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Questionnaire Responses:
A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) _Y__ 


ii) Some actions you demonstrate may contain a lot of small detail but not ordinarily require the use a microscope.  Under such circumstance it can be advantageous to film such actions via a low magnification stereoscope.   Please list any such steps which will be filmed.


4.3  4.4  4.6  5.2  5.3  8.3 - Optical microscope, Fisher Scientific (15-000-101)

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

E.
Will the filming need to take place in multiple locations? (Y/N) _N__

1. Introduction  
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this protocol is to fabricate flat-interface cuff electrodes to use in neural interface applications. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dominique Durand: The use of flat-interface cuff electrodes can help solve problems in the field of neuroprosthetics, such as how to record the intent to move a limb from the nerves.
1.2. Yazan Dweiri: Even though the cuff electrodes have submillimeter features, they can still be made reliably by hand, and the design is flexible: it can be easily customized to many different neural interface applications. 
Protocol (read by voice talent at JoVE):
Authors, to meet length limitations I had to remove most of the Preparations section and I combined a few preliminary preparation instructions into the Contact Placement section.

2. Contact Placements
2.1. In preparation, place the contacts onto the electrode, secure welds to the contact frame [1.WID-TXT], and enclose all the spot welding points between the bent leads.  [2.CU-TXT] 
2.1.1. Establishing shot of talent doing some welds, TEXT: See the text protocol for details.
2.1.2. Bending leads over a weld, TEXT: See the text protocol for details.
2.2. Then prepare a diagram to guide the process. [CU]
2.2.1. Placing diagram and transparency piece on plate and taping them into position, TEXT: See the text protocol for details.
2.3. Now, to start placing the contacts, first cut a 5-cm square piece [1.MED] out from a 5-millimeter-thick silicone sheet, and carefully place it on the transparency layer [2.CU] without trapping air bubbles. [3.ECU]
2.3.1. Establish talent working with silicone sheet

2.3.2. Completing cuts to remove piece of silicone sheet

2.3.3. Carefully placing piece of silicone over transparency
2.4. Then, prepare 2 grams of uncured silicone, and degas it in a vacuum chamber for 3 minutes. [1.MED] Release and reapply the vacuum periodically so trapped air can escape. [2.ECU]
2.4.1. Weighing out silicone and placing it in vacuum chamber

2.4.2. Bubbles rise to silicone surface in vacuum chamber
2.5. Now, using the dental pick, apply a thin line of uncured silicone on the silicone sheet along the midline of the spacer segments according to the guide.  [SCOPE]
2.5.1. Film as written, scope view for detail
2.6. Then, adhere the prepared spacer components onto their designated regions, by pressing them onto the silicone sheet. [1.SCOPE]
2.6.1. Film as written, scope view for detail
2.7. Now, place the silicone in a pre-heated 130 ºC isotemp oven for 30 minutes followed by cooling for 10 minutes. [WID-TXT]
2.7.1. Following shot of talent taking silicone from degasser to oven, TEXT: 130 ºC, 30 min  RT, 10 min
2.8. Now, place the reference contacts in their designated locations [1.ECU], with the weld points up and the contact leads routed towards the midline of the cuff to exit at the far end.  [2.SCOPE]
2.8.1. Top view of placing reference contact in position

2.8.2. Placing reference contact again, with detail of showing weld point up and lead routed to the midline, as seen from scope
2.9. After ensuring correct positioning, press the contacts down onto the silicone layer [1.ECU] and deposit uncured silicone into the through-holes. [2.ECU]
2.9.1. Pressing the contacts down onto the silicone layer

2.9.2. Applying uncured silicone to through-holes
2.10. Next, temporarily secure the leads with tape [1.ECU], and cure the silicone at 130 ºC for 90 minutes, or overnight at room temperature. [2.MED]
2.10.1. Applying tape to leads

2.10.2. Placing assemblage into 130 ºC oven and starting a 90 min countdown timer
2.11. Once the reference contacts are secured with silicone, [1.MED] use the same technique to attach the center contact array. [2.ECU]
2.11.1. Cutting silicone piece for center array

2.11.2. securing center array in position and adding uncured silicone 

2.12. Importantly, the center contacts must be placed precisely to get a high quality recording.  Proper routing of the leads to the designated exit sites is also critical. [SCOPE]
2.12.1. Pan around center contact positioning using the scope view, and show how leads are routed to exit site
2.13. After adding the securing tape [1.ECU], place a small fixture bar across the center of the electrode and clamp it down to the plate [2.ECU] to totally secure the middle contacts while the silicone cures. [3.MED-TXT]
2.13.1. Adding tape to center contact leads
2.13.2. Applying the fixture bar and securing it with clamp

2.13.3. placing assemblage into oven, TEXT: 90 min at 130 ​ºC or O/N at RT
3. Embedding the electrode components
3.1. Once cured, [1.MED] remove the small fixture bar and gently remove the transparent sheet to expose the middle contact arrays. [2.ECU]
3.1.1. Establish talent working with device

3.1.2. Removes fixture bar and transparent sheet, showing middle contact arrays
3.2. Then, remove all the tape securing the leads for the references and middle contacts. [ECU]
3.2.1. Film as written
3.3. Now, cut a square piece of transparency [1.CU] that has the same width as the electrode and is 5-cm in length. [2.CU]
3.3.1. Cutting transparency piece

3.3.2. Placing piece next to electrode to show its dimensions
3.4. Then, cut a square piece of silicone sheet [1.CU] that can cover the entire electrode surface. [2.CU]
3.4.1. Cutting silicone sheet

3.4.2. Placing silicone sheet over electrode to show its dimensions
3.5. Now, lay this silicone over the piece of transparency [1.CU], and stretch it flat to remove any irregularities, and to prevent air bubbles from being trapped. [2.ECU]
3.5.1. Film as written

3.5.2. Film as written, focusing on removal of trapped air and irregularities
3.6. Next, cut four pieces of silicone tubing, each 5 cm long, [1.CU] and place them at the exit sites, following the diagram.  Leave a 2-mm gap between the edge of the electrode and the tube. [2.ECU]
3.6.1. Cutting pieces of tubing

3.6.2. Positioning tubing at exit sites use an angle that clearly shows the width of the described gap
3.7. While holding down each pair of tubes with tweezers, tape down the tubes starting at 1 mm away from the tube end. [CU]
3.7.1. Securing and taping pair of tubes, as described

3.8. Now, arrange the leads of the middle contacts and the references into bundles. [ECU]

3.8.1. Film as written

3.9. Then, pass them through the corresponding tube near the exit sites. Do this for all the tubes. [ECU]
3.9.1. Feeding the bundles of leads through different tubes 
3.10. Next, from a vacuumed mixing container or a syringe, [1.CU] slowly deposit a generous amount of uncured silicone over the entire electrode body. [2.ECU]

3.10.1. Loading vacuumed mixing container or a syringe with silicone
3.10.2. Depositing silicone on electrode 
3.11. Now, place the silicone and transparency structure onto the uncured silicone. [1.CU] Align the transparency piece with the electrode while keeping the silicone sheet adhered to it. [2.ECU]

3.11.1. Placing silicone and transparency structure over the uncured silicone
3.11.2. Aligning the electrodes
3.12. Then, tape down the transparency and apply light pressure to remove any trapped air bubbles. [CU]
3.12.1. Securing with tape and pressing out bubbles
3.13. Finally, place the large fixture bar across the center of the electrode and over the transparency segment.  [CU]

3.13.1. Positioning bar as described

3.14. Then clamp it down to the base plate with moderate pressure and fully cure the silicone. [CU-TXT]
3.14.1. Clamping down bar, TEXT: 90 min at 130 ​ºC or O/N at RT
4. Applying Shielding and Completing the Electrode

4.1. To add a shielding layer, [1.MED] remove the large fixture bar and remove the transparency piece with tweezers. [2.CU]
4.1.1. Establish talent arriving to bench with apparatus

4.1.2. Film as written
4.2. Then, place the shielding sheet [1.CU] in the center of each face of the electrode and gently press it into the electrode. [2.ECU]
4.2.1. Establish positioning of shielding sheet over electrode
4.2.2. Show precise placement of shielding and pressing it on
4.3. Then deposit some uncured silicone into the through-holes [1.ECU] and partially cure it for 30 minutes at 130 ºC. [2.MED]
4.3.1. Depositing silicone into through holes

4.3.2. Placing apparatus into oven and starting 30 min timer
4.4. Once cooled to room temperature, place adhesive tape over the outer ends of the electrode and over the closing flanges to keep silicone out of these segments.   [ECU]

4.4.1. attaching tape as described

4.5. Then, repeat the process of adding a layer of silicone to cover the entire electrode body. [ECU]
4.5.1. Adding more silicone as described
4.6. After curing, to complete the process, remove the excess silicone and the tape. [ECU] 

4.6.1. Film as written

4.7. Then, cut windows through the silicone to expose the spacer segments and use tweezers to remove the spacer segments. [ECU]
4.7.1. Film completion of cutting windows to expose spacers and removal of spacers
4.8. Next, under a microscope, remove the tape and silicone over the tubes, until it is level with the electrode body. [SCOPE]
4.8.1. Film as written, scope shot
4.9. Then, carefully cut around the perimeter of the electrode down to the base plate. [CU]
4.9.1. Film as written
4.10. Now, taking caution to not damage the electrode, follow the guide diagram to shape the leads’ exit sites.  Cut out a triangle between each tube-pair [1.ECU] that goes completely through the base plate, and on to the outer side. [2.CU]
4.10.1. Cutting triangles according to guide diagram
4.10.2. Flips over apparatus and checks cuts that should pass through apparatus

4.11. Now, cut windows into the silicone that covers the shielding layer. Then, glide the polypropylene suture between the electrode base and the adjacent transparent layer and use it to delaminate the nearly finished cuff electrode. [ECU]
4.11.1. Film as written – feeding suture and then delaminating with suture
4.12. Finally, cut windows out of the silicone to expose the center contacts and reference contacts. [ECU]
4.12.1. Film as written
5. Results: 7.5-Month Study of FINE Electrode Functionality 
5.1. A fabricated FINE (pronounce as “fine”) electrode was studied on the sciatic nerve of a dog over 7.5 months.  A customized pre-amplifier and a super-β input instrumentation amplifier we implemented.
5.1.1. Fig 3A – photo, nothing to animate
5.2. The electrode was implanted around the nerve by suturing the two free edges together. The cuff flattened the nerve while retaining flexibility in the longitudinal direction. 
5.2.1. Fig 3B – photo, nothing to animate
5.3. The physiological response to pressure levels inside the cuff was measured.  At 67 mm of mercury the limit of expansion for a nerve is 1.5 times the cross section area.  The electrode, at this pressure, expanded the nerve 1.25 times.
5.3.1. Fig 4 – animate the addition of the blue and red data line from left to right, completing the line at “at this pressure” 
5.4. Several parameters were periodically measured during the chronic implant duration.  Signal-to-noise stayed steady for the entire 7.5 months.
5.4.1. Fig 5B – show the grid and Y-axis scales, but only add the Y-axis label on the top graph, then draw the data for the top graph from left to right, spanning the narrative time.
5.5. Contact impedance, measured at 1 kHz, also remained stable. 
5.5.1. Fig 5B – now add the lower left Y-axis label and draw on the black data line on the bottom graph 
5.6. Finally, there were never more than two inactive contacts, which would always be due to bad connections between the electrodes and the amplifier.
5.6.1. Fig 5B – now add the red Y-axis label and draw on the red data points, followed by the dotted red line
6. Conclusion (said by authors on camera)

6.1. Yazan Dweiri: After watching this video, you should have a good understanding of how to fabricate similar flat multicontact nerve electrodes, and be able to adjust the design to meet your end application requirements. 
6.2. Dominique Durand: The use of these electrodes has paved the way for researchers in the field of neuroprosthetics to record voluntary signals from nerves.

Provided Media

PNG files for all the results section graphics have been uploaded to the project folder and named sensibly. 
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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