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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.5.-2.24.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? n/a

E.  Will the filming need to take place in multiple locations? N 
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 surgical technique is to standardize the analysis of bone healing in mice. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Tina Histing: This surgical technique can help answer key questions in bone healing research about the roles of bone morphogenetic proteins and vascular growth factors in the mechanisms of bone repair. 
1.2. Tina Histing: The main advantages of this technique are the reproducibility of the femur osteotomy and the high axial and rotational stability facilitated by the use of the intramedullary locking nail. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.3. Tina Histing: Demonstrating the procedure will be Tobias Fritz, a colleague of our department. 

1.3.1. Interview style: Author saying the above 

1.3.2. Tobias Fritz 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) at Landesamt für Verbraucherschutz, Zentralstelle Amtstierärztlicher Dienst, Saarbrücken, Germany
Protocol (read by voice talent at JoVE):
2. Nail implantation
2.1. One day before the surgery until three days after the surgery, add tramadol-hydrochloride to the animal’s drinking water for analgesia [1-WIDE].

2.1.1. Few seconds Talent adding tramadol-hydrochloride to water bottle OR Talent putting water bottle into cage with tramadol-hydrochloride container visible in frame

2.2. On the day of the surgery, confirm the appropriate level of sedation of a 25-35 gram mouse by a lack of response to toe pinch [1-ECU-TXT] and place the animal under a heat radiator [2-MED-TXT].

2.2.1. Few seconds toe being pinched (TEXT: Anesthesia: xylaznie 15 milligrams/kilogram + ketamine 75 milligram/kilogram i.p.) 

2.2.2. Talent placing mouse under radiator (Videographer: More Talent than mouse in shot) (TEXT: Here 12-14 wk old CD-1 mice are shown).

2.3. Shave the entire right hind leg of the animal [1-CU] and apply depilatory cream [2-CU].

2.3.1. Few seconds leg being shaved

2.3.2. Few seconds cream being applied

2.4. After 5 minutes, remove the cream [1-CU] and clean the leg with water [2-CU]. Then disinfect the surgical site with 96% ethanol [3-CU].

2.4.1. Few seconds cream being removed

2.4.2. Few seconds leg being washed

2.4.3. Few seconds skin being disinfected, with ethanol container visible in frame if possible

2.5. Under aseptic conditions, place the mouse in the supine position on the operating table [1-MED] with the right knee bent to allow an anterior approach of the knee condyles [2-CU].
2.5.1. Talent placing mouse on table (Videographer: More Talent than mouse in shot)

2.5.2. Few seconds knee being bent/adjusted
2.6. Next, use a sterilized size 15 scalpel blade to make a 5 mm medial parapatellar incision in the right knee [1-CU-TXT].

2.6.1. Few seconds incision being made (TEXT: See text for all instrument preparation/sterilization details)

2.7. Then use fine forceps to lift the exposed patellar ligament [1-CU] and use the blade to carefully mobilize the ligament [2-CU].

2.7.1. Few seconds ligament being lifted (Videographer: Combine 2.7.1. and 2.7.2. as appropriate)

2.7.2. Few seconds ligament being mobilized (Videographer: Combine 2.7.1. and 2.7.2. as appropriate)

2.8. Shifting the patella laterally with the blade to expose the intercondylar notch of the femur [1-CU], use a hand drill equipped with a 1 mm centering bit and held at a 45° offset to the femur axis [2-CU] to bore the intercondylar notch [3-CU]. 
2.8.1. Few seconds patella being shifted

2.8.2. Drill entering frame (Video Editor: if possible, please indicate 45° angle when mentioned with angle animation/arrow/other appropriate)

2.8.3. Few seconds notch being drilled
2.9. Slowly changing the direction of the bit, drill until the bit parallels the bone axis of the femur [1-CU], stopping when the intramedullary cavity is reached [2-CU].
2.9.1. Few seconds bone being drilled/direction being changed

2.9.2. Drill stopping at intramedullary cavity
2.10. When the intercondylar notch is open [1-CU], insert a 24 gauge needle into the cavity over the entire length of the femur [2-CU] and rotate the needle to manually ream the intramedullary cavity [3-CU].
2.10.1. Shot of open notch (Videographer: Combine 2.10.1. and 2.10.2. as appropriate)
2.10.2. Few seconds needle being inserted (Videographer: Combine 2.10.1. and 2.10.2. as appropriate)
2.10.3. Few seconds needle being rotated 
2.11. Then replace the 24 gauge needle with a 27 gauge needle [1-CU] and push the 27 gauge needle forward to perforate the cortical bone of the femur proximally at the greater trochanter [2-CU].
2.11.1. Few seconds 27 gauge needle being inserted

2.11.2. Few seconds needle being pushed 

2.12. Remove the 27 gauge needle [1-CU] and use the hand drill to implant the intramedullary nail through the intercondylar notch under continuous rotation and axial pressure [2-CU] until the distal end of the nail reaches the condyles [3-CU-TXT].

2.12.1. Needle being removed

2.12.2. Few seconds nail being implanted

2.12.3. Shot of distal end of nail at condyles (TEXT: Distal end of nail can be identified w/ small mark)
2.13. Now place the mouse in the left lateral position [1-MED] and use the scalpel to make a longitudinal skin incision along the diaphyseal region of the lateral femur from the hip joint to the knee joint [2-CU] to surgically expose the midshaft of the femur [3-CU].
2.13.1. Talent placing mouse in left lateral position (Videographer: More Talent than mouse in shot)

2.13.2. Few seconds incision being made

2.13.3. Shot of exposed femur midshaft
2.14. Using small preparation scissors, split the fascia [1-CU] and spread the muscles toward the femur axis from the lateral side until the diaphyseal region of the femur is exposed [2-CU-TXT].

2.14.1. Few seconds fascia being split

2.14.2. Few seconds muscles being spread/diaphyseal region being exposed (TEXT: Caution: Preserve sciatic nerve)

2.15. Undermine the bone with the dressing forceps [1-CU]. Then spread the dressing forceps [2-CU] and retract the muscles to expose the femur [3-CU].
2.15.1. Few seconds forceps being placed

2.15.2. Few seconds forceps being spread

2.15.3. Few seconds muscle being retracted/femur being exposed
2.16. Mount the aiming device to the distal end of the nail [1-CU], advancing the device until it attaches to the adapter flange of the nail [2-CU].

2.16.1. Few seconds aiming device being mounted

2.16.2. Few seconds device being advanced

2.17. Then turn the aiming device to an anterolateral angle to the femur [1-CU] and use the centering 1 mm diameter drill bit to create a small cavity in the facing cortical bone at the proximal interlocking hole position [2-CU-TXT].
2.17.1. Few seconds device being turned

2.17.2. Few seconds cavity being made (TEXT: Caution: Do not drill through bone)

2.18. Next, with a 0.3 mm diameter drill bit, use the aiming device to drill a hole through both the facing [1-CU] and averted cortical bones [2-CU]. 
2.18.1. Few seconds hole being drilled through facing bone

2.18.2. Few seconds hole being drilled through cortical bone

2.19. Insert the proximal interlocking pin through the aiming device [1-CU]. The interlocking pin drive shaft will shear off as soon as the interlocking torque is achieved [2-CU-TXT].

2.19.1. Few seconds pin being inserted

2.19.2. Few seconds shaft being sheared (TEXT: Place distal interlocking pin in same manner)
2.20. When both the proximal and distal interlocking pins have been placed [1-CU], equip the aiming device with the saw guide on the lateral side between the two interlocking pins [2-CU] and saw the bone with a Gigli saw under continuous irrigation with saline [3-CU].
2.20.1. Shot of both placed pins

2.20.2. Few seconds saw guide being attached

2.20.3. Few seconds bone being sawed with saline irrigation 
2.21. When the osteotomy is complete, cut the saw at one end close to the bone [1-CU] and carefully remove the blade to avoid causing damage to the soft tissue [2-CU].
2.21.1. Few seconds saw being cut 
2.21.2. Few seconds saw being removed

2.22. Remove the aiming device [1-CU] and use small pincers to clip off the remaining shaft of the intramedullary nail at the marked line [2-CU].
2.22.1. Few seconds aiming device being removed

2.22.2. Shaft being clipped 

2.23. Then close the muscle layers at the lateral site of the femur [1-CU] and use single sutures to close the skin [2-CU].

2.23.1. Few seconds muscles being closed

2.23.2. Few seconds skin being closed

2.24. At the anterior site of the knee, reposition the patella [1-CU] and fix the patella tendon to the muscles with one single suture [2-CU], followed by closure of the wound with single sutures [3-CU].
2.24.1. Few seconds patella being repositioned

2.24.2. Few seconds tendon being sutured

2.24.3. Few seconds wound being sutured

2.25. Finally, allow the animal to recover under the heat lamp with monitoring until fully recovered [1-MED-TXT].

2.25.1. Talent placing animal under lamp (Videographer: More Talent than mouse in shot) (TEXT: See text for complete post-surgical monitoring/analgesia administration details)
3. Results: Representative post nail implantation analyses
3.1. The most significant complication that can occur is the incorrect implantation of the locking nail, with the protrusion of the nail level to the condyles of the knee joint [1-LM]. This mainly occurs due to the incorrect handling of the aiming device or the use of an animal with a too-small femur, particularly in mice with body weights below 20 grams [2-LM]. 
3.1.1. Figure 3A: please add white arrow as in original Figure 3A
3.1.2. Figure 3A: no animation

3.2. Another complication is the dislocation of an interlocking pin [1-LM], which is mainly caused by an incomplete insertion of the pin and can be avoided by radiographic confirmation of the correct implant placement during or immediately after the surgery [2-LM]. 
3.2.1. Figure 3B: please add black arrow as in original Figure 3B
3.2.2. Figure 3B: no animation

3.3. Radiological analysis after 5 weeks confirms a complete healing of the 0.25 mm osteotomy gap, at which point the periosteal callus is almost completely remodeled [1-LM].
3.3.1. Figure 4A: please indicate area of bone between pins
3.4. In contrast, in femora stabilized with a 2 mm gap, the osteotomy does not heal and reliably exhibits an atrophic non-union formation for up to 10 weeks of bone healing [1-LM].
3.4.1. Figure 4B: please indicate area of bone between pins
3.5. After stabilization with a 0.25 mm osteotomy gap, histological analysis reveals a typical pattern of secondary fracture healing with callus formation, including intramembranous and endochondral ossification that is remodeled into lamellar bone at 5 weeks [1-LM].
3.5.1. Figure 5A: please outline/indicate middle area of bone (include top and bottom green stained areas)
3.6. In contrast, femora stabilized with 2 mm osteotomy gaps demonstrate an atrophic non-union after 10 weeks that is associated with a high amount of fibrous tissue within the osteotomy gap and no evidence of bone healing or bridging [1-LM].
3.6.1. Figure 5B: please outline/indicate middle area of bone (e.g. between round green bone pieces and including black individual cells/debris)
4. Conclusion (said by authors on camera)

4.1. Author Name: Once mastered, this technique can be completed in 20 minutes if it is performed properly.

4.2. Author Name: After watching this video, you should have a good understanding of how to use this technique as a standardized model for fracture healing research.
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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.  
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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.

�Authors: please indicate the full name(s) of the Authors who will be speaking these statements
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