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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? Y, Wild MS-C (Preferred) and Zeiss OPMI 1-DFC. 
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most visually important? 
Authors: Please indicate 4-6 steps from the protocol section of the script. 
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.1.2. Lead wires should be coiled carefully and uniformly to prevent lead de-insulation, kinking or breakage. If a coiling machine is not available, prefabricated coiled leads can be obtained commercially. 
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. David Zealear: This protocol can be used to manufacture a simple, economical, and implantable system for the long-term recording of evoked and spontaneous electromyographic potentials [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. David Zealear: The main advantage of this system over conventional chronic EMG recording systems is that the lead wires are coiled and resistant to breakage during movement of the awake animal [1]. 

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Yike Li: The main application of this technique is to investigate the specificity of the reinnervation of laryngeal muscles in the presence of electrical conditioning therapy to avoid synkinesis [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Yike Li: This technology can be applied to other neuromuscular systems for which chronic nerve stimulation and/or EMG recording in awake moving animals is needed [1]. 

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.5. David Zealear: Demonstrating the procedure will be Shan Huang, a research assistant professor of Otolaryngology from my laboratory [1][2].   

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Vanderbilt University Medical Center
	


Section - Protocol
2. Bipolar Recurrent Laryngeal Nerve (RLN) and Superior Laryngeal Nerve (SLN) Stimulus Electrode Cuff Preparation
2.1. Before preparing an RLN (R-L-N) stimulus electrode cuff, cut one 70-centimeter length of Teflon-coated, multi-filament, type 316 stainless steel wire for each cuff [1] and use a coiling device to coil the wires into 12-centimeter-long springs [2]. 
2.1.1. WIDE: Talent cutting wire Videographer/Video Editor: shot will be used again
2.1.2. Talent coiling wire Videographer: Difficult step
2.2. If necessary, stretch the spring to increase its length for each implant site [1].
2.2.1. Talent stretching spring
2.3. Leave 3 millimeters of one end [1] and 10 millimeters of the other end of each coiled lead straight [2] and deinsulate each end [3]. 
2.3.1. One 3-mm end being straightened
2.3.2. One 10-mm end being straightened
2.3.3. End being deinsulated

2.4. Then solder a gold-plated copper female pin onto the 3-millimeter end of each coiled lead [1].

2.4.1. Pin being soldered onto end Videographer/Video Editor: shot will be used again

2.5. To prepare the nerve cuff, cut a 5-millimeter segment of silicone tube from a roll of tubing [1-TXT]. Under the operation microscope, use a 25-gauge hypodermic needle to pierce through the tubing wall 1.5 millimeter from the end and off-center close to the inner wall; backfill the 10-millimeter end of one lead into the tip of the needle and withdraw the needle to deposit the deinsulated portion into the tube [2]. 

2.5.1. Talent cutting segment TEXT: OD = 0.156”, ID = 0.094”; or OD = 3.96 mm, ID = 2.39 mm
2.5.2. (a) Tubing being pierced; (b) Lead being backfilled; (c) Needle being withdrawn (Author Comment: We have combined 2.5.2, 2.6.1 and 2.6.2 in the original script under 2.5.2 in the new script. There are 3 sequential actions designated as (a), (b), and (c). Please attempt to synchronize each of these actions with the respective text.) (Editor: I left the shots in the way the author combined them because I assume that shots 2.5.2 – 2.6.2 were combined, and the way the author has them listed here is hopefully a bit more informative of the timing they want)

2.6. [bookmark: _Hlk30607166][1] [2]. 

2.6.1. Lead being backfilled
2.6.2. Needle being withdrawn

2.7. Bend back the bare wire end outside of the tube [2.7.1a] and twist the wire onto the lead at its point of entry into the tube [2.7.1b] to anchor the lead to the tube [2.7.1c] [2].

2.7.1. a. Wire being bent
2.7.1b. [Added Shot]: Wire being twisted
2.7.1c. [Added Shot]:  End of shot showing the final product
2.7.2. Wire being twisted

2.8. [1] [2].

2.8.1. Talent placing lead under microscope
2.8.2. SCOPE: Second lead being inserted

2.9. In order to insert the second lead 1.5 millimeters from the opposite end of the tube, align the point of entry to that of the first lead [1]. Use the needle to pierce the wall and slide its shaft near the inner wall opposite to the first lead [2]. Backfill the needle with the de-insulated 10 millimeters end and remove the needle [3].

(Author Comment: Shots 2.9.1 – 2.9.3 might have been combined. We are not sure)
2.9.1. SCOPE: Point of entry being aligned
2.9.2. SCOPE: Wall being pierced with needle
2.9.3. [Added Shot]: Backfilling needle with lead and removing needle. (Editor: The author’s comments about the shots being combined makes me believe that this is probably also a scope shot)
2.10. Yike Li: The two stimulus electrodes should form a 45° “V” shape that will straddle the nerve to ensure current delivery through the nerve from the anode to the cathode [1]. 

2.10.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

2.11. Use a pair of curved scissors to make an S-shaped slit in the tube wall opposite the electrode points of entry [1] and use a curved microsurgical needle to insert a length of 6-0 monofilament, nonabsorbable suture into the cuff wall at each end [2].

2.11.1. SCOPE: Slit being made
2.11.2. SCOPE: Suture being inserted

2.12. Combine a blob of medical grade type-A silicone gel with its solvent in an Eppendorf tube and mix on a vortex mixer. Apply the gel prep using a 30-unit insulin syringe to reinsulate all of the exposed bare wire outside of the cuff [1-TXT].

2.12.1. Gel prep being applied TEXT: HEXAMETHYLDISLIOXANE 98%

2.13. To prepare an SLN (S-L-N) stimulus electrode cuff, assemble the cuff as just demonstrated using a smaller-diameter tube [1-TXT].

2.13.1. Talent cutting tube TEXT: OD = 0.125”, ID = 0.062”; or OD = 3.18 mm, ID = 1.57 mm

3. Posterior Cricoarytenoid (PCA) Muscle Electromyography (EMG) Recording Electrode Preparation

3.1. To prepare a PCA EMG (P-C-A E-M-G) recording electrode, assemble a coiled lead for the PCA muscle electrode [1] and solder a female pin onto 3-millimeter end of the lead as demonstrated [2].

3.1.1. WIDE: Use 2.1.1. Talent cutting wire
3.1.2. Use 2.4.1. Pin being soldered

3.2. Use a 25-gauge needle to insert the 10-millimeter end of the PCA muscle lead into the tip of a deep brain stimulation electrode [1] and bend the end of the lead to form a hook [2]. 

3.2.1. End being inserted into DBS electrode [Shots 3.2.1 and 3.2.2 combined]
3.2.2. Lead being bent

3.3. Then clip the lead to provide a total of 5 millimeters of recording length [1].

3.3.1. Lead being clipped

4. Skin Receptacle Preparation

4.1. To prepare a skin receptacle for interfacing the connections between the electrodes and the external equipment, cut two, 17.5-millimeter pieces, each containing eight pin holes, from a single row female pin strip connector [1] and use sandpaper to roughen the external surfaces of each piece [2].

4.1.1. WIDE: Talent cutting piece(s)
4.1.2. Piece being sandpapered

4.2. Use phenol to glue the sanded pieces together in a fume hood [1] and place the resulting double-row connector in a container of 60-80-degree water in the fume hood for 30 minutes [2].

4.2.1. Pieces being glued [Shots 4.2.1 and 4.2.2 combined]
4.2.2. Talent placing pieces into water 

4.3. While the glue is hardening, cut a 25.6-millimeter faceplate from the strip [1]. Drill a hole in the middle of the faceplate [2]. Enlarge the hole with the drill press and a scalpel to make a 5.4- x 17.4-millimeter rectangular hole centered in the middle of the faceplate [3]. Finish and square up the corners of the hole with a file [4].

4.3.1. Piece being cut
4.3.2. Hole being cut drilled
4.3.3. [Added Shot]: Hole being cut with scalpel
4.3.4. [bookmark: _GoBack][Added Shot]: Hole being filed

4.4. When the glue has dried, insert the edge of the double-row connector with the larger diameter holes inside the rectangular hole of the faceplate until it is flush with the faceplate surface [1-TXT]. 

4.4.1. Edge being inserted TEXT: Enlarge hole w/ file as necessary

4.5. Use phenol to adhere the connector to the faceplate [1] and place the assembly into 60-80-degree water [2].

4.5.1. Pieces being glued
4.5.2. Talent placing pieces into water

4.6. When the phenol has hardened, drill a 1.3-millimeter hole into each corner of the faceplate [1] and on each side of the faceplate halfway from each end [2].

4.6.1. Hole being drilled in corner [Shots 4.6.1 and 4.6.2 combined]
4.6.2. Hole being drilled on side

4.7. Cut a 15-millimeter length tube of knitted polyester graft [1] and use a hypodermic needle to thread stainless steel wires through the wall at three positions 3.8-millimeters apart along the length of the graft to fix the tube to the assembly [2].

4.7.1. Tube being cut
4.7.2. Treading wires through the graft tube

4.8. Place equally spaced notches in each corner of the connector to anchor the wires against the assembly surface [1] and use pliers to twist the ends of each wire to cinch the tube to the assembly [2].

4.8.1. Notch being placed
4.8.2. Wire being twisted

4.9. Then make a permanent mark on the polyester patch at one end of the receptacle [1]. 

4.9.1. Mark being made

5. First Implant Surgery Videographer/Video Editor: This section will only be included if a canine cadaver is available on the day of the shoot

(Author Comment: With the exception of 5.6.1, this entire section was not filmed. It will be filmed later or presented as still images provided by the laboratory. Please withhold 5.6.1 until we do a production on this section.)

5.1. After exposing the inferior border of the criocoid cartilege in an anesthetized, 1-2-year old, 20-25-killogram canine [1-TXT], position the stimulus cuff onto each of the bilateral S- and RLNs [2-TXT] and use the enclosed sutures to close the lips of each cuff [3].

5.1.1. WIDE: Talent checking sedation TEXT: Anesthesia: 2-4 mg/kg tiletamine + zolazepam + 3% isoflurane
5.1.2. Cuff being positioned TEXT: See text for full canine preparation details
5.1.3. Cuff lip being closed

5.2. Use a biopsy punch to make a 4-millimeter cartilage window on each side of the anterior surface of the thyroid cartilage [1] and expose the lateral aspects of both of the thyroarytenoid-lateral cricoarytenoid muscle complexes [2].

5.2.1. Window being punched
5.2.2. Muscle being exposed

5.3. Insert the barb of each EMG recording electrode into a 23-gauge needle [1] and use the needle to suture the electrode polyester patch onto the cartilage of the thyroarytenoid-lateral cricoarytenoid muscle complexes [2].

5.3.1. Barb being inserted into electrode
5.3.2. Patch being sutured onto cartilage

5.4. Place the deep brain stimulation electrode with its companion hook‐wire EMG recording electrode underneath the PCA muscle on each side [1] and use an endoscope to confirm that the stimulation produces a vocal fold abduction for each channel [2].

5.4.1. DBS electrode being placed
5.4.2. LAB MEDIA: To be provided by Authors: Shot of vocal fold abduction being produced

5.5. [bookmark: _Hlk9347422]Use 4-0 nonabsorbable sutures to anchor the deep brain stimulation electrodes to the cricoid cartilage [1] and insert all of the wire leads of the nerve stimulation-EMG recording electrodes into the receptacle via their female pins [2].

5.5.1. Electrode being sutured
5.5.2. Leads being inserted

5.6. Use an insertion tool fashioned from a hemostat to press the pins into the holes [1] and use bone cement to seal the inferior surface of the receptacle and to insulate the lead‐pin junctions [2].

5.6.1. Pins being pressed into hole
5.6.2. Surface being sealed 

5.7. When the cement has hardened, place the receptacle at the rostral end of the midline incision [1] and suture the receptacle to subcutaneous tissues via the polyester skirt [2].

5.7.1. Receptacle being placed into incision
5.7.2. Receptacle being sutured

5.8. Then pass the sutures through the faceplate holes to attach the skin edge to the receptacle [1].

5.8.1. Suture(s) being placed 




Section – Results
6. Results: Representative EMG Recordings from Laryngeal Muscles with Normal Innervation

6.1. Here a representative EMG recording from one of the baseline sessions with the RLNs intact is shown [1].

6.1.1. LAB MEDIA: Figure 4

6.2. In a recording from the PCA muscle [1], RLN stimulation produces a stimulus artifact [2] followed by a large evoked EMG potential [3]. 

6.2.1. LAB MEDIA: Figure 4A
6.2.2. LAB MEDIA: Figure 4A Video Editor: please add/emphasize arrow
6.2.3. LAB MEDIA: Figure 4A Video Editor: please emphasize large peak immediately after arrow

6.3. In a recording from the thyroarytenoid-lateral cricoarytenoid muscle complex [1], SLN stimulation produces a stimulus artifact [2] that is followed by a short-latency monosynaptic muscle response [3] and a longer-latency polysynaptic reflex glottic closure response [4].

6.3.1. LAB MEDIA: Figure 4B
6.3.2. LAB MEDIA: Figure 4B Video Editor: please add/emphasize arrow
6.3.3. LAB MEDIA: Figure 4B Video Editor: please emphasize a peak
6.3.4. LAB MEDIA: Figure 4B Video Editor: please emphasize b peak

6.4. In this recording, bursts of spontaneous EMG activity can be recorded from the PCA muscle during normal inspirations [1].

6.4.1. LAB MEDIA: Figure 4C Video Editor: please add/emphasize arrows

6.5. This inspiratory EMG activity increases over the course of carbon dioxide delivery at a slower sweep speed. There is no inspiratory innervation of the thyroarytenoid-lateral cricoarytenoid muscle complex, so no inspiratory potentials should be detected from these muscles [1].

6.5.1. LAB MEDIA: Figure 4D 



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. David Zealear: This technology has been adapted to investigate the impact of electrical conditioning on the reinnervation specificity of rabbit facial muscles and the atrophy of aging rat tongue muscles [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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