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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  
Can you record movies/images using your own microscope camera? Y
B.   Software Usage: Does your protocol include detailed descriptions of software usage? N
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.) 
3.3; 5.3; 5.4; 5.6; 6.2
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
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.) 
5.6
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews) 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Oskar Hoffmann: These methods can help answer key questions in the field of biomaterials, particularly for bone regeneration. They are used to evaluate the effectiveness of biomaterials and potential immune responses [1-INT]. 
1.1.1. Named author states the above, looking slightly off frame, interview style.
1.2. Oskar Hoffmann: The main advantage of this multidisciplinary platform is that it provides a range of parameters for predicting biocompatibility of biomaterials used for bone repair [1-INT].
1.2.1. Named author states the above, looking slightly off frame, interview style.

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Carina Kampleitner: The implications of these in vitro and in vivo bone techniques extend towards other bone disorders, due to the need for preclinical screening of novel orthopedic biomaterials [1-INT].
1.3.1. Named author states the above, looking slightly off frame, interview style.
1.4. Jessika Obi: Though the immunological methodology can provide insights into biomaterials for bone healing, it can also be applied to biomaterial assessments for any other clinical indication [1-INT].
1.4.1. Named author states the above, looking slightly off frame, interview style.

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

1.9. Procedures involving animal subjects have been approved by the Committee on the Ethics of the Austrian Federal Ministry of Education, Science and Research. 

Protocol: (read by voice talent at JoVE)
2. OB Mineralization Assessed by Staining with Alizarin Red S
2.1. [bookmark: OLE_LINK34][bookmark: OLE_LINK35]Aspirate culture medium from primary osteoblasts 14-days after the addition of osteogenic mineralization medium [1-MED]. Rinse twice with 0.5-milliliters of 1x PBS [2-MED-over the shoulder]. Then fix the cells by adding 0.5-milliliters of 10% buffered formalin solution [3-CU] and incubating at room temperature for 10 minutes [4-MED-over the shoulder].
2.1.1. Talent at hood with a 24-well plate containing the cells and all of the required media, solutions and equipment for the subsequent steps. Talent aspirates the medium from the wells of the plate. (Author Comment: Control tissue culture plate was used to demonstrate 2.1.1.)
2.1.1.a: [Added Shot]: Shot 2.1.1. was demonstrated for suspension culture plate containing beta-tricalcium phosphate discs. (Editor: This seems more like a note than an added shot – but if there are multiple shots to choose from for 2.1.1, just use whatever looks better)
2.1.2. Talent finishes pipetting PBS into the wells of the plate and then aspirates the PBS using the same a disposable Pasteur pipette. 
2.1.3. Shot of the wells of the plate as formalin is dispensed into them. This step should be performed in a hood. 
2.1.4. Talent places the lid on the plate then walks out of shot.  
2.2. After 10-minutes, aspirate the 10% buffered formalin with a single-use pipet [1-CU] and wash twice with 0.5-milliliters of ultrapure water [2-MED-over the shoulder]. 
2.2.1. Shot of the wells of the plate as the formalin is aspirated from the plate. 
2.2.2. Talent dispenses water from a disposable Pasteur microliter pipette into the wells of the plate and then uses a disposable Pasteur pipette to remove the volume and discard it into a waste container. 
2.3. Then add 250-microliters of 40-millimolar Alizarin Red S staining solution to the fixed osteoblasts [1-CU] and incubate the plate at room temperature for 10 minutes on a shaker at 100 shakes per minute [2-MED-over the shoulder].
2.3.1. ARS staining solution is pipetted into one or two wells. 
2.3.2. Talent places the plate on the shaker and turns it on. 
2.4. Following the incubation with staining solution [1-MED-over the shoulder], aspirate the staining solution with a single-use pipet and rinse with 1-milliliter of ultrapure water. Repeat this step 5 to 10 times until the rinsing solution comes off clear to remove non-specific staining  [1-MED-over the shoulder] [2.4.2]. 
2.4.1. [Added Shot]: Talent next to the shaker, stops the shaker and removes the plate from the shaker. (Editor: Omit this shot if the VO isn’t long enough to cover it.)
2.4.2. Talent back at the bench top with a labeled bottle of ultrapure water, a waste container and the bottle of PBS in the bucket. Talent removes the lid from the plate (the shaker has already been stopped), picks up the plate, holds it at an angle and aspirates the staining solution from the wells, squirting it into the waste container. Talent then puts the plate down, aspirates water from the labeled bottle and dispenses it into the wells of the plate. Shot can be edited for length if necessary. 
2.5. After aspirating the final wash, add 1-milliliter of cold PBS [1-MED] and incubate the plate at room temperature for 10 minutes on a shaker as before [1-MED] [2.5.2].  
2.5.1. Talent pipettes ice-cold PBS from a bottle in an ice-bucket, dispenses the volume into multiple wells of the plate and then places the lid on the plate. 
2.5.2. [Added Shot]: Talent places the plate on the shaker and turns it on. 
2.6. Next, transfer the stained beta-tricalcium phosphate discs to a new well [1-CU] and scan the plates with a flatbed scanner to record mineralization [2-MED-over the shoulder].
2.6.1. Two or three stained discs are transferred to fresh wells upside down.
2.6.2. Talent places the plate on a scanner, closes the lid and starts the scan. 
2.7. After image capture, add 250-microliters of 10% cetylpyridinium chloride solution [1-CU] and shake for 15 minutes to extract the ARS dye [2-MED].
2.7.1. 0.25-milliliters 250-microliters of 10% cetylpyridinium chloride solution are pipetted into two or three wells. 
2.7.2. Shot of the shaker as the plate is placed on the shaker and the shaker is turned on. 
2.8. Next, transfer the solution from the wells to individual 1.5-milliliter tubes [1-MED] and centrifuge at 17,000 x g for 5 minutes at room temperature [2-MED-over the shoulder]. 
2.8.1. Talent pipetting from a well and dispensing the solution into a 1.5 mL centrifuge tube. 
2.8.2. Talent places multiple 1.5 mL tubes into the centrifuge tube, closes the lid and starts the spin. 
2.9. [bookmark: OLE_LINK46][bookmark: OLE_LINK47]Dilute the extract with 10% cetylpyridinium chloride solution at a dilution ratio of 1:10 to 1:20 in a 1.5-milliliter tube [1-MED]. 
2.9.1. Talent adds dispenses a volume of 10% cetylpyridinium chloride solution from a labeled tube to the wells and a volume of extract to a 96-well plate 1.5 mL tube. 
2.10. Then transfer 300-microliters of each diluted sample into the wells of the 96-well plate. Include two blank wells containing only 10% cetylpyridinium chloride [1-CU].
2.10.1. Shot of the plate as sample blank is added to two wells then two wells are skipped before the next diluted sample is added. 
2.11. Next, prepare seven Alizarin Red S reference standards ranging from 4 to 400 micromolar by diluting 40 millimolar Alizarin Red S staining solution with 10% cetylpyridinium chloride solution to generate a standard curve [1-MED]. Load 300-microliters of each standard into the plate [2-CU]. 
2.11.1. Talent holds the 40 mM staining solution and dispenses a volume into a 1.5 mL tube. Talent then aspirates a volume solution from this tube and dispenses it into a waiting tube in the tube rack as if performing a serial dilution. (Author Comment: Reference standard preparation is demonstrated for two standard concentrations starting at 400 micromolar.) (Editor: This note seems to be purely information, and shouldn’t affect editing)
2.11.2. Standard is loaded into two wells. (Author Comment: Standard was loaded for two reference standards beginning at the low standard concentrations – 4 and 10 micromolar.) (Editor: This note seems to be purely information, and shouldn’t affect editing)
2.12. Lastly, read the absorbance of the samples, blanks, and reference standards at 520 nanometers [1-MED].
2.12.1. Talent at the spectrophotometer loading the plate into the machine and reading the absorbance (detail not required, can be filmed in mock). 
3. Isolation of Bone Marrow OC Precursors for Derivation of Mature OCs
3.1. Isolate bone marrow osteoclast precursors from the femurs and tibiae of a euthanized mouse by using sterile scissors to remove the legs from the body at the hip joint [1-MED].
3.1.1. Talent at the dissection hood using sterile scissors to cut the legs from the carcass of a mouse. Detail not required. Please film with sensitivity.  
3.2. Cut the limbs at the knee and ankle joints [1-ECU] and remove the soft tissue with sterile scalpel and forceps [2-CU]. Cut off the epiphyses [3-ECU]. 
3.2.1. One limb is cut at the knee and ankle joint. 
3.2.2. The soft tissue is removed from one of the pieces of limb. 
3.2.3. The epiphyses are cut from one limb. 
3.3. Insert a 27-gauge needle attached to a syringe filled with 1-milliliter of bone growth medium into the lumen and flush out the marrow into a 6-centimeter sterile Petri dish. [1-CU-TXT]. 
3.3.1. *film as written. TEXT: Repeat this step once. 
3.4. After repeating this for all femurs and tibiae, transfer the cell suspension to a 50-milliliter conical tube [1-MED], wash the 6-centimeter Petri dish with 5-milliliters of bone growth medium [2-CU] and transfer to the same 50-milliliter conical tube [3-CU]. Centrifuge at 350 x g at 4 °C for 5 minutes [4-MED-over the shoulder]. 
3.4.1. Talent pipettes the cell suspension from the 6-cm dish and transfers it to a 50 mL tube. 
3.4.2. Talent pipettes 5 mL of medium onto the tilted 6-cm plate. 
3.4.3. The plate wash is added to the 50 mL conical tube. 
3.4.4. Talent places the 50 mL conical tube a balance tube into the centrifuge and closes the lid. 
3.5. Following centrifugation, resuspend the cells in 1-milliliter per well of osteoclast differentiation medium [1-MED-TXT]. 
3.5.1. Talent pipettes from a bottle of osteoclast differentiation medium dispenses it onto the pellet (the medium has already been removed) and pipettes up and down. TEXT: DM: BGM +1 nM 1,25-(OH)2-vitamin D3 + 1 µM prostaglandin E.
3.6. [bookmark: _GoBack]Carina Kampleitner: One BALB/c mouse provides sufficient numbers of OC precursors for one 24-well culture plate [1-INT].
3.6.1. Carina Kampleitner: Talent speaks the above text to camera. 
4. Preparation of Mouse OB-OC Co-Culture with Biomaterial
4.1. [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Add  primary osteoblasts suspended in bone growth medium onto the biomaterial and the controls at 8.8 x 104 cells per square centimeter [1-MED]. Beta-tricalcium phosphate discs, control bovine bone and tissue culture plastic are used here [2-CU]. Incubate at 37 °C and 5% CO2 for 24 hours [3-MED-over the shoulder]. 
4.1.1. Talent pipettes a volume from a labeled bottle of OBs in BGM and dispenses it into the well of a 24-well suspension culture plate and to a 24-well tissue culture plate.
4.1.2. Shot of a β-TCP disc and a piece of control bovine bone in adjacent wells of the 24-well plate as cells are added to both. (Author Comment: This shot is included in 4.1.1. as 24-well suspension culture plate contains beta-tricalcium phosphate discs and control bovine bone.)
4.1.3. Talent places the plate in the incubator. 
4.2. After 24-hours [1-WIDE], add freshly isolated bone marrow osteoclast precursors in osteoclast differentiation medium to the cultured primary osteoblasts [2-MED] and return to the incubator for five days of culture at 37 °C and 5% CO2 [3-WIDE]. 
4.2.1. Talent (wearing something different to show that this happens on a different day) places the plates in the tissue culture hood and sits down. 
4.2.2. Talent pipettes from a labeled tube of bone marrow osteoclast precursors and dispenses the volume into the wells of the 24-well suspension culture plate and 24-well tissue culture plate. 
4.2.3. Talent approaches the incubator with the plates, opens the door, places the plates inside and then closes the door and leaves the shot. 
4.3. Replace the medium with freshly prepared osteoclast differentiation medium every other day [1-CU]. Then stain osteoclasts for tartrate-resistant acid phosphatase to evaluate differentiation [2-LM].
4.3.1. Osteoclast differentiation medium is added to the wells of the plates which are devoid of medium. 
4.3.2. LAB MEDIA: 58077_Hoffmann_Figure3_bTCP (bottom panel of left). 
5. Critical-sized Mouse Calvarial Defect Model
5.1. Shave the scalp of an anesthetized 8-week old BALB/c mouse [1-MED], and clean the surface with 7.5% povidone iodine solution and 70% ethanol [2-CU]. Cover the eyes with ophthalmic ointment to prevent drying during the procedure [3-CU]. 
5.1.1. Talent shaving the scalp of the mouse. 
5.1.2. The shaved scalp is wiped with iodine solution and then ethanol. 
5.1.3. Ophthalmic ointment is applied to both eyes of the mouse. 
5.2. Ensure an appropriate level of anesthesia by the lack of a reaction to a toe and tail pinch [1-MED-over the shoulder]. Then after making a midline sagittal incision, remove the pericranium connective tissues above the right parietal bone by scraping it with a scalpel [2-CU]. 
5.2.1. Talent pinches the toe of the mouse and then the tail and no reaction is seen. 
5.2.2. A scalpel scraped off the periosteum. 
5.3. Then, use a sterile dental trephine with a diameter of 4-millimeters at 2000 rotations per minute to create a critical-sized defect in the right parietal bone [1-MED-over the shoulder]. 
5.3.1. Talent picks up a dental trephine, which is equipped with a bottle of sterile saline and connected to the trephine system for appropriate cooling, turns it on and begins to notch the right parietal bone. 
5.4. Constantly irrigate the region with sterile saline solution while notching the right parietal bone and cutting through the ectocortex and some endocortex [1-CU].
5.4.1. Close-up footage of the area being irrigated as the trephine moves through the last of the parietal bone, ectocortex and endocortex. [Shots 5.4.1, 5.5.1, and 5.6.1 combined]
5.5. [bookmark: OLE_LINK56][bookmark: OLE_LINK57]To prevent damage to the dura mater, use a small periosteal elevator to break through the remaining endocortex [1-CU]. 
5.5.1. The periosteal elevator is placed and breaks through the remaining endocortex.
5.6. Then use forceps to carefully lift the calvarial bone and remove it. The resulting defect should be circular and approximately 3.5-millimeters in diameter [1-CU]. 
5.6.1. Forceps enter the shot, lift the calvarial bone and removes it.  The shot is held to show the circular 3.5 mm defect.
5.7. Next, fill the calvarial defect with beta-tricalcium phosphate collagen foam pre-soaked in sterile PBS [1-CU-TXT]. 
5.7.1. Forceps holding wet β-TCP/Collagen enter the shot and place the foam into the deficit. TEXT: Prepare the appropriate number of age-matched, sham negative controls with an empty defect.
5.8. To keep the biomaterial in place, apply 0.5-microliters of tissue adhesive at the edge of the defect at two opposite points [1-CU]. Then close the skin with a non-absorbable suture [2-MED-over the shoulder]. 
5.8.1. *film as written. 
5.8.2. Footage of talent suturing the skin (detail not required. ~15-20 seconds of footage). 
6. Subchronic Subcutaneous Model
6.1. Place an anesthetized mouse on its back, shave the abdominal fur [1-MED-over the shoulder], and clean the shaved surface with 7.5% povidone iodine solution and 70% ethanol [2-MED].
6.1.1. Talent flips over a mouse and shaves the fur on the abdomen. 
6.1.2. Talent wipes the abdomen with iodine and then ethanol. 
6.2. After making an 8-millimeter-long midline incision through the skin along the linea alba of the abdomen [1-MED-over the shoulder], implant PBS soaked biomaterial under the skin [2-CU-TXT]. Then suture the skin with a non-absorbable suture [3-MED-over the shoulder].
6.2.1. Talent puts down the fine surgical scissors scalpel as if finishing making the incision. 
6.2.2. The biomaterial is placed under the skin. TEXT: Add no materials for sham control. 
6.2.3. Talent suturing the abdomen (detail not required. ~15-20 seconds of footage). 
6.3. Eight-weeks post-implantation, excise the implantation site with surrounding tissue from the euthanized mouse [1-CU]. 
6.3.1. A 1 cm2 piece of tissue is excised from the abdomen. 
7. Results: Cell and Tissue Response to Biomaterials for Bone Regeneration
7.1. [bookmark: _Hlk505869931]This image demonstrates that growth on beta-tricalcium phosphate discs does not affect osteoblast viability compared to growth on tissue culture plastic at 7 and 14 days of culture. [1-LM]. 
7.1.1. LAB MEDIA: 58077_Hoffmann_Figure2A. Video Editor please highlight the black bars when “growth on beta-tricalcium phosphate discs” is narrated and the white bars when “compared to growth on tissue culture plastic” is narrated. 
7.2. [bookmark: _Hlk505875832]Cultured osteoblasts were stained with Alizarin Red S after 14 days [1-LM]. Mineralization was higher for mineralization medium controls compared to osteoblasts cultured in medium alone, and on beta-tricalcium phosphate discs in suspension culture wells [2-LM].
7.2.1. LAB MEDIA: 58077_Hoffmann_Figure2C_wells Show image (separate image of the wells shown in the diagram). 
7.2.2. LAB MEDIA: 58077_Hoffmann_Figure2C_histo (histogram). Video Editor please highlight the tall, grey bar. 
7.3. When a surgically-induced critical-sized calvarial defect was left empty [1-LM], a thin layer covering the entire defect was observed, but no significant bone formation was present at 12-weeks post operation [2-LM].
7.3.1. LAB MEDIA: 58077_Hoffmann_Figure4_sham_low. Show image. 
7.3.2.  LAB MEDIA: 58077_Hoffmann_Figure4_sham_high. Show image. 
7.4. In contrast, when the defect contained β-tricalcium phosphate collagen foam [1-LM], foam remnants surrounded by dense fibrous tissue, including some blood vessels and inflammatory cells, bridged the defect area without evidence of bone formation [2-LM].  
7.4.1. LAB MEDIA: 58077_Hoffmann_Figure4_TCP_low. Show image. 
7.4.2.  LAB MEDIA: 58077_Hoffmann_Figure4_TCP_high. Show image. 
7.5. Following subcutaneous beta-tricalcium phosphate collagen foam implantation, an inflammatory response with foreign body giant cells was observed on Hematoxylin & Eosin stained sections [1-LM] and evidence of fibrosis on Masson’s Trichrome-stained sections at 8 weeks [2-LM]. 
7.5.1. LAB MEDIA: 58077_Hoffmann_Figure6B_TCP. Show image. 
7.5.2. LAB MEDIA: 58077_Hoffmann_Figure6C_TCP. Show image. 
7.6. In contrast, the implantation site of the sham controls had minimal inflammation [1-LM] and no fibrosis [2-LM]. 
7.6.1. LAB MEDIA: 58077_Hoffmann_Figure6B_sham. Show image. 
7.6.2. LAB MEDIA: 58077_Hoffmann_Figure6C_sham. Show image. 

8. Conclusion (said by authors on camera)
8.1. Carina Kampleitner: While attempting this procedure, it’s important to do precise and reproducible notching of the calvarium without hurting the animal.
8.1.1. Named author states the above, looking slightly off frame, interview style. Plus footage of 5.3.1. and 5.4.1. 
8.2. Oskar Hoffmann: Following these procedures, other methods like osteoclast differentiation assays and high throughput intraperitoneal immune models can be performed in order to answer additional questions like osteoclast response to biomaterials and type of immune response. 
8.2.1. Named author states the above, looking slightly off frame, interview style.
   

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.
7.1 - 58077_Hoffmann_Figure2A
7.2 - 58077_Hoffmann_Figure2C_histo
7.2 - 58077_Hoffmann_Figure2C_wells
4.3 - 58077_Hoffmann_Figure3_bTCP
7.3 - 58077_Hoffmann_Figure4
7.4 - 58077_Hoffmann_Figure4_sham_high
7.4 - 58077_Hoffmann_Figure4_sham_low
7.5 - 58077_Hoffmann_Figure4_TCP_high
7.5 - 58077_Hoffmann_Figure4_TCP_low
7.6 - 58077_Hoffmann_Figure6
7.6 - 58077_Hoffmann_Figure6B_TCP
7.6 - 58077_Hoffmann_Figure6C_TCP
7.7 - 58077_Hoffmann_Figure6B_sham
7.7 - 58077_Hoffmann_Figure6C_sham

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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