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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? 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? Steps 3.1 and 3.6
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Steps 3.1 and 3.3
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: The introduction was edited down to adhere to the word limit. Please memorize the interview statements prior to filming)

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to introduce a more precise and effective repetitive transcranial magnetic stimulation method using a neuronavigational system targeting the Broca’s area for patients with post-stroke aphasia.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Paik NJ: This method can help answer key questions in the field of aphasia neurorehabilitation by showing that delivery of rTMS using a neuronavigational system is superior to using a 10-20 EEG system.
1.2. Paik NJ: The main advantage of this technique is that rTMS can be delivered to the optimal target in the brain in order to maximize its effect. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Kim WS: Though this method can provide insight into the application of neuronavigational rTMS on Broca’s area, it can also be applied to other areas of brain, such as M1 for motor weakness or posterior parietal cortex for neglect following stroke.

1.4. Kim WJ: We first had the idea for this method when we recognized errors of TMS targeting during the use of the conventional EEG. Use take 5 or 6
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 Institutional Review Board (IRB) at Seoul National University Bundang Hospital.
Protocol (read by voice talent at JoVE):
2. TMS Preparation
2.1. To determine the resting motor threshold, first place the active electrode on the left first dorsal interosseous, or FDI (pronounced F-D-I), muscle [2.1.1-MED].

2.1.1. Film as written

2.2. Then, deliver 10 consecutive stimulations to the right M1 (pronounced M-1) area at a 4-6 second interstimulus interval [2.2.1-MED], checking the contraction of the left FDI muscle [2.2.2-CU]. 
2.2.1. Film as written

2.2.2.  Show contraction of left FDI muscle.
2.3. Determine the subject’s resting motor threshold [2.3.1-MED-over shoulder] by using the minimum TMS (pronounced T-M-S) intensity at which a peak-to-peak motor evoked potential, or MEP (pronounced M-E-P), amplitude greater than 50 μV is produced at least 5 out of 10 times [2.3.2-SCREEN-TXT].
2.3.1. Talent sitting at the computer. 

2.3.2. *To be provided by author; TEXT: TMS = Transcranial Magnetic Stimulation [Video editor: Show when TMS is mentioned in the VO]
2.4. Next, obtain high-resolution T1-weighted magnetic resonance, or MR (pronounced M-R), anatomical images of the subject using an MR scanner for use with the neuronavigational system [2.4.1-SCREEN-TXT].
2.4.1. *To be provided by author; TEXT: TMS Mapping: MRI Parameters summarized in protocol

2.5. To reconstruct skin structure, obtain the file of the subject’s MR image in standard Digital Imaging and Communications in Medicine, or DICOM (pronounced die-com), format [2.5.1-SCREEN].  
2.5.1. *To be provided by author

2.6. Transfer the DICOM file to the computer in which the neuronavigation program is installed. Then, start the navigation program [2.6.1-SCREEN].
2.6.1. *To be provided by author

2.7. Next, click “Atlas spaces” to set the reference point to reconstruct each image. Find the patient’s anterior commissure of the corpus callosum, just the midline of two hemispheres placed in front of the columns of the fornix. Mark the anterior commissure on the MR image [2.7.1-SCREEN].
2.7.1. *To be provided by author
2.8. Likewise, find the patient’s posterior commissure; the midline of the two hemispheres in the dorsal aspect of the upper end of the cerebral aqueduct [2.8.1-MED-over shoulder]. Mark the posterior commissure on the MR image [2.8.2-SCREEN].
2.8.1. Talent sitting at the computer. Zoom in on posterior commissure.

2.8.2. *To be provided by author
2.9. Next, click “Reconstructions” to make the skin structure. Include the whole skull with the nasal tip and both ears, and then display the skin morphology. Reconstruct the brain curvilinear after skin reconstruction [2.9.1-SCREEN].
2.9.1. *To be provided by author
2.10. Mark the nasion (pronounced naz-i-on), nasal tip, and both tragus to register the anatomical landmarks [2.10.1-MED].
{Comment: 1min 19sec is the start and 1min 40sec is the end of this shot}
2.10.1. *Film as written
2.11. Configure the landmark in order to match the anatomical point between the patient and the reconstructed skin structure. First mark the nasion on the computed skin structure. Then, mark the nasal tip and each tragus on the skin structure [2.11.1-SCREEN]. 
2.11.1. *To be provided by author
2.12. Following this, put the head strap with the subjective tracker on the participant’s head [2.12.1-MED Head and Shoulder]. Ensure that the navigational camera detects and displays all of the tracking system of the subject, chair, and coil before proceeding [2.12.2-SCREEN]. 
2.12.1. *Film as written 
2.12.2. *To be provided by author
2.13. Calibrate the coil tracker with the calibration block of the navigational seating system before every neuronavigational TMS (pronounced T-M-S), stimulation. To do this, click “TMS coil calibration” At the second session, select the coil name used the first time and “Re-calibrate” [2.13.1-SCREEN].
2.13.1. *To be provided by author
2.14. Finally, place the TMS coil horizontally on the standard point posterior of the calibration block [2.14.1-MED CU]. Check that the camera is detecting both the calibration block and coil tracker. Then, “Begin calibration countdown” [2.14.2-MED-over shoulder], and hold the coil still during the 5-second countdown [2.14.3-MED].
2.14.1. *Film as written
2.14.2. *Film as written
2.14.3. *Film as written
3. TMS Mapping
3.1. To begin, identify the anatomical inferior frontal gyrus, or IFG (pronounced I-F-G), based on the surface of the normalized brain [3.1.1-MED-over shoulder]. 
3.1.1. Talent sitting at the computer.
3.2. Register the IFG as the TMS target. Mark the IFG on the window displaying the brain curvilinear. Save the point as “Trajectory”. Then, register landmarks with the subjects scalp and create a new session [3.2.1-SCREEN].
3.2.1. *To be provided by author
3.3. Next, click “Registration” to match the reconstructed brain curvilinear with the subject. Use the previously registered landmark to match the anatomical point with the real anatomical structure [3.3.1-SCREEN]. 
3.3.1. *To be provided by author
3.4. Make sure the camera identifies both the pointer and the subject tracker, displayed in green color [3.4.1-MED]. Point to the subject’s nasion, then to the subject’s nasal tip and sample it [3.4.2-CU]. Repeat until all four landmarks are matched [3.4.3-MED].
3.4.1. *Film as written
3.4.1A was added

3.4.1B was added.
3.4.2. Show pointer on nasion, and then nasal tip.

3.4.3. Show talent matching one landmark.
3.4.3A was added for matching landmarks. Authors also will provide the screenshot (3.4.3 B) for this. Editor can choose the video with higher quality. 
3.5. Check the screen to ensure the coil is on the desired target and is maintained throughout the TMS procedure [3.5.1-MED-over shoulder]. 
3.5.1. [3.6 included] *Film as written

3.6. Ensure that the screen displays the subject’s brain surface, intended target, and the coil, as well as the error range as the coil moves away from the target shown by the bull’s eye [3.6.1-MED-over shoulder]. Use the screen as a reference to adjust the coil on the target as it is moved away [3.6.2-MED]. 
3.6.1. Show screen displaying the subject’s brain surface.
{Comment: Shot size may be changed. We want to hide other areas of screen except brain surface in the computer screen.}
3.6.2. Adjust the coil on the target and show talent looking at the screen as a reference.
3.7. Then, perform TMS over the registered target [3.7.1-MED]. Ensure the camera identifies both the subject tracker and coil tracker [3.7.2-MED-over shoulder SCREEN].
3.7.1. *Film as written
{Comment: Shot size may be changed.}
3.7.2. *Film as written
3.8. Finally, make sure that the screen displays the relative distance and angle of the TMS coil from the registered target, the IFG [3.8.1-SCREEN]. 
3.8.1. *To be provided by author
3.9. Note, if the coil moves away from the target, the distance is marked in red, whereas it is marked in green when the coil is within the intended target range. Obtain the angle between the coil and the target as a bull’s eye as much as possible [3.9.1-SCREEN].
3.9.1. *To be provided by author

4. Results: Navigational TMS produces more precise results than conventional TMS
4.1. This protocol demonstrates that navigational TMS produces higher accuracy for targeting the intended brain area than conventional TMS by eliciting a greater degree of virtual aphasia in healthy subjects during a picturing taming task [4.1.1-LM].
4.1.1. Fig9.tif: Show navigational TMS column of images first, then show conventional TMS column of images. 
4.2. Here, navigational TMS induced a significant delay in reaction time compared with baseline [4.2.1-LM], and a greater consistency of localization of stimulation with the target [4.2.2-LM].

4.2.1. Fig10_revised.tif: Put a box around the two navigational TMS columns. 

4.2.2. Fig11.tiff: Highlight the word ‘Navigation’ in the legend along with the purple dots on the image.

4.3. Furthermore, the distance from the actual stimulation site relative to the target is closer with the navigational TMS than conventional TMS. Thus, the error range is narrower for navigational TMS compared to conventional TMS [4.3.1-LM].


4.3.1. Fig12.tif: Highlight the navigational TMS column (dark column on the right). 
5. Conclusion (said by authors on camera)
5.1. Kim WS: After watching this video, you should have a good understanding of how to perform the neuronavigation guided rTMS to specific target areas of the brain.

5.2. Kim WJ: Once mastered, this technique can be done within 30 minutes if it is performed properly.
5.3. Kim WJ: While attempting this procedure, it’s important to know exactly where you want to stimulate and to find that spot on the brain image in order to set it as the target
5.4. Kim WJ: After its development, this technique paved the way for researchers in the field of neuromodulation by exploring benefits of neuronavigation guided rTMS for treatment of a variety of neurological symptoms in stroke patients in post-stroke neurorehabiliation.
5.5. Paik NJ: Following this procedure, neuronavigational rTMS on other areas of the brain such as for motor weakness or neglect symptoms of stroke can be performed.
5.6. 
Paik NJ: Don't forget that working with TMS can be contraindicated in some cases and precautions should always be taken while performing this procedure to avoid instances of headache, hearing loss, and even seizures.
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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