7.2. Author name Luisa Sartori: Once developed, this technique paved the way for researchers to explore motor facilitation effects during action observation in humans. This protocol permits us to study how and when matching mechanisms are transformed into complementary ones when a request for a non-imitative action becomes evident.
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, 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, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


