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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 you can record images/videos using your own camera/software, then mark No)   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___ 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? Please list 4-6 steps using the step numbers listed in this document. ___________________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.___________________________

E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? ___________________________________________________

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 create a bone template microenvironment that has the ability to restore missing or damaged bone. (Intro)
This is accomplished by first shaping and modifying a polyurethane sponge to fit within a defect area. (P1: Show the 3-D jaw bone with the missing area. Then show the grey sponge image (cut it out from the background) and pull it from the area where the defect is to be placed next to it on the side. )
The second step is to evenly coat the polyurethane sponge in a viscous hydroxyapatite slurry and allow it to dry. (P2: Cut out the white template from its background and start with the images from the end of P1.  Wipe away the dark colored sponge to reveal the white sponge, replacing it on screen.)
The final step is to sinter the hydroxyapatite coating in a high temperature muffle furnace. (P4: Place the white scaffold into an oven (DAM ID 1323) and then take it back out.)
Ultimately, a bone-like template with engineered micro-channels is fabricated with high cell adsorption and retention capabilities. (P5: Show images from Slide 3 of “Supplement Figures.pptx”.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).  
Use Supplement Figures.pptx (Slides 1&3) for the Narrative Images. 
B.  Interview: (Said by you on camera. Don’t forget to smile!)   
1.1. Daniel Oh: The main advantage of this technique over existing methods, such as salt reaching or 3D printing technique, is that the engineering of microchannels in the trabeculae induce capillary action.   

1.2. Sidney Eisig: This method can help address major challenges in the field of regenerative medicine, such as the reconstruction of craniomaxillofacial and critical segmental bone defects.  
1.3. Alia Koch: The implications of this technique extend toward the therapy of congenital deformities, because the template shapes and sizes can be easily customized along with capillary action that encourage long distance cell migration.
1.4. Sahng Gyoon Kim: Though this method provides insight into regeneration of bone, it can also be applied to other 3D culture systems, such as the 3D cancer culture platform.
Protocol (read by voice talent at JoVE):  
2. Polyurethane Sponge Template Preparation
2.1. Begin by trimming polyurethane sponges with 80 pores per inch into bridge-shapes [2.1.1 - MED] with dimensions of 3.5 cm in height x 5 cm in width x 1.5 cm in depth.[2.1.2 - CU]
2.1.1. Talent trims sponge into rough bridge shape
2.1.2. Talent trims into final shape with the help of a ruler/measurement tool.
2.2. Next, make 100 milliliters of a 4% sodium hydroxide solution using a 150 milliliter beaker.  [2.2.1 - MED] Immerse the sponges in the sodium hydroxide solution and squeeze out the trapped air until the sponges are completely soaked. [2.2.2 - CU]
2.2.1. *Film as written

2.2.2. *Film as written

2.3. Once saturated, place the beaker with the sponges in an ultrasonicator at 42 kilohertz for 15-20 minutes without heat. [2.3.1 - MED/CU]
2.3.1. *Film as written

2.4. When finished, rinse the sponges with distilled water for 5-10 minutes. [2.4.1 - MED] While rinsing, squeeze the sponges and allow them to expand 5 to 7 times in order to remove any residual sodium hydroxide inside the sponges. [2.4.2 - CU]
2.4.1. *Film as written

2.4.2. *Film as written

2.5. Remove any excess water from the sponges with paper towels [2.5.1 - CU] and then place them in an oven at 60-80 °C to finish drying. [2.5.2 - CU]
2.5.1. *Film as written

2.5.2. *Film as written

3. Hydroxyapatite Slurry Coating Preparation  

3.1. To begin making the hydroxyapatite slurry, first weigh a 50 milliliter beaker with a magnetic stir bar. Next, add 20 milliliters of distilled water into the beaker. [3.1.1 - MED]
3.1.1. *Film as written

3.2. Heat the water on a hot plate set to 120-140 °C and stir using a magnetic stirrer.  [3.2.1 - MED] 
3.2.1. *Film as written

3.3. When the water begins to boil, add 0.3 grams of polyvinyl alcohol powder into the distilled water while stirring at 300-400 rpms.  [3.3.1 - MED-TXT] Stir until the powder has completely dissolved and the solution is clear. [3.3.2 - CU]
3.3.1. *Film as written(TEXT: PVA: 89,000-98,000 MW)
3.3.2. Close-up of powder going into solution.
3.4. Then, turn off the heat and add 0.1 grams of ultra-low viscosity sodium carboxymethyl cellulose powder while continuing to stir at 400-500 rpms until the solution becomes clear once again. [3.4.1 - CU]
3.4.1. Talent adds cellulose and film until solution becomes clear. 
3.5. Once dissolved, cool the mixture down to room temperature. [3.5.1 - CU] Next, add 0.3 grams of ammonium polyacrylate dispersant while stirring at 300-400 rpms. [3.5.2 - MED] Stir until completely dissolved and then add 0.2 grams of glycerin while stirring at 300-400 rpms. Again, stir the mixture until it has completely dissolved. [3.5.3 - CU]
3.5.1. Talent turns off the heat.
3.5.2. *Film as written

3.5.3. *Film as written

3.6. Then, weigh out 10 grams of nano-sized hydroxyapatite powder and slowly add it to the beaker while stirring at 600-900 rpms.  Continue stirring for 5 minutes.  [3.6.1 - MED]
3.6.1. *Film as written

3.7. Next, place the mixture in an ultrasonicator and sonicate for 5 minutes to ensure dispersion of any agglomeration of the hydroxyapatite powder.  [3.7.1 - MED] Then, add an extra 5 milliliters of distilled water into the mixture while stirring at 600-900 rpms and heat at 90-100 °C. [3.7.2 - MED]
3.7.1. Talent places mixture in sonicator and begins to sonicate the sample.
3.7.2. Talent adds dI water to mixture while on a stir plate, then turns on stir plate and heat.
3.8. Keep stirring the mixture using a magnetic stirrer at 600-800 rpms at 90-100 °C in order to evaporate the water content. [3.8.1 - MED]
3.8.1. Time lapse of water reducing.  Either film process or if that takes too long, have them pour out some water, film a bit, pour out more.
3.9. Measure the whole weight including the beaker and mixture [3.91 - CU] from time to time until a powder/liquid ratio of 1.75-1.80 is obtained as described in the accompanying text protocol. [3.9.2 - CU]
3.9.1. Talent weighs the beaker and the ratio is above 1.8.
3.9.2. Talent weighs the beaker and the ratio is 1.8.

3.10. Allow the slurry to cool down to room temperature before using it for the coating. [3.10.1 - CU]
3.10.1. Talent turns off heat source and sets beaker aside.
4. Hydroxyapatite Coating, Drying and Sintering

4.1. Coat the prepared polyurethane sponges with the hydroxyapatite slurry using a stainless spatula until the slurry is homogenously distributed throughout the polyurethane sponge onto a glass plate. [4.1.1 - CU]
4.1.1. *Film as written

4.2. Roll the slurry embedded sponges onto a glass plate with a bar then allow them to expand.  Repeat this process 5 to 7 times in order to remove any excess slurry. [4.2.1 - CU]
4.2.1. *Film as written 
4.3. Then, slightly blow on the sponges using an air compressor to ensure interconnectivity, uniformity, and open pores.  [4.3.1 - CU]
4.3.1. *Film as written 
4.4. Daniel Oh:  “If a homogeneous coating is not achieved, the hydroxyapatite coated templates will collapse during the sintering process and may also crack while being handled due to low mechanical strength. Additionally, a homogeneous coating is critical in creating micro-channels within the trabeculae.” [4.4.1 - INT]
4.4.1. Interview style: Author saying the above 

4.5. Dry the HA coated templates for a minimum of 5 hours at 20 to 25°C with gentle air circulation. Increase this time for larger templates. [4.5.1 - MED]
4.5.1. Talent places template in a safe location to dry with gentle air circulation. 
4.6. After the drying process, place the HA coated templates on an alumina crucible. [4.6.1 - CU] Then, place them in a high temperature furnace and follow the 8 step sintering profile described in the accompanying text protocol. [4.6.2 - MED]
4.6.1. *Film as written

4.6.2. Talent places the samples into the furnace and sets the initial temperature.
5. Ingress and Inhabitancy of Cells into the Template

5.1. Add 10 milliliters of pre-osteoblastic MC3T3 cells at 1 million cells into a single well within a 6-well plate. [5.1.1 - MED]
5.1.1. *Film as written

5.2. Then, place the 3 cm x 4 cm x 1 cm bridge-shaped template vertically into the 6-well plate. [5.2.1 - MED] Place one leg of the template into a well containing the cell suspension, and the other leg into an adjacent empty well. [5.2.2 - CU]
5.2.1. Talent uncovers 6-well plate, and lifts up the bridge-shaped template.
5.2.2. *Film as written

5.3. Allow the template to absorb the cell suspension for 10 minutes in a biosafety cabinet.  [5.3.1 - ECU] Then, add 5 milliliters of additional media to the well that was originally filled with the cell suspension. [5.3.2 - MED]
5.3.1. Time-lapse of cells being drawn into scaffold.
5.3.2. *Film as written

5.4. After an additional 5 minutes, add 5 milliliters of media to the other well that was not originally filled with the cell suspension. [5.4.1 - MED]
5.4.1. *Film as written 
5.5. Then, place the setup into an incubator.  [5.5.1 - MED] Change the media every other day over 7 days. [5.5.2 - MED]
5.5.1. *Film as written

5.5.2. Talent removes the medium and adds fresh medium.
5.6. At the end of the experiment, fix the cells and scaffold for 20-30 minutes by dipping into a beaker filled with 100% ethanol. [5.6.1 - CU]
5.6.1. *Film as written

5.7. Stain the rinsed scaffold with a Hematoxylin stain for 1-2 minutes.  [5.7.1 - CU] Then, rinse it for 1-2 minutes by again dipping the scaffold into a beaker with distilled water twice. [5.7.2 - CU]
5.7.1. *Film as written

5.7.2. *Film as written

5.8. Following the rinse, dehydrate the scaffold and cells by immersing the scaffold in 70% ethanol for 1 to 2 minutes, then transfer the scaffold into 95% ethanol for an additional 1 to 2 minutes.  Finally place the scaffold into 100% ethanol for 2 minutes. [5.8.1 - MED]
5.8.1. *Film as written - Briefly cut or pause in-between each rinse to help with pacing.
5.9. Next, counter-stain the construct with Eosin-Y for 1-2 minutes. [5.9.1 - CU] Then, rinse it for 1-2 minutes by again dipping the scaffold into a beaker with distilled water twice.
5.9.1. *Film as written 
5.10. Following the rinse, dehydrate the scaffold by immersing it in a series of graded ethanol before resin embedding. [5.10.1 - MED - TXT] 
5.10.1. *Film as written (as in 5.8.1) (TEXT: 70%, 80%, 90%, and 100% EtOH, 1-2 min/ea)
5.11. Finally, embed the scaffold in an acrylic resin for sectioning and imaging. [5.11.1 - CU]
5.11.1. Talent infiltrates scaffold with the acrylic precursors. 
6. Results: The Biogenic Microenvironment Template Supports Cell Mobilization and Proliferation
6.1. The biogenic microenvironment template, shown here through various stages of fabrication, consists of a fully interconnected porous trabecular network similar to that of trabecular bone. [6.1.1 - LM]
6.1.1. Figure 2 (Video Editor: Add the label “PU Sponge” above the left image, “HA Coated” above the middle image, and “Sintered” above the right image.)
[image: image1.jpg]


[image: image2.jpg]


[image: image3.jpg]



6.2. This template has several structural components, including inter-connected primary-pores that are 300 to 400 microns in diameter, micro-channels that are 25 to 70 microns in diameter, and nanopores that measure 100 to 400 nanometers in diameter on the surface which allow cells to anchor.[6.2.1 - LM]
6.2.1.  Figure 3a (Video Editor: Show Figure 3a and add a bar showing the width of one of the pores in the scaffold when “primary-pores…diameter” is mentioned, then use a bar to highlight one of the interconnects between the pores (small circle on the wall of the pores) with the words “micro-channels…diameter” and finally draw a square on the wall of one of the primary pores with the words “nanopores…diameter” to draw the viewer’s attention to the wall even though the pores can’t be seen at this magnification.)
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6.3. The biogenic microenvironment template supports cell seeding via capillary action to all regions of the scaffold immediately following full saturation. [6.3.1 - LM]
6.3.1. Figure 6 (Video Editor: Show the scaffold in the well and add the region labels directly over the various parts of the scaffold as shown in the image below.)
[image: image8.emf][image: image9.emf]
6.4. The cell distribution can be clearly seen following hematoxylin and eosin staining and sectioning of the scaffold. [6.4.1 - LM]
[image: image10.emf] 

6.4.1.  Figure 6 (Video Editor: Show the above portion of Figure 6 and insert the map of the bridge in the open space showing the location of I through V.)
6.5. The cell number in each region of the template was quantified and tracked. After 3 days of culture, the template became occupied with rapidly proliferating cells. After 7 days of culture, each trabecula was wrapped by extracellular matrices and embedded with cells. [6.5.1 - LM]
[image: image11.emf]
6.5.1. Figure 6 (Video Editor: Show the above portion of Figure 6 and highlight the 3d and 7d portion when mentioned.)
7. Conclusion (said by authors on camera) 
7.1. Daniel Oh: Once mastered, this technique can be done in 3 days if it is performed properly.

7.2. Daniel Oh: While attempting this procedure, it’s important to remember to keep the correct powder to water ratio and maintain a homogeneous coating.
7.3. Sahng Gyoon Kim: Following this procedure, other methods such as the dynamic rocking system or the spinning culture system, can be performed in order to answer additional questions involving cellular responses.
7.4. Sidney Eisig: After its development, this technique paved the way for researchers in the field of tissue engineering to explore molecular mechano-transduction in bone regeneration and remodeling.
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.

6.3 – Figure 6.mov – capillary action
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.
( 2013, Journal of Visualized Experiments


