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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N____ If yes, please list make and model of your microscope: ______________________________
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
 2.2, 2.4, 2.6, 2.8, 3.1 and 3.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Either consistent salt fusion (success ensured by the slow addition of water (2.2)) or a uniform polydopamine coating (success ensured by the scaffold placement in solution (3.1))
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:

The overall goal of the following experiment is to fabricate a shape memory polymer, or SMP, scaffold that is capable of “self-fitting” into an irregular cranio-maxillofacial defect in order to promote osseointegration and healing. (Intro)
This is achieved by first forming a fused salt template. Use of solvent-casting and the photochemical cure of polycaprolactone diacrylate (Pronounced: pol-lee-CAP-roh-lack-tone die-ACK-rill-ate) over the salt template forms a scaffold with the highly interconnected porosity required for osteoconductivity. (C1 Use 52981_Grunlan_Schematic.pptx: Start with the far left cylinder and label the contents as “Salt” have the cylinder fill with “Water” and then empty leaving the third cylinder from the left and label the contents “Fused template”. Have the cylinder fill with orange solution like the fourth cylinder from left and label it “Macromer/DCM”. Have the cylinder disappear and the small orange cylinder with white contents appear, label as “Scaffold.”)
As a second step, the scaffold is coated with polydopamine, which provides bioactivity. (C2 Use 52981_Grunlan_Schematic.pptx: Have the small orange cylinder with white contents move into the into the beaker of fluid labeled “Polydopamine solution” then have the beaker of fluid disappear and a label “heat” appear as the cylinder turns from orange to grey and a new label “Coated scaffold” appears.)
NOTE: The grey cylinder signifies a coated scaffold (unrelated to heating). The cylinder should become grey while in the beaker or immediately as the beaker disappears.
Next, the coated scaffold is treated with warm saline, which allows it to be press-fitted into an irregular model defect. (C3 Use 52981_Grunlan_Schematic.pptx: Have the coated scaffold cylinder move into a beaker of liquid (Resource ID 1340) labeled “Warm saline” then move out of the beaker and over the image of the model defect top frame without the brown circle. Then have the image of a hand (Resource ID 3239) appear over the top of the cylinder as “press fitted” is said. Have all the images disappear and the bottom panel of the model defect appear.)
Results are obtained that show self-fitting, pore interconnectivity, and bioactivity based on press-fit results, scanning electron microscopy imaging, and the in vitro formation of hydroxyapatite. (C4 Use 52981_Grunlan_Schematic.pptx: Start with the bottom panel of the model defect. Then have the electron micrographs appear and label the top panel “Pore interconnectivity” and the bottom panel “Bioactivity” as each are mentioned in turn.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)
1.1. Melissa Grunlan: The main advantage of this technique over existing methods, such as autografting, is that the conformal fitting achieved critically supports osseointegration and bone healing.
1.2. Melissa Grunlan: Demonstrating the procedure will be Lindsay Nail, a Ph.D. student researcher from my 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. Preparation of the shape memory polymer (SMP) scaffold
2.1. To begin preparation of the scaffold, first sieve sodium chloride through a 425 µm sieve and transfer 1.8 g of it into a 3 ml glass vial.
2.1.1. MED: Talent sieves salt (TEXT: Particle size ~460 ± 70 µm in diameter).
2.1.2. CU: Talent transfers some into a vial.
2.2. In four portions, slowly add 146 mg of deionized water to the vial, mixing with a metal spatula after each addition.
2.2.1. CU: Talent pipettes water into the vial and mixes with a metal spatula (x 2).
2.3. Cap the vial, wrap it in tissue and place it vertically into a centrifuge tube. Centrifuge the tube for 15 minutes before de-capping and letting the solution air-dry overnight.
2.3.1. CU: Talent wraps the capped vial in tissue and places upright into a centrifuge tube.
2.3.2. MED: Talent transfers the tube to a centrifuge. (TEXT: 3,220 x g)
2.3.3. MED: Talent removes the vial from the tube, opens the cap and places it in a rack fume hood.
2.4. After synthesizing PCL-DA as indicated in the text protocol, prepare a macromer solution containing 150 mg of PCL-DA per ml of dichloromethane in a glass vial. Cap the vial, wrap it in foil, and vortex it for 1 minute.
2.4.1. MED: Talent carries container with PCL-DA clearly labeled to the bench (TEXT: PCL-DA: Polycaprolactone diacrylate)
2.4.2. CU: Talent places PCL-DA into a glass vial and adds dichloromethane.
2.4.3. MED over the shoulder/CU: Multiple usable takes of talent vortexing the foil wrapped vial.
2.5. Next, prepare a photoinitiator solution containing 115 mg of DMP in 1 ml of 1-vinyl-2-pyrrolidinone (Pronounced: one-vigh-nell-two-peer-roh-lid-in-known) in a glass vial. Again, cap the vial, wrap it in foil, and vortex it for 1 minute.
2.5.1. CU: Talent adds 1-vinyl-2-pyrrolidinone to a glass vial containing DMP (TEXT: DMP: 2,2-dimethoxy-2-phenyl acetophenone).
2.5.2. Use shot 2.4.3  This glass vial is 3 mL (rather than a 20 mL vial), so we added another vortexing shot similar to 2.4.3.
2.6. Pipette the photoinitiator solution into the macromer solution to make a 15% by volume mixture, and vortex the vial for 1 minute. Next, wrap the vial containing the salt scaffold in foil and add the photoinitiator/macromer mixture until the salt is covered.
2.6.1. CU: Talent pipettes solution from the photoinitiator vial into the macromer solution.
2.6.2. Use shot 2.4.3.
2.6.3. MED: Talent wraps vial in foil.
2.6.4. ECU: Talent adds photoinitiator/macromer mixture until the scaffold is covered.
2.7. Cap the vial, wrap it in tissue, and place it vertically into a centrifuge tube. Centrifuge the tube for 10 minutes.

2.7.1. MED over the shoulder: Talent wraps the tube in tissue and places it in a centrifuge tube.
2.7.2. MED: Talent transfers the tube to a centrifuge. (TEXT: 1,260 x g)

2.8. Next, remove the foil, uncap the vial and expose the solution to ultraviolet light for 3 min. Then allow the solution to air-dry overnight.
2.8.1. CU: Talent uncaps the vial and places it in front of a UV lamp (TEXT: 365 nm, 25 W).
2.8.2. MED: Talent removes the vial from in front of the lamp and places it in a rack on bench.
2.9. Score and fracture the glass to remove the top of the vial… Using tweezers, transfer the scaffold in a 1 to 1 water/ethanol solution for 4 days, changing the solution daily. Finally, remove the SMP scaffold and air dry it overnight.
2.9.1. ECU/CU: Showing the top of the vial, the talent scores the top and fractures the vial.
2.9.2. CU: Talent removes the scaffold with tweezers and places it in a beaker of aqueous ethanol.
2.9.3. CU: Talent removes the scaffold from the beaker with tweezers and places on the bench to dry.
3. Applying the polydopamine coating to the SMP scaffold
3.1. To apply the polydopamine coat, first insert a 20 gauge needle halfway through the SMP scaffold and then wrap a wire around the needle hub. Submerge the scaffold in 200 ml of a stirring dopamine solution, and keep the needle hub above the solution by anchoring the wire to the rim of the beaker
3.1.1. CU: Focusing on the SMP scaffold the talent inserts a needle and wraps a wire around the hub
3.1.2. MED over the shoulder: Talent submerges scaffold and anchors the wire to the rim of the beaker containing the dopamine solution. (TEXT: Dopamine Hydrochloride: 2 mg/mL in 10 mM Tris, pH 8.5, 25 ⁰C)
3.1.3. ECU: Showing the needle hub just above the solution in the beaker
3.2. Next, place a syringe into the needle hub and pull the plunger to remove air from the scaffold. Once completely degassed, leave the scaffold submerged for 16 hours.
3.2.1. CU: Talent places a syringe into the needle hub and slowly pulls on the plunger. Talent then removes the syringe from the needle.
3.3. Remove the scaffold from the solution and take out the needle. Then rinse the scaffold with deionized water, and dry it in a vacuum oven at room temperature for 24 hours.
3.3.1. MED over the shoulder: Talent removes the scaffold from the solution and takes out the needle.
3.3.2. CU: Talent washes the scaffold with water.
3.3.3. MED: Talent transfers the scaffold to a vacuum oven.
3.4. Place the scaffold in a drying oven at 85 ºC for 1 hour. Finally, remove the scaffold and allow it to cool to room temperature.
3.4.1. MED: Talent places the scaffold in an oven.
3.4.2. MED Talent removes the scaffold from the oven and places it on the bench.
4. Demonstrating the self-fitting behavior of the SMP scaffold
4.1. First, prepare a defect model by drilling an irregular void with an average diameter of approximately 6 mm in a 5 mm thick sheet of rigid plastic.
4.1.1. MED: Talent places a plastic sheet with a void drilled into in onto the bench.
4.1.2. ECU: showing the void in the sheet.
4.2. Then submerge the SMP scaffold in a beaker of deionized water at approximately 60ºC for 2 minutes.
4.2.1. CU: Talent places the SMP scaffold into a beaker of water.
4.3. Test that the scaffold is noticeably softened by using tweezers to manipulate its shape.

4.3.1. ECU: Talent uses a pair of tweezers to manipulate the shape of the scaffold.
** Starting here, a larger scaffold/defect model was used for better visualization.
4.4. Remove the softened scaffold from the water with tweezers, and press it by hand into the defect model.
4.4.1. MED over the shoulder: Talent removes the scaffold from the beaker with tweezers and places it on the plastic sheet.
Add (TEXT: Larger scaffold (~12 mm diameter) used for demonstration.)

4.4.2. CU: Talent presses the scaffold into the void in the plastic sheet.
4.5. Allow the scaffold to cool to room temperature, and then remove it from the defect model.

4.5.1. CU: Talent removes the scaffold from the void with tweezers.
4.6. Observe the new, fixed temporary shape.
4.6.1. ECU: Talent holds up the scaffold and turns it around while viewing from different angles.
5. Characterization of the SMP scaffold using scanning electron microscopy
5.1. To visualize pore interconnectivity and size, first submerge the SMP scaffold in liquid nitrogen for 1 min using tweezers. Then fracture the scaffold along the middle with a clean razor blade.
5.1.1. CU: Talent places the scaffold into liquid nitrogen using tweezers.
5.1.2. ECU/CU: Talent fractures the scaffold with a razor blade.
5.2. Next, fix one of the scaffold halves with the fractured surface facing up onto the sample stage using carbon tape.  Sputter coat the scaffold with gold and platinum alloy to approximately 4 nm in depth.
5.2.1. ECU/CU: Talent fixes the scaffold half onto the sample stage with carbon tape.
5.2.2. MED: Talent places the sample into the chamber of the sputter coating apparatus.
5.3. Load the sample into the SEM, and then capture the image at an accelerating voltage of 10 to 15 kV.
5.3.1. MED: Talent loads the sample into the SEM.
5.3.2. LAB MEDIA: Screen shot of SEM software. (uploaded)
5.4. To characterize in vitro bioactivity, first cut a cylindrical SMP scaffold in half across the circular edge using a clean blade.
5.4.1. ECU/CU: Talent cuts a cylindrical scaffold in half with a blade.
5.5. Place one half of the scaffold into a tube containing 30 ml of simulated body fluid, and then place the tube in a stationary water bath at 37 ⁰C. 
5.5.1. MED over the shoulder: Talent placing the scaffold half in a tube and then placing the tube in a water bath

5.6. After 14 days, remove the scaffold from the tube and allow it to air dry for 24 hours.

5.6.1. MED: Talent removes the scaffold from the tube and places it on the bench.
5.7. Next, fix the scaffold with the cut surface facing up onto the sample stage of an electron microscope using carbon tape.
5.7.1. ECU/CU: Talent fixes the scaffold half onto the sample stage with carbon tape
5.8. Then sputter coat the scaffold surface with gold and platinum alloy to approximately 4 nm in depth.
5.8.1. MED: Talent removes the sample from the chamber of the sputter coating apparatus
5.9. As before, load the sample into the SEM, and capture the image at an accelerating voltage of 10 to 15 kV.
5.9.1. MED: Talent loads the sample into the SEM
6. Results: Shape memory behavior and properties of SMP scaffolds
6.1. An SMP scaffold becomes malleable upon heating at 60 ºC and can be fitted within a defect model. After cooling to room temperature, the SMP scaffold is removed and retains its new, fixed temporary shape.
6.1.1. LABMEDIA: 52981_Grunlan_Figure2 (Video Editor: Each panel has been separated. Start with 52981_Grunlan_Figure2_a, and place text next to the brown circle in far left panel “SMP scaffold”. Then add 52981_Grunlan_Figure2_b and place text “60 °C” at top of second left panel. Next add (52981_Grunlan_Figure2_c when “heating at 60 °C” is said, and then show 52981_Grunlan_Figure2_d when “fixed temporary shape” is said.)
6.2. Shown in the scanning electron micrograph of the uncoated SMP scaffold are the pore structure and the highly interconnected morphology.
6.2.1. LABMEDIA: 52981_Grunlan_Figure 4_a (Video Editor: highlight two pore openings in the middle top third of the panel when “pore structure” is said and the large irregular pore in the bottom left of the panel when “highly interconnected morphology” is said.)
6.3. Bioactivity of the polydopamine coated SMP scaffold is demonstrated by the formation of hydroxyapatite in the pores, as shown in the scanning electron micrograph.
6.3.1. LABMEDIA: 52981_Grunlan_Figure 4_b (Video Editor: Highlight with arrows several of the small white spheres in the panel when “hydroxyapatite” is said. Place text “Hydroxyapatite” next to an arrow.)
7. Conclusion (said by authors on camera)
7.1. Lindsay Nail: After watching this video, you should have a good understanding of how to prepare a bioactive, “self-fitting,” shape memory polymer scaffold using a process involving solvent casting over a fused salt template, particulate leaching and the application of a polydopamine coating.

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.  

Intro – 52981_Grunlan_Schematic.pptx
2-3 – 52981_Grunlan_Figure1.tif
4, 6.1 – 52981_Grunlan_Figure2_a.tif
4, 6.1 – 52981_Grunlan_Figure2_b.tif

4, 6.1 – 52981_Grunlan_Figure2_c.tif

4, 6.1 – 52981_Grunlan_Figure2_d.tif

6.2 – 52981_Grunlan_Figure4_a.tif

6.3 – 52981_Grunlan_Figure4_b.tif
5.3.2 – 52981_5.3.2. Lab Media.tif
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.
( 2015, Journal of Visualized Experiments
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