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A. Will you require assistance with 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? 2.6-2.7; 2.12-2.13; 4.5 
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The most difficult aspect of this procedure is a functional localization and one of the steps to ensure its success is a choice of optimal experimental parameters through the extensive piloting.

E. Will the shoot take place in more than one location?  No.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following procedure is to investigate causal relationships between brain and behavior. (Intro)   The first step is to prepare the TMS experiment by choosing the stimulation parameters, tasks, and localization method. (P1)  The second step is to localize the stimulation site, customizing it to each individual in order to ensure that the correct brain site is targeted. (P2)  The next step is to conduct the main TMS experiment using either a “virtual lesion” or chronometric approach in order to test whether stimulation affects task performance. (P3)  Results that demonstrate an effect of TMS on behavioral measures, typically in the form of longer reaction times in comparison to performance in control conditions, indicate that the stimulated brain region is a necessary component of normal task performance. (P4)

Video editor:

P1 – Use P1 and have the settings on the screen (Hz, ms and %) come up one at a time.
P2 – Show both sides together.  First,  animate the brown “gun” swinging into position.  At “correct” have the two lit up parts of the screen on the right half light up (keep them dark until now).

P3 – On the left side, first animate the two words show up on the screen.  Then, on the right side, light up the lit parts of the image on the screen (red dot).

P4 – Show P4.  Fade on the bar pairs from left to right.  At “control conditions” the second set of bars should be added.  Then add the third set shortly after.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Sliwinska: The main advantage of TMS over other neuroimaging methods, is that it offers the opportunity to disrupt neural information processing and measure its effect on behavior. In other words, it offers more than a simple correlation and allows one to draw causal inferences between brain and behavior. {Shot 1.1 (2) preferred} 

1.2. Vitello: In addition this method has advantages over traditional causal methods such as patient research by offering a non-invasive alternative approach in which the effects of the “virtual lesion” are temporary, reversible, and more spatially precise. {Shot 1.2 (4) preferred}  

1.3. Devlin: Without extensive piloting, this would be difficult experiment.  The type of stimulation, its’ intensity, the localization method, and more subtle choices, like the orientation of the coil, all effect the outcome of the experiment, and must be optimized. {Shot 1.3 (6) preferred}
Protocol Chapters (read by a voice talent at JoVE):

2. Head Registration and TMS Set Up

2.1. Prior to the TMS session, acquire a high-resolution, T1-weighted MRI scan of the participant. Include the fiducial points for the frameless stereotaxy system: the tip of the nose, the bridge of the nose, and the notch above the tragus of each ear. 
2.1.1. WID: participant in gets loaded into MRI
2.1.2. MED: talent collecting image of patient with MRI

{Use Shots 2.2.1 to cover voiceover in 2.1.}
2.1.3. CU: pointing out the fiducial points on MRI image of participant
2.2. Load the scan into a frameless stereotaxy system and mark the fiducial points and the simulation sites on the participant’s image.  
2.2.1. WID: talent opens scan on stereotaxy system and start marking locations of interest {Use shots 2.2.1 and 2.2.1 (2) where talent opens a scan and shot 2.1.3 where locations are marked}
2.2.2. LAB MEDIA: 51735_Devlin_Figure1.tiff – tip of the nose marked on the participant’s image.
2.2.3. LAB MEDIA: 51735_Devlin_Figure2.tiff – bridge of the nose marked on the participant’s image.
2.2.4. LAB MEDIA: 51735_Devlin_Figure3.tiff – notch above the tragus of the ear marked on the participant’s image.
2.3. Keep the stimulation sites at least 10 millimeters away from each other.
2.3.1. LAB MEDIA:  51735_Devlin_Figure4.tiff – example of stimulation sites marked on the participant’s image.
2.4. At the start of the TMS session, first explain the experimental procedures to the participant so they can give informed consent.  
2.4.1. WID: talent explaining TMS to participant – pointing out illustrations in literature and/or on the TMS machine 
2.4.2. As above, second angle
2.5. Second, ask the participant to complete a TMS safety screening form approved by the Institutional Review Board to make sure they can receive TMS.
2.5.1. WID: talent gives participant the TMS screening form
2.5.2. MED: participant filling out the form
2.5.3. [Added shot] The subjects takes earrings off {Optional}
2.6. Devlin: Permanent contradictions to TMS include a personal or family history of epilepsy, a clinical history of neurological or psychiatric problems, or implanted medical devices such as a cardiac pacemaker or cochlear implants. Not following TMS safety requirements can potentially induce syncope and seizure or damage implanted medical devices. {Shot 2.6.1 (6) preferred}
2.6.1. WID: interview with talent with participant in background filling out the form

2.7. Once the screening is complete, place the subject tracker on the participant’s head.  Then, using the tracker as a reference, touch each fiducial point on the participant’s head with a pointer that comes with the stereotaxy system. 
2.7.1. MED: placing tracker on participant’s head
2.7.2. MED: using the pointer to touch the fiducial points ears – setting the fiduciary points
2.7.3. CU: using the pointer to touch the parts of the nose – setting points Recording fiducial points on the stereotaxy system {This is happening at the same time as 2.7.2} 
2.8. Save the corresponding coordinates to calibrate the participant’s head with the MRI image. Be sure to check the quality of registration and repeat the process as needed.
2.8.1. LAB MEDIA: Figure5a.mov
2.8.2. LAB MEDIA: Figure5b.mov
2.9. Now is also a good time to ask the participant to put in earplugs.
2.9.1. MED: participant puts in earplugs
2.10. Next, set up the TMS equipment according to the protocol. This example uses standard bi-phasic stimulation in conjunction with a figure-of-eight shaped coil. 
2.10.1. MED: setting up TMS equipment, any representative step before setting up coil {Shot 2.11.1 is another one to be used here as it presents the setup of the machine}
2.10.2. CU: setting up the coil, Showing the figure-eight shape of it
2.11. The frequency of stimulation chosen here is 10 Hz and is set to a duration of 500 ms, which is a common choice. The intensity chosen is 55% of the maximum output of the stimulator. Typically, 50 to 70% of maximum is the right power to use.
2.11.1. MED: talent inputs the values for the test {Use only Shot 2.11.2 to cover the voiceover in 2.11}
2.11.2. CU: screen (filmable) showing 10 Hz and 500 ms being set and then showing 55% max power being set {If needed we can take a picture of the screen and send it to you}
2.12. Now, introduce the participant to the stimulation before conducting the experiment.  First, demonstrate it on the researcher’s arm, then on the participant’s arm.
2.12.1. WID: talent working with participant and stimulator, having a discussion,
2.12.2. MED: talent applies stimulation to self
2.13. Next, demonstrate the stimulation on each testing site. The coil should be oriented tangential to the scalp such that the line of the maximum magnetic flux intersects the stimulated site. Monitor the position of the coil throughout the experiment.
2.13.1. CU: placing coil at a testing set on participant and orienting coil correctly {Shot 2.13.1 (3) shows nicely the orientation of the coil AND its monitoring and 2.13.1 (2) the close up of this procedure on the screen}
2.13.2. CU: other angle of above, showing coils in tangent to scalp (side view of coils) {Shot 2.13.1 and 2.13.2 (refer to the same action) should be presented before 2.13.1 (2,3)}
2.13.3. MED: talent giving holding stimulator to participant and having discussion with participant
2.14. In some cases, this can lead to discomfort that can be ameliorated by adjusting the orientation of the coil. If the participant does not tolerate the stimulation, then testing must be stopped, but this is not common.
2.14.1. WID: participant points out to talent that there is discomfort (facial expressions should show stress), talent listens
2.14.2. CU: talent adjusts the orientation of coil, like 2.13.2 
2.14.3. WID: talent applies a stimulus and the participant explains that the feeling is okay using a thumbs-up
3. Localization of Testing Sites

3.1. Use a localizer task that taps into the cognitive function of interest and has a measurable behavior such as reaction time, accuracy or eye-movements. Create multiple versions of the task to avoid repeating the stimuli.
3.1.1. WID: talent starts explains the localizer task program, show screen that participant views in the show
3.1.2. MED: participant and screen with task instructions, participant does several tasks
3.1.3. MED: as above, second angle

3.2. In the first practice session let the participant practice the task without stimulation.
3.2.1. WID: as 3.1.2 – participant doing task
3.3. In the next practice session, introduce TMS pseudo-randomly to 50% of the trials {For this line use WID 3.3.1 – 3.3.2 with audio as they show randomly applied stimulation}. After the practice sessions, conduct the localization task on the first stimulation site {For this line a short clip showing selected site on a computer can be used, e.g. the very beginning of Shot 3.6.1}.
3.3.1. WID: as 3.2.1
3.3.2. MED: as 3.3.1 – this is pretty monotonous shot description, but we essentially need a lot of different, creative footage of the participant running through the tasks.  Be creative with your angles and try and show as many tasks as possible
3.4. Immediately check if TMS affected the participant’s performance by, for example, producing longer reaction times compared to the no TMS condition.  Choose sites where TMS produces a consistent, reasonable and site-specific effect.  
3.4.1. LAB MEDIA: Figure 7 {4.1.1 should be presented here}
3.5. Sliwinska: Sometimes an “incorrect” site will actually facilitate responses relative to no stimulation due to inter-sensory facilitation. In addition, large effects of stimulation are often artifactual and require re-testing. 
3.5.1. WID: talent speaks to camera, participant set up in task in background {Shot 3.5 preferred}
3.6. Test multiple sites back-to-back in the same session and be sure to counterbalance the order that sites are stimulated across participants
3.6.1. WID: talent changing the site of stimulation on participant

3.6.2. MED: moving the stimulation coil around between sites on participant
4. Running the Main Task
4.1. After localization and in the same session, run the main experiment using the stimulation site that was functionally localized.  
4.1.1. [moved] WID: talent reviewing the data
4.1.2. WID: talent adjusting the stimulation site on participant {continuation of Shot 3.6.2 here to cover the 4.1 voiceover}
4.2. Use a different task from the one used for localization, but one that shares the key process of interest. For example, a rhyme judgment task for localization and a homophone judgment task for the main experiment. Both tasks here require phonological processing of written words, although the specific task demands and stimuli differ.
4.2.1. WID: talent changing the task on the program will run
4.2.2. MED: as 3.1.2, new task {Use audio here to present a different type of stimulation}
4.2.3. CU: tasks as they are seen to the participant framed by the screen border
4.3. To demonstrate functional specificity of the testing site, include a task that does not include the process of interest.
4.3.1. MED: talent changing task to a control task, not to do with phonological processing
4.3.2. CU: like 4.2.3, but non-phonological processing task

4.4. Also test a control site to demonstrate anatomical specificity of the effect.
4.4.1. MED: talent pointing out a control site on scan
4.4.2. CU: the location of control site
4.5. Now, conduct either a traditional “virtual lesion” experiment using the same TMS parameters as during localization …
4.5.1. Reuse 2.11.2

4.6. … and/or a chronometric TMS experiment which replaces the train of pulses used during localization with a single or double  pulse delivered at different time points.
4.6.1. MED: changing settings on the TMS for a chronometric  stimulation
4.6.2. CU: TMS setting screen being reset for double or triple pulse 
5. The Supramarginal Gyrus (SMG) and Phonological Processing
Authors, I had to shorten the narrative to meet a length limit of 200 words for section 5.

5.1. This investigation tested whether the left supramarginal gyrus is causally involved in processing the sounds of words.  Five pulses of repetitive TMS delivered at 10 Hz and 55% of maximum intensity were delivered to the supramarginal gyrus during three tasks, each with 100 trials.

5.1.1. LAB MEDIA: 51735_Devlin_Figure8.tiff 
5.2. A phonological task focused attention on the sounds of words.

5.2.1. TEXT: Do these two words sound the same? Knows – nose.
Video editor: present the text over a white backdrop here and in the subsequent TEXT shots.
5.3. Trials with TMS have significantly longer reaction times than trials without TMS, indicating that TMS disrupted phonological processing.

5.3.1. LAB MEDIA: 51735_Devlin_Figure9.tiff

5.4. A semantic control task focused on the meaning of words.

5.4.1. TEXT: Do these two words mean the same thing? Idea - notion
5.5. Trials with TMS do not differ significantly from the trials without TMS, indicating that TMS did not significantly disrupt semantic processing.  TMS to the supramarginal gyrus selectively affected phonological, but not semantic, processing. 
5.5.1. LAB MEDIA: 51735_Devlin_Figure10.tiff

5.6. An additional control task presented pairs of consonant letter strings and asked whether they were identical.

5.6.1. TEXT: wsrft - wsrft. 

5.7. Again, TMS did not affect performance on this control task. All together, stimulation of the left SMG selectively interfered with processing the sounds of words.
5.7.1. LAB MEDIA: 51735_Devlin_Figure11.tiff

5.8. Next, the temporal dynamics of SMG involvement in phonological processing was investigated using the same task.  Double pulses of TMS were delivered at five different time windows after stimulus onset. 
5.8.1. LAB MEDIA: 51735_Devlin_Figure12.tiff

5.9. When compared to the baseline condition …
5.9.1. LAB MEDIA: 51735_Devlin_Figure13.tiff

5.10. … there was a significant increase in reaction times when TMS was delivered in the three later time windows. The results suggest SMG engagement in phonological processing begins early, and is sustained for about 100 milliseconds.

5.10.1. LAB MEDIA: 51735_Devlin_Figure14.tiff
6. Conclusion Interview (spoken by you on camera)
6.1. Sliwinska: It’s important to remember that TMS protocols have a large number of free parameters and choosing the optimal stimulation parameters is critical to produce robust effects.  So, the experiment requires extensive piloting. {Shot 6.1 (2) preferred}
6.2. Vitello: Once all parameters are chosen, the experiment can be done in about an hour depending on, for example: the time that each participant needs to get comfortable with the stimulation as well as the time required for successful localization. {Shot 6.2 (2) preferred}
6.3. Devlin: Most importantly, safety considerations must always be taken into account when designing a TMS experiment.  So, the length of the experiment, number of trials, number of conditions and stimulation sites must be limited. {Shot 6.3 (3) preferred}
List of Provided Media Filenames and Descriptions
2.2 – 51735_Devlin_Figure1.tiff – tip of the nose marked on the participant’s image.
2.2 – 51735_Devlin_Figure2.tiff – bridge of the nose marked on the participant’s image.
2.2 – 51735_Devlin_Figure3.tiff – notch above the tragus of the ear marked on the participant’s image.
2.2 – 51735_Devlin_Figure4.tiff – example of stimulation sites marked on the participant’s image. 
2.7 – 51735_Devlin_Figure5a-b.mov – check of the registration quality.
2.13 – 51735_Devlin_Figure6.mov – using software to navigate and monitor the coil position on the participant’s head.
3.4 – 51735_Devlin_Figure7.tiff – graph illustrating the effects of TMS on reaction times

5.1 – 51735_Devlin_Figure8.tiff – graph with no bars
5.3 – 51735_Devlin_Figure9.tiff – graph with bars for the phonological task only

5.5 – 51735_Devlin_Figure10.tiff – graph with bars for the phonological and semantic tasks
5.7 – 51735_Devlin_Figure11.tiff – graph with bars for all the three tasks
5.8 – 51735_Devlin_Figure12.tiff – graph with no bars 

5.9 – 51735_Devlin_Figure13.tiff – graph with bars for the 40/80 time window only

5.10 – 51735_Devlin_Figure14.tiff – graph with bars for all five time windows

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.

( 2014, Journal of Visualized Experiments


