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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y, using binoculars_____  (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)_Y_______ 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. Noted, thanks.

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.) _2.2, 3.4, 3.5, 4.5, 4.6______

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.) ___ The single most challenging aspects are the surgical steps, such as avoiding massive bleeding at step 2.7 and correct insertion of the butterfly needle at step 3.4. The key to ensure success is finding landmarks such as locating the defect site in respect to the lamboid suture in the first example, or locating the heart apex in the later example.  

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

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 monitor the integration of cranial bone grafts in terms of bone regeneration and neovascularization, using multimodal imaging approaches. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Dr. Zulma Gazit: This method can help answer key questions in the regenerative medicine field, such as the nature of osteogenesis-angiogenesis coupling. 

1.2. Dr. Zulma Gazit: The main advantage of this technique is that it provides a high-resolution 3D demonstration of the vascular tree, and it enables study of the complete organ.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. ** Dr. Zulma Gazit: Demonstrating the procedure will be Doron Cohn Yakubovich, a grad student from my laboratory.  

1.3.1. Interview style: Author saying the above 

1.3.2. The named student 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)

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) of The Hebrew University of Jerusalem, Israel (Request No. MD-12-13524-4), an AAALAC approved facility, and by the Cedars-Sinai Medical Center IACUC (Request No. 3770). The animals were treated in strict adherence to NIH guidelines.
Protocol (read by voice talent at JoVE):

2. Preparation of Bone Allografts
2.1. After euthanizing 7-8 week old FVB/n mice according to the text protocol [2.1.1-WIDE/MED], use a hair clipper to shave the calvarial region against the direction of hair growth [2.1.2-CU].  Apply 70% isopropanol to the carcass head to disinfect [2.1.3-CU].  Then use a number 11 scalpel to cut the scalp skin and remove the periosteum [2.1.4-CU].
2.1.1. Talent places euthanized animal on bench
2.1.2. Film as written

2.1.3. Film as written

2.1.4. Film as written
2.2. Using a dental drill and a 4.5 mm inner diameter trephine, detach a circular fragment of calvarial bone [2.2.1-CU].  Transfer the bone fragment to a 100 mm plastic dish containing sterile saline [2.2.2-CU].  At this point, observe blood and soft tissue attached to the bone fragment [2.2.3-CU/ECU] (Figure 1A).

2.2.1. Film as written

2.2.2. Film as written

2.2.3. Shot of bone fragment with blood and soft tissue attached

2.3. With curved tweezers, hold one bone fragment at a time and use a cotton-tipped applicator to swab it thoroughly, removing any brain tissue, soft tissue, and blood [2.3.1-CU] (Figure 1B).

2.3.1. Film as written  

2.4. Use fine scissors to gently cut away any bone chips that remain attached to the graft so that the graft will have a perfect rounded shape [2.4.1-CU/ECU].
2.4.1.    Film as written

2.5. Dip each graft once in a 15 ml tube containing 70% ethanol and twice in 15 ml tubes containing PBS to wash off the ethanol [2.5.1-CU].  Freeze the allografts in a -80(C freezer in cryotubes for at least one week [2.5.2-WIDE].  After freezing, ensure the allografts appear transparent [2.5.3-LM].

2.5.1. Film as written

2.5.2. Talent places samples into -80 degrees C freezer

2.5.3. LAB MEDIA Figure 1C

3. Calvarial Defect Surgery

3.1. Working with recipient, transgenic mice that express luciferase under the control of the osteocalcin promoter [3.1.1-WIDE/MED], after anesthetizing a 7 to 8 week-old female mouse and verifying sedation [3.1.2-MED/CU-TXT], use a hair clipper against the direction of hair growth to shave the calvarial region [3.1.3-CU].
3.1.1. Talent removes transgenic mouse from cage/box

3.1.2. Talent places anesthetized mouse on bench and performs toe pinch (TEXT: refer to text protocol)

3.1.3. Film as written
3.2. Apply a depilatory to remove any fur remnants [3.2.1-CU] and use dry gauze to wipe it off after no longer than 2 minutes [3.2.2-CU].  Then use gauze soaked in saline to wipe down the area [3.2.3-CU].
3.2.1. Film as written

3.2.2. Film as written

3.2.3. Film as written
3.3. Disinfect the scalp by applying 5% chlorhexidine [3.3.1-CU] (Figure 1D).  Subcutaneously inject 5 mg/kg of carprofen diluted in 200 ul of saline [3.3.2-CU].  Apply eye ointment to prevent dryness and keep the animal on a thermal pad at all times [3.3.3-CU].  Then position the animal under the operating binoculars [3.3.4-MED/CU].
3.3.1. Film as written

3.3.2. Film as written

3.3.3. Talent finishes applying eye ointment and transfers animal to thermal pad

3.3.4. Film as written

3.4. Next, using fine scissors and tweezers, make a 1-cm long oval cut in the scalp skin [3.4.1-SCOPE] (Figure 1E).  With tweezers, hold the periosteum and use fine scissors to cut it away [3.4.2-SCOPE].  

3.4.1. Film as written

3.4.2. Film as written
3.5. With a dental drill and a 5 mm outer diameter trephine, drill the calvarial defect 2 mm anterior to the lambdoid suture [3.5.1-SCOPE] (Figure 1F, G).  To avoid penetration of the dura mater, drill three fourths of the way into the bone and use a spatula to detach the bone fragment [3.5.2-SCOPE].
3.5.1. Film as written

3.5.2. Talent finishes drilling and then uses spatula to detach bone fragment
3.6. Dr. Zulma Gazit: One critical step in the protocol is determination of the defect location. Injury to the lambdoid suture will lead to massive bleeding. Therefore, care should be taken not to disrupt the underling dura mater and the superior sagittal sinus [3.6.1-MED].
3.6.1. Interview-style, film as written
3.7. To implant an autograft, use 10 ml of sterile saline in a 10 mm plastic plate to wash the bone fragment without removing the soft tissue [3.6.1-CU].   To implant an allograft, thaw and normalize the sample to room temperature [3.6.2-MED/CU], then wash the bone fragment [3.6.3-CU].
3.7.1. Film as written

3.7.2. Talent places sample on bench to thaw

3.7.3. Film as written

3.8. With curved tweezers, place the bone graft in the defect so it will not touch the defect margins [3.7.1-SCOPE] (Figure 1H).  Then using fibrin gel, glue the graft to the host bone [3.7.2-SCOPE-TXT]. 
3.8.1. Film as written

3.8.2. Film as written (TEXT: 5 (l of 46 mg/ml fibrinogen; 5 (l of 25 U/ml thrombin)
3.9. Suture the skin with 4-0 vicryl suture (Figure 1I) and apply povidone-iodine to the surgical cut [3.8.1-SCOPE].  Mark the mouse ear [3.8.2-CU] and inject 0.25 mg/kg Antisedan to reverse the anesthetic effect of the medetomidine [3.8.3-SCOPECU].  Carry out post-operative care according to the text protocol [3.8.4-MED/CU].
3.9.1. Talent finishes suturing skin and applies povidone-iodine
3.9.2. Film as written

3.9.3. Film as written

3.9.4. Animal recovering on warming pad and talent places animal in individual cage
4. Micro-compound Tomography for Characterization of the Vascular Tree
4.1. Prepare heparinized saline by weighing 2000 units of sodium heparin and transferring to a 50 ml tube [4.1.1-MED/CU].  
4.1.1. Talent transfers heparin from scale to tube

4.2. Fill a 20 ml Luer lock syringe with 15 ml of warmed heparinized saline and connect the syringe to a 23-G scalp vein set [4.2.1-CU].  Affix the syringe to a syringe pump and set the pump for 10 ml at 1 ml/min [4.2.2-CU].
4.2.1. Talent finishes filling syringe with saline and connects to scalp vein set
4.2.2. Film as written
4.3. After anesthetizing a mouse according to the text protocol, confirm sedation with a toe pinch and secure the mouse on its back to a fixation board wrapped with an absorbent surface liner [4.3.1-CU] (Figure 2A).  

4.3.1. Talent places anesthetized mouse on board, performs toe pinch and fixes to board
4.4. Next, cut the skin from the abdomen to the neck [4.4.1-SCOPE/CU] (Figure 2B).  Cut the abdominal wall up to the xiphoid process [4.4.2-SCOPE/ECU] (Figure 2C).  Then cut the rib cage along its lateral aspect [4.4.3-SCOPE/ECU].  

4.4.1. Film as written

4.4.2. Film as written

4.4.3. Film as written

4.5. Making sure the heart is fully exposed and the heart and lungs are undamaged, use a hemostat to retract the sternum [4.5.1-SCOPE/ECU] (Figure 2D).  Insert the butterfly needle 3 mm into the left ventricle [4.5.2-SCOPE/ECU] (Figure 2E).  Then with 3-sec glue, glue the needle to the heart and chest wall [4.5.3-SCOPE/ECU] (Figure 2F). 
4.5.1. Talent points out heart and lungs then uses hemostat to retract sternum

4.5.2. Film as written

4.5.3. Film as written

4.6. Doron Cohn Yakubovich: Insertion of the butterfly needle into the left ventricle is a delicate procedure. Avoid insertion to the right ventricle, or too deep into the left ventricle, because it will perforate the posterior heart wall [4.6.1-MED].
4.6.1. Interview-style, film as written
4.7. Next, immediately activate the pump [4.6.1-MED/CU].  After a minute, dissect the inferior vena cava in order to depressurize the vasculature [4.6.2-SCOPE/ECU] (Figure 2G).  Tilt the board so that fluids flow away from the head [4.6.3-CU].  Successful perfusion will result in a clearing of the liver and blood vessels [4.6.4-SCOPE/ECU].
4.7.1. Film as written

4.7.2. Film as written

4.7.3. Film as written

4.7.4. Shot of liver and blood vessels cleared of blood

4.8. Now, perfuse 10 ml of 4% formaldehyde, avoiding penetration of air bubbles into the vasculature [4.7.1-CU/ECU].  When perfusion is complete, as signified by a stiffening of the tail [4.7.2-CU], use 10 ml of heparinized saline to flush out the formaldehyde [4.7.3-CU].
4.8.1. Film as written

4.8.2. Shot of stiff tail

4.8.3. Film as written

4.9. Prepare the radio-opaque contrast agent according to the manufacturer’s instructions by mixing the compound, diluent, and curing agent in a plastic tube [4.8.1-CU]. 
4.9.1. Talent uses serological pipettes to add and mix ingredients in tube

4.10. Perfuse the animal with the contrast agent at a rate of 1 ml/min [4.9.1-CU].  The intestinal and hepatic blood vessels should turn yellow [4.9.2-CU/ECU] (Figure 2H).

4.10.1.   Shot of perfusion rate

4.10.2. Talent points out intestinal and hepatic blood vessels that are now yellow

4.11. When perfusion is complete, cut the tubing to the butterfly needle [4.10.1-CU] and wrap the carcass in paper to prevent leakage of the solution to the calvarial region [4.10.2-CU].  Place the animal at 4(C overnight to allow polymerization [4.10.3-WIDE/MED].
4.11.1. Film as written

4.11.2. Film as written

4.11.3. Talent places animal in fridge

4.12. The following day, to dissect the calvarial region (Figure 2I) [4.11.1-MED/CU], use a scalpel to cut the skin as lateral as possible, avoiding damaging the cranial region of interest [4.11.2-SCOPE/ECU].  Locate the bone graft and then use fine scissors to cut the cranial bone 10 mm away from the graft [4.11.3-SCOPE/ECU].
4.12.1. Talent places animal under scope

4.12.2. Film as written

4.12.3. Talent points out bone graft and uses scissors to cut
4.13. Using a microCT scanner [4.12.1-LM], set the field of view to 20.5 mm, X-ray energy to 55 kVp, intensity to 145 (A, 1000 projections per 360(, and an integration time of 200 ms [4.12.2-LM].  Scan the isolated calvarial bone sample [4.12.3-LM].
4.13.1. LAB MEDIA Visual 1, Editor, add in the red arrow here then transition to visual 2 for the details
4.13.2. LAB MEDIA Visual 2, Editor, Add blue arrow for ‘field of view’, add red arrow for X-ray energy…’ add yellow arrow for ‘integration time of 200 ms.’
4.13.3. LAB MEDIA Visual 1, Editor, add only the yellow arrow here for scanning

4.14. Observe the (CT software automatically reconstruct 2D slices.  Make sure to scan the region of interest properly and then locate the calvarial defect.  Assess the quality of the perfusion and after identifying the blood vessel [4.13.1-LM] (Figure 2J), use 6% trichloroacetic acid diluted in double distilled water to decalcify the sample [4.13.2-SCOPE/ECU]. 

4.14.1. LAB MEDIA Visual 3, Editor, add in the red arrow for locating the ‘calvarial defect.’   Add in the yellow arrow for ‘identifying the blood vessel.’ 

4.14.2. Talent decalcifies sample with 6% trichloroacetic acid

4.15. Rescan the sample using the same parameters as just described.  Locate the Lambdoid suture in the reconstructed 2D slices.  Define a cylindrical volume of interest, or VOI, 2 mm in height and with a diameter of 8mm that is tangential to the suture.  This is the anatomical site of the defect [4.14.1-LM]. 
4.15.1. LAB MEDIA Visual 4, Editor, add in the yellow arrow for ‘Locate the Lambdoid suture…’  Then for the VOI that is tangential, use a different arrow to point out the green circle from a different angle.
4.16. Next, to segment the bone from the soft tissue, set the lower threshold to 130 and apply a constrained 3D Gaussian filter (TEXT: sigma = 2.0 and support = 2) to partially suppress noise in the volumes [4.15.1-LM-TXT].  

4.16.1. LAB MEDIA Visual 5, Editor, place the text for ‘apply a constrained 3D Gaussian filter.’  Editor, use the red arrow to point to the 130 threshold when mentioned, then use the yellow/orange arrow to point out the Gauss Sigma and Gauss Support when 3D Gaussian filter is mentioned.

4.17. Generate a 3D reconstruction making sure the VOI is properly positioned (Figure 2K) [4.16.1-LM].  

4.17.1. LAB MEDIA Visual 6, Editor, add in the blue arrow here for ‘make sure the VOI is properly positioned.’

4.18. Using IPL software and the ‘dt_object_param” function, generate a thickness map [4.17.1-LM].  This function describes the vessel volume for each vessel diameter.  Carry out imaging and micro-compound tomography according to the text protocol [4.17.2-LM]. 

4.18.1. LAB MEDIA Visual 7  

4.18.2. LAB MEDIA Visual 8, Editor, for ‘This function describes…’ add in the red arrow.
5. Results: Cranial Bone Autograft and Allograft Analysis
5.1. As shown here, 7 days after surgery, (CT scanning demonstrated a significantly higher volume of small- and medium-diameter blood vessels that nourished the entire graft area in mice that had received autografts, compared to mice that had received allografts [5.1.1-LM]. 
5.1.1. LAB MEDIA Figure 3A, Editor, point out the red line at the 0.1 and 0.2 mm region on the X axis for the higher volume of small and medium-diameter vessels that received autografts.  Point out the blue line in the same region for the allografts.
5.2. In addition, fluorescence imaging showed significantly higher blood perfusion in autograft-treated animals [5.2.1-LM].
5.2.1. LAB MEDIA Figure 3B, Editor, point out the Autograft bar and picture on the graph here.
5.3. By day 14, the vascular tree in the allograft reached all of the graft’s proximity, yet vessel volume was significantly lower compared to the autograft group.  This difference was most prominent when vessels with 0.08 to 0.1 mm diameters were compared [5.3.1-LM].

5.3.1. LAB MEDIA Figure 3C, Editor, for the ‘vascular tree in the allograft reached…’ point out the allograft picture (circle) on the right of the graph and point out the autograft when mentioned.  For the last sentence, point out the difference in the red and blue traces just before the 0.1 mm area on the x axis.
5.4. As seen here, 28 days after surgery, the vasculature volume returned to baseline [5.4.1-LM].
5.4.1. LAB MEDIA figure 3D, Editor, point out the red and blue lines close to 0 on the X axis.
5.5. Seven days after surgery, the autograft group demonstrated significantly greater bone mineralization as seen by fluorescence imaging using a hydroxyapatite-directed probe.  Bone formed throughout the graft proximity in this group, while it formed only at the defect margins in the allograft group, as marked by a ring shape [5.5.1-LM].
5.5.1. LAB MEDIA Figure 4A, Editor, for the first sentence, point out the Autograft column in the graph.  For the second sentence, point out the larger yellow spot in the autograft group when mentioned and then the smaller yellow region in the allograft group when mentioned. 

5.6. Fifty-six days after surgery, bone volume was significantly higher and graft thickness was significantly greater in animals that received autografts versus allografts [5.6.1-LM].

5.6.1. LAB MEDIA Figure 4B-D, Editor, point out the Autograft volume on the graph and the thickness as well as the corresponding picture in B.  Then for ‘versus allografts’ point out the blue bars on the graph and the Allograft picture in B. 
6. Conclusion (said by authors on camera)

6.1. Dr Dmitriy Sheyn: Once mastered, this surgical technique can be done in 25 min if it is performed properly.  

6.2. Author Name: While attempting this procedure, it’s important to remember to adhere to guidelines of ethical work with animals.

6.3. Dr Dmitriy Sheyn: Following this procedure, Fluorescence Imaging using other probes can be performed in order to answer additional questions like osteoclast activity and involvement of immune response.

6.4. Author Name: After its development, this technique paved the way for researchers in the field of bone biology to explore the effect of pharmaceutical agents on bone grafting procedures. 

6.5. Dr. Zulma Gazit: After watching this video, you should have a good understanding of how to image bone regeneration and the underling angiogenesis. 

6.6. Author Name: Don't forget that working with formaldehyde can be extremely hazardous and precautions such as working in a hood should always be taken while performing this procedure.   

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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