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A.  Will you require JoVE to record video microscopy through a microscope? N  
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
[1.3, 1.4, 1.5], [2.4.1.2], [2.6], [2.6.1], [2.11], [2.12 – 2.12.4],[3.4]  
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
· Locating the fascia with the biopsy needle and then advancing it into the muscle [2.11]. 
· Locate the incision in the fascia with the tip of the biopsy needle (an acquired “feel”). Advance the needle just past the fascia (again, an acquired “feel”) and then angle the needle downward toward the floor as the needle is advanced into the muscle. 

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to use the modified Bergström technique to take a skeletal muscle biopsy sample from the vastus lateralis of a human volunteer. (Intro) This is accomplished by first anesthetizing the skin and subcutaneous tissue at the biopsy site. (P1) In the second step, an incision is made through the skin, subcutaneous tissue, and fascia overlaying the skeletal muscle. (P2) Next, the biopsy needle is advanced through the incisions into the skeletal muscle and the biopsy sample is collected. (P3) In the final step, the biopsy needle is carefully removed and the incision is closed with surgical adhesive. (P4) Ultimately, the skeletal muscle biopsy samples can be prepared for histological analyses, and analyzed for biochemical alterations and the expression of specific proteins and genes under various exercise conditions. (P5)

(P1) 3.2.1. or 3.3.1 lidocaine being injected
(P2) 3.7.1. or 3.7.2. incision being made
(P3) 3.8.1. or 3.8.2. needle being inserted AND 3.10.2. sample being collected
(P4) 3.12.1. needle being removed AND 3.14.1. surgical adhesive being applied
(P5) Shanely_Figure2.pdf (with “specific proteins” please highlight the bottom two graphs; with “carbohydrates” please highlight the top graph; with “various … conditions” please circle or add arrows or otherwise indicate “Post-Run” and “6% Carbohydrate” texts in top graph)

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Andrew Shanely: This method can help answer key questions in the field of skeletal muscle physiology, such as what are the biochemical, molecular and cellular responses to strenuous exercise?  
1.2. Andrew Shanely: Demonstrating the procedure will be Dr. Gerard Farris, a physician from a local hospital, and Masamichi Tanaka, a technician from our laboratory. 
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Subject preparation
2.1. After obtaining informed consent, instruct the Subject to lie supine on a padded table with the thigh exposed. 
2.1.1. WIDE: Subject signing form while Talent watches (TEXT: Note: Confirm subject has no “caine” allergies)
2.1.2. MED: Talent standing next to table as Subject starts to lie down 
2.2. Position the leg in a relaxed manner with a small towel roll under the heel, such that the knee is fully extended and elevated ~1 cm. 
2.2.1. MED: Few seconds Talent positioning leg with towel under heel
2.2.2. CU: Shot of fully extended knee (Video Editor: with “elevated ~1 cm” if possible, please add line vertical from/between knee to table and “~1 cm” text)
2.3. Next, instruct the Subject to momentarily contract the exposed thigh muscle so that the vastus lateralis biopsy site can be visualized just anterior to the fascia lata, approximately one-third of the distance between the top of the patella and the greater trochanter. 
2.3.1. MED: Talent gestures for Subject to contract muscle, while Subject contracts thigh muscle
2.3.2. CU: Shot of thigh, then muscle contracting (Video Editor: with “can be visualized” please FREEZE FRAME then if possible, circle/outline/otherwise indicate biopsy site; with “anterior … lata” please add arrow/asterisk and “Fascia lata” text; with “top of the patella” please draw a line across top/add arrow pointing to patella with “Patella” text; with “greater trochanter” please add asterisk/arrow and “Greater trochanter” text)
2.4. Then use clippers to remove the hair from an ~15 x 15 cm region around the biopsy site and sterilize the area with swabs pre-soaked with a topical antiseptic.
2.4.1. CU: Few seconds hair being clipped
2.4.2. CU: Few seconds area being swabbed with anitseptic
3. Biopsy Procedure 
3.1. To harvest the biopsy, using proper PPE and aseptic technique, first spray ethyl chloride on the incision site until the skin appears to “blanch.” 
3.1.1. WIDE: Few seconds Talent putting on gloves or putting underpad under Subject’s leg or other appropriate
3.1.2. MED: Few seconds Talent spraying Subject’s leg
3.1.3. CU: Shot of skin blanched/blanching
3.2. Next insert a 25 G needle horizontally into the dermis, aspirate the needle, and dispense ~100 l of lidocaine to produce a 2-4 mm diameter “bleb” under the skin surface. 
3.2.1. CU: Shot of needle entering dermis, then needle being aspirated, then few seconds of lidocaine being dispensed (Videographer: Split action into separate shots as necessary)
3.2.2. CU/ECU: Shot of dermal bleb
3.3. Then advance the needle into the subcutaneous tissue, aspirate again, and dispense ~1 ml of lidocaine to form another bleb. 
3.3.1. CU: Shot of needle entering subcutaneous tissue, then needle being aspirated, then few seconds of lidocaine being dispensed (Videographer: Split action into separate shots as necessary)
3.3.2. CU/ECU: Shot of subcutaneous bleb
3.4. Once the second bleb has subsided, insert the needle into the incision site, stopping superficial to the fascia. Aspirate the needle one last time and then slowly inject the remaining 4 ml of lidocaine while withdrawing the needle from the thigh. 
3.4.1. CU: Shot of needle entering incision site and stopping superficial to fascia (TEXT: Caution: lidocaine is myotoxic), needle being aspirated, then few seconds lidocaine being injected/needle being withdrawn (Videographer: Split action into separate shots as necessary)
3.5. After 2-3 minutes, lightly probe the biopsy site with the tip of a sterile scalpel to confirm anesthetization.
3.5.1. CU: Shot of biopsy site being probed with scalpel
3.6. [moved] [Spoken by Talent, interview style (looking just off camera)]: “Generally, individuals new to this method must be patient as they learn to sense the change in resistance between the subcutaneous tissue and the fascia when administering the local anesthetic and when cutting through the skin, subcutaneous tissue and the fascia.” 
3.6.1. MED: Talent speaking the above, interview style 
3.7. When the site is ready, make a straight 1 cm incision through the skin and subcutaneous tissues at a 45-degree angle with respect to the femur. Then, once in each direction, insert the scalpel deep enough to make an incision through the fascia into the muscle. Generally, individuals new to this method must be patient as they learn to sense the change in resistance between the subcutaneous tissue and the fascia when administering the local anesthetic and when cutting through the skin, subcutaneous tissue and the fascia.
3.7.1. CU: Incision being made through skin and subcutaneous tissues at 45° angle
3.7.2. CU: Shot of at least one incision being made through fascia into muscle
3.8. Now introduce the biopsy needle into the tissue at the same angle that the incision was made until the tip enters the fascia. Advance the needle just past the fascia at a downward angle as it is advanced into the muscle. 
3.8.1. CU: Shot of needle at 45° angle, then few seconds needle entering incision
3.8.2. CU: Few seconds needle being advanced just past fascia at downward angle (TEXT: Note: Subjects may experience mild discomfort/deep pressure/mild cramping)
3.9. Instruct the subject to remain “relaxed” and not to contract the thigh muscle while the needle is being advanced. Then, once the biopsy needle is in position, open a disposable 60 ml syringe to the 40-45 ml mark to create suction within the biopsy needle. 
3.9.1. MED: Talent placing hand on Subject’s knee while Talent nods or other appropriate action to imply “relax the thigh”
3.9.2. CU: Shot of syringe being opened to 40-45 ml
3.10. Pull the inner trocar out approximately 1 cm to open the window of the outer cannula while maintaining the position of the outer cannula within the muscle. Then rapidly close the inner trocar to cut and collect the muscle sample.
3.10.1. CU: Few seconds trocar being pulled out with outer cannula in place
3.10.2. CU: Rapid closing of inner trocar
3.11. Next open the stopcock to release the suction and rotate the biopsy needle 90 degrees, repeating the process up to 3 times for a total of 4 clips. 
3.11.1. CU: Shot of stopcock being opened
3.11.2. CU: Needle being rotated 90°
3.11.3. MED: Talent pulling trocar our OR opening stopcock OR rotating needle
ADDED WIDE SHOT OF PROCEDURE
3.12. Then remove the biopsy needle from the thigh. Upon removal of the needle, apply direct pressure to the biopsy site with sterile gauze and an ice pack for 10-15 minutes. 
3.12.1. MED: Talent applying counter pressure to incision with gauze while removing needle (TEXT: Caution: Do not catch fascia/skin)
3.12.2. CU: Shot of gauze and ice pack being applied to biopsy site
3.13. During this time, pull the inner trocar back 1 cm and visually inspect the lumen of the outer cannula to estimate whether an adequate amount of tissue was collected. Then remove the tissue from the biopsy needle. 
3.13.1. MED: Talent pulling trocar back and looking inside lumen
3.13.2. ECU: If possible, shot of tissue within inner lumen
3.13.3. MED: Few seconds Talent removing tissue from needle
3.14. [bookmark: _GoBack]After icing, pull the incision closed with one hand while applying a single layer of surgical adhesive over the top of the dry incision with the other. After the adhesive cures for about 90 seconds, apply tape closures perpendicular to the incision. 
3.14.1. CU: Few seconds incision being closed, while surgical adhesive is being applied
3.14.2. CU: Few seconds tape closures being applied perpendicular to incision
3.15. Then place three to four 2 x 2 inch non-sterile gauze pads over the incision site and secure them with self-adhering adhesive wrap to apply direct pressure to the tissue.  
3.15.1. CU: Few seconds at least one gauze pad being placed and secured over inicision site
3.16. Finally, give the Subject verbal and written instructions on proper wound care, normal and abnormal reactions, and activity guidelines for the following 1-4 days. 
3.16.1. MED: Talent speaking to Subject and handing written instructions
3.16.2. CU: If possible, shot of written instructions (Videographer: A good headline of text like the paragraph on “Wound Care” or “Activity Guidelines” or similar)
4. Results: Representative skeletal muscle tissue cytokine expression before and after carbohydrate intake
4.1. In a randomized, placebo controlled crossover study, male endurance runners ran on treadmills for 3 hours at 70% VO2max (pronounced Vee-Oh-Two-Max) and consumed a 6% carbohydrate or placebo beverage at a rate of 1 l/hr. Skeletal muscle tissue biopsies were taken pre- and post-exercise, and gene expression of various cytokines were observed to be increased in skeletal muscle tissue obtained from experienced endurance athletes after 3 hours of running. Interestingly, despite having no effect on skeletal muscle glycogen depletion, carbohydrate intake was observed to attenuate IL-6 and IL-8 mRNA levels.
4.1.1. LAB MEDIA: Shanely_Figure2.pdf 
(Video Editor: with “consumed a 6% carbohydrate beverage” please highlight the dark teal/green 6% carbohydrate square in the figure key; 
with “placebo beverage” please highlight the light blue Placebo square in the figure key; 
with “were taken pre-“ please highlight the left column of data bars down all 3 graphs; 
with “and post-exercise” please highlight the right column of data bars down all 3 graphs; 
with “gene expression … running” please highlight the post run data bars in the 2nd and 3rd graphs; 
with “Despite … depletion” please highlight the dark teal/green data bars in the top graph/the top graph; 
with “carbohydrate intake … mRNA levels” please highlight the dark teal bars in the 2nd and 3rd graphs)

5. Conclusion (said by authors on camera)
5.1. Andrew Shanely: After its development, this technique paved the way for researchers in the field of muscle physiology to explore principles such as fuel substrate utilization during different intensities of exercise, exercise-induced muscle damage, and intracellular signaling, among others. 

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.  

Shanely_Figure_1.ai
Shanely_Figure2.tiff


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.
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