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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? Y  

Can you record movies/images using your own microscope camera? N  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: Zeiss Stemi 2000-CS

·         Carl Zeiss Extension Tube 426126

·         Adapter Tube for Canon A650 IS B52 Tele
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? Y 

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.) _ 2.6 2.8 2.10 2.12 2.13 2.14__________________________________________
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.) _2.10 2.13__________________________
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. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this surgical model and image-analysis method is to observe the effect of your treatment on a pre-clinical osteoporosis-related vertebral compression fracture model (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Gadi Pelled: This method can help answer key questions in the skeletal regenerative medicine field, such as what would be an effective treatment for osteoporosis-related vertebral compression fractures, and how would such a treatment aid in bone regeneration? 
1.2. Gadi Pelled: The main advantage of this technique is that it involves Nude Rats, so novel treatments can be tested in vivo without immune rejection concerns. Furthermore, the bone regeneration analysis method presented here is semi-automated so it is more accurate and less user-dependent then previously published.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Zulma Gazit: Generally, individuals new to this method will struggle because it requires both basic knowledge of proper surgical technique and micro-computed tomography analysis.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. ** Gadi Pelled: Demonstrating the procedure will be Dr. Wafa Tawackoli, a research scientist from our laboratory. 

1.4.1. Interview style: Author saying the above 

1.4.2. The named research scientist looks up from workbench or desk or microscope and acknowledges the camera.

E.  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 Institutional Animal Care and Use Committee (IACUC) at Cedars-Sinai Medical Center.
Protocol: (read by voice talent at JoVE)
2. Vertebral Defect Model
2.1. First, induce anesthesia in an osteoporotic rat using 5% isoflurane in 100% oxygen then transfer to a nose cone at 2-3% isoflurane for maintenance. Shave the abdominal area using an electric shaver. Swab with iodine-based antiseptic and 0.5% chlorhexidine gluconate followed by 70% ethanol [1-MED]. Use vet ointment on the eyes to prevent dryness while under anesthesia [2-MCU].
2.1.1. Talent at the induction chamber with the anesthetized rat. Rat is shaved and swabbed. (Possibly separate shots, outside chance they might be slated 2.4.1-3) Talent removes the rat, places it in the surgery area and puts the nose cone over the rats nose. 
2.1.2. Talent applies ophthalmic ointment to both eyes of the rat. 
2.2. Apply a toe-pinch stimulus to ensure adequate plane of anesthesia. If no response is noted, initiate the procedure [1-MED-over the shoulder].
2.2.1. Talent pinches the toe one hind-foot of the animal, no reaction is seen. The action is then repeated on the other hind-foot. 
2.3. Place the anesthetized rat in dorsal recumbency on a heating pad set to 37 °C [1-MED], and stretch the limbs using a magnetic fixator retraction system [2-MED-over the shoulder]. 
2.3.1. The heating pad is slipped under the rat. Talent ensures that the nose cone is properly placed. 
2.3.2. Talent finishes stretching the limbs of the rat with the magnetic fixator retraction system. 
2.4. Shave the abdominal area using an electric shaver [1-CU]. Swab with iodine-based antiseptic [2-MCU] and 0.5% chlorhexidine gluconate followed by 70% ethanol [3-MED].  Incorporated into 2.1
2.4.1. *film as written. 
2.4.2. The area is swabbed with iodine based antiseptic. 
2.4.3. Talent wipes the area with gauze soaked in chlorhexidine gluconate followed by an alcohol pad. 
2.5. Inject the rat subcutaneously with carprofen before beginning the surgical procedure [1-MED-over the shoulder-TXT].
2.5.1. Talent performing a subcutaneous injection. Detail not required. TEXT: 5 mg/kg bodyweight. 
2.6. After making a 5 to 8-centimeter incision in the skin starting 1-centimeter below the xiphoid process and through the midline [1-MED], use surgical scissors to make an incision of the aponeurosis through the linea alba to access the abdominal cavity [2-MED-over the shoulder]. Expose the abdominal cavity using retractors [3-CU]. 
2.6.1. Shot of the rat. The incision has already been made, the skin is gently pushed back in multiple places to reveal the muscle layer beneath. 
2.6.2. Talent picks up the scissors and makes the cut. 
2.6.3. The retractors are placed and the abdominal cavity is seen to be open. 
2.7. Deflect the intestines to the right of the rat to expose the abdominal aorta and the left kidney [1-CU]. To avoid dehydration, use sterile soaked gauzes to wrap the internal organs [2-MCU]. Use additional retractors as necessary to expose the aorta. [3-?].
2.7.1. *film as written. Shot should end with a clear view of the abdominal aorta and the left kidney. 
2.7.2. *film as written. 
2.7.3. ADDED: Use additional retractors as necessary to expose the aorta.
2.8. Palpate the lumbar spine then proceed to expose it [1-CU]. Use thermocautery to expose the anterior aspect of lumbar vertebral bodies L4 to 5 and isolate them from the surrounding connective tissue and muscles [2-SCOPE-TXT]. 
2.8.1. Talent palpates the lumbar spine. 
2.8.2. *film as written. TEXT: Thermocautery should be used to control bleeding during the dissection.
2.9. Use a cotton swab saturated with 3% hydrogen peroxide [1-MED] to remove blood and residual tissue from the L4 vertebrae [2-SCOPE]. 
2.9.1. Talent picks a cotton swab out of a labeled bottle containing 3% hydrogen peroxide. 
2.9.2. The L4 vertebrae is swabbed with the hydrogen peroxide coated swab. 
2.10. Next, use a sterile, 2-centimeter diameter drill bit [1-MED] to drill a 5 millimeter-deep bone defect in the center of the exposed anterior aspect of the vertebral body [2-CU]. Apply minimal pressure to drill through only the ventral cortex and underlying trabecular bone. Avoid drilling through the dorsal cortex [3-SCOPE-TXT]. 
2.10.1. Talent picks up the drill and checks the drill bit (alternative, talent places the drill bit on the drill). 
2.10.2. Talent begins drilling. The shot should show Talent’s hands holding the drill as well as the area being drilled. 

2.10.3. The drilling continues and then the bone defect is complete (can be edited to only show the last few seconds of drilling if this takes a very long time). Important to show the final defect in detail. TEXT: This is a sensitive step that requires practice on rat cadavers before proceeding to live animals.
2.11. Then drill the L5 vertebrae in the same manner to create 2 defects per rat [1-SCOPE]. 
2.11.1. The L4 vertebrae with defect is visible in shot as drilling begins on the L5 vertebrae. 
2.12. When drilling is complete, return the intestines to the abdominal cavity and remove the retractors [1-CU]. 
2.12.1. *film as written. 
2.13. Next, use vicryl synthetic absorbable surgical suture in a continuous pattern to suture the aponeurosis [1-MCU]. 
2.13.1. The connective tissue around the muscle is sutured. TEXT: 3-0 vicryl undyed 27" SH taper. 
2.14. Close the skin using a 4-0 monofilament nylon non-absorbable suture in a simple interrupted pattern [1-MED].
2.14.1. *film as written. Show the last few sutures being placed to close the skin. 
2.15. Then, apply 100-microliters of topical skin adhesive on top of, and between, the skin sutures to ensure the complete closure of the skin [1-MCU].
2.15.1. *film as written. 
2.16. After injecting the rat with 37 °C lactated ringer’s solution to prevent hypothermia and dehydration, and buprenorphine for post-operative pain relief [1-MED-over the shoulder-TXT] allow the animal to recover from anesthesia on the heating pad [2-MED-TXT]. 
2.16.1. Talent finishes an injection with one syringe and then picks up another syringe and performs an injection. Detail not required. TEXT: Lactated Ringer’s Solution: 1CC/100 g BW, SQ. Buprenorphine: 0.5 mg/kg BW, SQ.  
2.16.2. Talent removes the nose cone from the rat. TEXT: Return the animal to its cage and follow the post-operative guidelines in the text protocol
2.17. When the animal is fully recovered [1-MED], return it to its cage and follow the post-operative care instructions in the written protocol [2-MED-over the shoulder]. 
2.17.1. Show the animal moving around freely, without stumbling or any signs of pain just before Talent picks up the animal. 
2.17.2. Talent places the rat in the cage and then puts the lid on. 
3. MicroCT Scanning and Quantitative Structural Analysis  
3.1. On the day following the surgical procedure, induce anesthesia with isoflurane as before [1-MED-over the shoulder]. 
3.1.1. Talent removes the rat from the induction chamber and places it on a nose-cone in the scanning area. 
3.2. Scan the rat using an in vivo micro-CT scanner [1-MED-TXT]. 
3.2.1. BROLL. Footage of the rat as the rat is scanned. TEXT: Repeat the scan at a later date for longitudinal analysis of bone regeneration. 
3.3. After scanning and recovery from anesthesia, return the rat to the home cage [1-MED-over the shoulder]. 
3.3.1. Talent places the fully recovered rat into the home cage near the CT scanner and places the lid on the cage. 
3.4. To separate the vertebrae data for analysis [1-MED], click on “micro-CT evaluation program” and select the sample from the menu. Then use the mouse to contour individual vertebrae on a slice [2-SCREEN].
3.4.1. Talent sits down at the computer ready to do some data analysis. 
3.4.2. SCREEN CAPTURE: The actions are performed as described in the narration. The completion of one contour should be shown. 
3.5. Use the “Z” bar to go to the next slice and contour the individual vertebrae in the same manner [1-SCREEN]. 
3.5.1. SCREEN CAPTURE: The actions are performed as described in the narration. 
3.6. Save the contoured vertebra as a separate file by clicking on “File” ( ”Save GOBJ” every couple of slices [1-SCREEN].
3.6.1. SCREEN CAPTURE: The actions are performed as described in the narration. 
3.7. Then, after setting the reference vertebra, import it to a micro-CT environment [1-SCREEN-TXT].
3.7.1. SCREEN CAPTURE: The reference vertebrae is imported and opened in the micro-CT environment. TEXT: See written protocol for details. 
3.8. Apply the VOI defined for the reference vertebra to the registered target vertebra by clicking “micro-CT evaluation program” ( “File” ( ”Load GOBJ” and selecting the GOBJ previously created [1-SCREEN]. 
3.8.1. SCREEN CAPTURE: The actions are performed as described in the narration. 
3.9. Finally, send the VOI for evaluation using a micro-CT evaluation program [1-MED-over the shoulder]. 
3.9.1. BROLL: Talent sitting at computer and using the mouse and keyboard as necessary to send the VOI to the micro-CT evaluation program (detail not required). 
4. Results: Longitudinal Analysis of Vertebral Defect Regeneration
4.1. This image frontal 3D image shows a representative vertebral defect imaged one day after defect generation. bone formation in the void is indicated in red [1-LM].  This is a sagittal 2D image of the same area [2-LM], and finally an axial 2D image [3-LM]. 
4.1.1. LAB MEDIA: 55928_Pelled_Figure7A_DayOne. Video Editor please show the image labeled frontal 3D (without the label) here. 
4.1.2. LAB MEDIA: 55928_Pelled_Figure7A_DayOne. Video Editor please show the image labeled sagittal 2D (without the label) here. 
4.1.3. LAB MEDIA: 55928_Pelled_Figure7A_DayOne. Video Editor please show the image labeled axial 2D (without the label) here. 
4.2. As seen here, bone formation occurs over time and is detected with longitudinal imaging [1-LM]. 
4.2.1. LAB MEDIA: 55928_Pelled_Figure7A. Video Editor please start with the “day one” panel of images and then replace the “day one” image with the “week 2” panel followed by “week 4”, “week 8” and “week 12”. 
4.3. Bone volume density [1-LM] and apparent density [2-LM] were calculated and compared using a repeated measures two-way ANOVA with Bonferroni correction for multiple comparisons [3-LM-TXT]. As seen here, bone volume density [4-LM] and apparent density significantly increase from 2 weeks after the creation of the vertebral defect [5-LM]. 
4.3.1. LAB MEDIA: 55928_Pelled_Figure7BC. Video Editor please show image and highlight ‘BVD %’ on the left histogram when “bone volume density” is narrated. 
4.3.2. LAB MEDIA: 55928_Pelled_Figure7BC. Video Editor please show image and highlight ‘AD mm Hg/cm3’ on the right histogram when “apparent density” is narrated. 
4.3.3. LAB MEDIA: 55928_Pelled_Figure7BC. Video Editor please show image with TEXT: Error bars represent SEM. **** - p<0.0001.
4.3.4. LAB MEDIA: 55928_Pelled_Figure7BC. Video Editor please place red box or similar around the bars above week 2 to week 12 when “bone volume density” is narrated. 

4.3.5. LAB MEDIA: 55928_Pelled_Figure7BC. Video Editor please hold red box from previous and add red box or similar around the bars above week 2 to week 12 when “and apparent density” is narrated.
5. Conclusion (said by authors on camera)

5.1. Gadi Pelled: Following this procedure, other methods like histology and immunohistochemistry can be performed in order to answer additional questions like  which cells are present and what proteins are expressed in the defect .
5.2. Gadi Pelled: After watching this video, you should have a good understanding of how to create multiple vertebral defects in Nude rats and analyze bone regeneration over time in these defects. 
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.  

1. Steps3.4-3.6.mov
2. Steps3.7-3.9.mov
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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