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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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) Steps 2.4, 2.6, 3.2, 4.2
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) When transferring porous samples from the freeze-dryer to the furnace for heat treatment (steps 2.6 and 2.7), the samples are usually weak so that they may collapse by mistake. Thus, we try to handle them with extra care (e.g., minimizing the traveling distance, minimizing potential impact when taking out the samples from the freeze dryer or placing the samples in the furnace, etc.).
E.  Will the filming need to take place in multiple locations? (Y/N) Y If yes, how far apart are the locations? All the places for filming are located within one building.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to fabricate mechanically tunable and bioactive metal scaffolds for biomedical applications. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dr. Kim: This method can help answer key questions in the orthopedic implant field, such as the feasibility of a mechanically tunable metal scaffold that is capable of delivering drugs. 
1.2. Dr. Kim: This densification method is simple because it requires only one control parameter, achieves both mechanical enhancement and sustainable drug release, and is applicable to the fabrication of functionally graded porous scaffolds.


Protocol (read by voice talent at JoVE):
2. Fabrication of Porous Metal Scaffolds
2.1. First, mix the appropriate amounts of titanium powder, camphene, and KD-4 for porous titanium scaffolds with four initial porosities in 500 milliliter polyethylene bottles [2.1.1-MED-TXT]. Rotate the bottles in a ball-mill oven at a speed of 30 rpm at 55 degrees Celsius for 30 minutes [2.1.2-MED-over the shoulder]. 
2.1.1. *Film as written, TEXT: See Table 1 for reagent amounts and porosities.
2.1.2. Show talent placing bottles in ball-mill oven.
2.2. Pour the slurries from the polyethylene bottles into cylindrical aluminum molds with a diameter and height of 60 millimeters [2.2.1-CU]. After sealing each aluminum mold with an aluminum cover slip, rotate the molds in a ball-mill oven at a speed of 30 RPM at 55 degrees Celsius for 10 minutes [2.2.2-MED-TXT].   
2.2.1. Show close-up of one of the molds as talent pours slurry into it.
2.2.2. Show talent placing molds in ball-mill oven, TEXT: 30 RPM, 55 °C, 10 min. 
2.3. Subsequently, decrease the temperature of the ball-mill oven to 44 degrees Celsius [2.3.1-MED-over the shoulder], and continuously rotate the molds at a speed of 30 RPM at 44 degrees Celsius for 12 hours [2.3.2-CU-TXT].  
2.3.1. *Film as written
2.3.2. Show close-up of molds in oven as they rotate, TEXT: 30 RPM, 44 °C, 12 hr.
2.4. After cooling the molds by rotation at room temperature for 1 hour, remove them from the ball-mill oven [2.4.1-MED]. Then, remove the solidified titanium camphene green body from each aluminum mold using an aluminum plunger [2.4.2-CU]. 
2.4.1. *Film as written
2.4.2. Show close-up of one of molds as talent removes solidified green body from it.
2.5. Following this, place the solidified titanium camphene green body in a rubber bag and completely seal the bag by tying it with a string [2.5.1-MED-over the shoulder]. Place the rubber bag in the water tank of a cold isostatic-pressing machine and apply an isostatic pressure of 200 megapascals for 10 minutes [2.5.2-MED-TXT]. After removing the rubber bag from the machine, remove the compressed green body from the rubber bag [2.5.3-CU]. 
2.5.1. *Film as written 
2.5.2. *Film as written, TEXT: 200 MPa, 10 min.
2.5.3. *Film as written
2.6. Transfer the titanium camphene green body to an alumina crucible [2.6.1-MED]. Place the crucible in a freeze-dryer machine and freeze-dry the green body to sublimate the camphene phase at minus 40 degrees Celsius for 24 hours [2.6.2-MED-over the shoulder-TXT]. 
2.6.1. *Film as written
2.6.2. Show talent setting temperature of freeze-dryer machine and turning it on, TEXT: -40 °C, 24 hr.
2.7. Following freeze-drying, close the crucible with an alumina cover slip [2.7.1-MED]. Place the closed crucible in a vacuum furnace at room temperature [2.7.1a-MED]. Then, increase the temperature of the furnace to 1300 degrees Celsius at a heating rate of 5 degrees Celsius per minute [2.7.2-MED-over the shoulder-TXT].
2.7.1. *Film as written
2.7.2. *Film as written, TEXT: 1300 °C at 5 °C/min.
2.8. Dr. Kim: Air-dried green body samples are usually weak and may collapse. Extra care is needed during handling.  
2.8.1. Talent speaks toward camera, interview style.
2.9. After holding the temperature at 1300 degrees Celsius for 2 hours, keep the sintered porous titanium in the furnace for six to seven hours until the furnace is fully cooled to room temperature [2.9.1-CU]. 
2.9.1. Show close-up of titanium sample in furnace at 150-200 °C.
2.10. Once the samples have been removed from the furnace, machine samples for smaller specimens [2.10.1a-MED]. Transfer samples to a glass beaker [2.10.1b-MED]. Place the beaker in an autoclave and sterilize the samples at 121 degrees Celsius for 15 minutes [2.10.1c-MED-TXT]. 
2.10.1. *Film as written, TEXT: 121 °C, 15 min.
2.11. When finished, wash the sterilized samples twice with distilled water and twice with 70% ethanol [2.11.1-MED-over the shoulder]. Then, place the porous titanium into a petri dish and air-dry the samples at room temperature under UV light [2.11.2-CU].	
2.11.1. Show talent washing one of the samples with distilled water and 70% ethanol.
2.11.2. Show close-up of samples as talent places them in petri dish under a UV light.
3. Dip Coating of Scaffolds with Bioactive Agents
3.1. At this point, dilute Green Fluorescence Protein, or GFP, to 100 micrograms per milliliter by mixing 1 milliliter with 9 milliliters of Dulbecco’s Phosphate Buffered Saline solution in a 50 milliliter sterilized polystyrene tube [3.1.1-MED].
3.1.1. *Film as written
3.2. Immerse the porous titanium in the diluted GFP solution at room temperature [3.2.1-CU]. Then, immediately place the sample in a vacuum desiccator and evacuate the desiccator for 10 minutes to ensure the GFP solution penetrates the pores of the porous titanium more effectively [3.2.2-MED-over the shoulder].  
3.2.1. Show close-up of titanium sample as talent places it in GFP solution.
3.2.2. *Film as written
3.3. Remove the glass beaker from the desiccator [3.3.1a]. Then, remove the porous titanium from the glass beaker using tweezers [3.3.1b-CU]. Place the GFP-coated porous titanium into a 10-centimeter diameter petri dish and air-dry overnight at room temperature on a clean bench [3.3.2-MED-over the shoulder].
3.3.1. *Film as written
3.3.2. *Film as written
3.4. On the following day, rinse the porous titanium twice with 10 milliliters of Dulbecco’s Phosphate Buffered Saline in a glass beaker [3.4.1-CU]. Then, place the porous titanium into a 10-centimeter diameter petri dish using tweezers and air-dry overnight at room temperature on a clean bench [3.4.2-MED].  
3.4.1. *Film as written
3.4.2. *Film as written
4. Densification of Porous Scaffolds
4.1. Next, place the GFP-coated porous titanium samples with various heights in a cylindrical steel die [4.1.1-CU], and insert a set of punches into the top and bottom holes of the steel die [4.1.2-MED-over the shoulder]. 
4.1.1. *Film as written
4.1.2. *Film as written
4.2. Compress the porous titanium within the steel die assembly at room temperature in the z direction of the sample using a press machine at intermediate strain rates of 0.05 to 0.1 inverse seconds against the predetermined applied strains [4.2.1-MED-TXT]. 
4.2.1. Show talent placing steel die in press machine, TEXT: See Table 2 for predetermined applied strains. 
4.3. Hold the pressure for 1 minute [4.3.1a]. Remove the die from the press machine, place the steel ring over the bottom of the die body, and return the die to the press after inverting the die [4.3.1b-CU]. Slowly apply pressure until the plunger pushes the densified samples out of the die bore and remove the die from the press [4.3.1c]. Remove the densified titanium samples from the steel die [4.3.1d]. Finally, wash the densified samples twice with 10 milliliters of Dulbecco’s Phosphate Buffered Saline in a beaker and air-dry overnight at room temperature on a clean bench [4.3.1-MED-over the shoulder].
4.3.1. *Film as written
4.3.2. *Film as written

5. Results: Fabrication of Densified Porous Titanium Scaffolds 
5.1. The titanium pore structure from conventional freeze casting shows directional pore alignment with irregularly shaped pores because of the dendritic growth of camphene during freezing [5.1.1-LM]. The sample from dynamic freeze casting exhibits almost spherical pores with random pore distribution [5.1.2-LM]. 
5.1.1. Figure 2b: Zoom into top image.
5.1.2. Figure 2b: Zoom into bottom image.
5.2. The pore shape becomes flattened as the degree of densification increases and pores almost disappear at the highest densification because neighboring pores are in contact with each other [5.2.1-LM]. Four specimens with varying porosities show different initial heights before densification and almost identical heights after densification [5.2.2-LM].
5.2.1. Figure 3b
5.2.2. Figure 3c
5.3. Both dense and porous titanium were found to have fast GFP release behavior with an initial bursting effect, with most released within one week [5.3.1-LM]. Densified porous titanium shows continuous release up to one month, clearly showing GFP on the surface even after one month [5.3.2-LM].
5.3.1. Figure 4b: Zoom into left graph.
5.3.2. Figure 4b: Zoom into right CLSM images.
5.4. For the scaffold with a denser core [5.4.1-LM], the outer part was shortened by mechanical machining [5.4.2-LM]. The micro CT image after selective densification of the higher inner part shows the inner and outer parts of the scaffold with different porosities [5.4.3-LM]. 
5.4.1. Figure 5a
5.4.2. Figure 5b
5.4.3. Figure 5c
5.5. Porous titanium with higher outer and lower inner parts [5.5.1-LM] results in a denser outer part after densification [5.5.2-LM], in which the porosity of the outer part was lowered, with the inner part having the preserved initial porosity [5.5.3-LM].
5.5.1. Figure 5d
5.5.2. Figure 5e
5.5.3. Figure 5f

6. Conclusion (said by authors on camera)
6.1. Dr. Kim: Once mastered, this technique can be done in 72 hours if it is performed properly.
6.2. Dr. Kim: After its development, this technique paved the way for researchers in the field of biomaterials to explore the feasibility of fabricating metal scaffolds with tunable mechanical properties and drug release for treating spinal injuries.
6.3. Dr. Kim: The implications of this technique extend toward spinal injury therapy, because the produced scaffold can act as artificial disc replacement with drug delivery.


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.


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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