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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of your protocol will viewers benefit most from having filmed? 
2.9., 2.11., 2.14., 2.15., 3.7.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.8. The creation of the 4 guide holes is necessary for a correct positioning of the pins, thereby ensuring a good distribution of the mechanical stress. For this step, use the guide and take care when drilling the two cortices. As soon as the drill penetrates the second cortex, it is important to stop drilling so as to avoid damaging the soft tissues just beneath the femur.
E. Will the filming need to take place in multiple locations? Y, different buildings within walking distance
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 protocol is to reproducibly and efficiently induce femoral distraction osteogenesis in a rat model to assess functional bone regeneration. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Martine Pithioux: This method can help answer key questions in the osteogenesis medicine field about determining and shortening the consolidation period or about identifying the mechanisms of bone repair. 
1.2. Martine Pithioux: The main advantage of this technique is that the homemade external fixator and the guide used during the surgery provide a stable environment for optimal bone regeneration.   
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Flavy Roseren: The implications of this technique extend toward therapeutic upper and lower limb lengthening or of bone defects that occur after bone tumor excision surgery. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Martine Pithioux: Demonstrating the procedure will be Edouard Lamy, a pharmacy lecturer from my laboratory. 
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, 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)
1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the University of Aix-Marseille and by the French Research Ministry. 
Protocol: (read by voice talent at JoVE)
2. Femur Explant Fixator Implantation and Osteotomization
2.1. Begin by placing an anesthetized, 12-week old, male, Sprague Dawley rat in the left lateral position [1-WIDE-TXT] and removing the hair from the right hind limb [2-CU].
2.1.1. Few seconds Talent placing rat into position (Videographer: More Talent than rat in shot) (TEXT: Anesthesia: ketamine 75 mg/kg + medetomidine 0.15 mg/kg i.p.)
2.1.2. Few seconds hair being removed
2.2. After applying eye ointment, disinfect the surgical area with povidone-iodine solution [1-CU] and place the animal in the supine position [2-MED-TXT].
2.2.1. Few seconds skin being disinfected, with povidone-iodine solution container visible in frame
2.2.2. Talent placing rat into position (Videographer: More Talent than rat in shot) (TEXT: Protect animal’s eyes w/ sterile compress) 
2.3. With the external fixator positioned along the mediolateral axis, use a marker to make one point at the knee [1-CU] and a second point at the hip along the median line of the sagittal plane [2-CU]. 
2.3.1. Few seconds point being made 
2.3.2. Few seconds point being made
2.4. Connect the two points [1-CU] and use a scalpel to make a skin incision along the line [2-ECU], cutting between the biceps femoris and the vastus lateralis until the femur is fully exposed [3-CU-TXT].

2.4.1. Few seconds points being connected

2.4.2. Few seconds incision being made

2.4.3. Few seconds muscles being dissected (TEXT: Use two Senn’s retractors to facilitate muscle incision as necessary)
2.5. Lift the periosteum and use a rugine to disconnect the soft tissue from the bone [1-ECU].
2.5.1. Periosteum being lifted, then few seconds tissue being disconnected (Videographer: Split action into separate steps as necessary)
2.6. Insert pins into the most proximal and distal holes of the external fixator [1-CU].
2.6.1. Few seconds second pin being placed, with first pin in place visible in frame
2.7. If both pins can be anchored, use two Senn’s retractors to open the muscles [1-ECU] and tighten the clamp of a drilling guide in the middle of the femur [2-CU].
2.7.1. Few seconds retractor being placed

2.7.2. Few seconds clamp being tightened
2.8. Starting with the proximal and distal holes [1-ECU-TXT] and finishing with the middle two holes, pass a metal 0.6-mm drill bit through the bone to create four guide holes [2-ECU-TXT].
2.8.1. Few seconds proximal or distal hole being drilled (TEXT: Drill at 2000 rpm)
2.8.2. Few seconds middle hole(s) being drilled (TEXT: Caution: Do not damage soft tissue below femur)
2.9. Using a 0.8-mm, half-threaded pin, work the pin back and forth to enlarge the 4 pre-holes, taking care to stay perpendicular to the femur [1-CU-TXT].

2.9.1. Few seconds at least one hole being enlarged (TEXT: Sink through both cortices)
2.10. To implant the pins, use a needle holder to grasp the head of each 1-mm, half-thread pin [1-CU] and individually sink the pins to enlarge the guide holes [2-ECU-TXT].

2.10.1.  Pin being grasped

2.10.2.  Few seconds pin being sunk (TEXT: Repeat for each pin)
2.11. Use a Senn’s retractor to confirm that the pins penetrate both of the cortices without protruding more than 1 mm [1-CU].
2.11.1.  Few seconds pin penetration being confirmed
2.12. When the pins are in place, connect the external fixator to the half-threaded pins, making sure that the offset is about 6 mm to allow easy stitching and good rigidity [1-CU-TXT].
2.12.1.  Few seconds fixator being connected (Video Editor: please indicate 6 mm offset when mentioned if possible/appropriate) (TEXT: Offset: Distance between fixator’s two blocks and bone surface)  
2.13. Then secure the four locking screws so that the external fixator is locked to the pins [1-ECU].
2.13.1.  Few seconds one screw being secured
2.14. Using a piezotome, perform an osteotomy between the 2 central pins [1-CU].
2.14.1.  Few seconds osteotomy being performed 

2.15. Then use a Mayo-Hegar needle holder, a resorbable 5.0 suture thread, and a continuous stitch to close the wound [1-CU-TXT].
2.15.1.  Few seconds suture being placed (TEXT: Caution: Stitch only skin, not muscle)

2.16. Immediately after the surgery, x-ray the animal to check the depth of the pins and the alignment of the osteotomized extremities along the long axis [1-MED].
2.16.1.  Few seconds Talent at x-ray, imaging the animal
2.17. Then allow rat to recovery fully with monitoring [2-MED-TXT].

2.17.1.  Talent placing rat under heat lamp or other appropriate representative shot (TEXT: See text for full post-surgery monitoring details)
3. Distraction and Femur Resection
3.1. After one week, x-ray the limb to re-check the positioning of the pins and the alignment of the bone segments [1-WIDE-TXT].

3.1.1. Talent placing rat under x-ray (TEXT: 1 d post-surgery confirm normal ambulation on implanted hind limb)  

3.2. To perform the distraction, manually turn the square nut one half turn clockwise every 12 hours for 10 days [1-ECU-TXT].

3.2.1. Few seconds nut being turned [TEXT: i.e. 5 mm (12%) bone lengthening relative to initial bone segment length)

3.3. X-ray the limb half-way through [1-LM] and at the end of the distraction process to monitor the positioning of the pins and the alignment of the bone segments [2-LM].

3.3.1. 56433_figure1.tif: please indicate day 17 and day 45 images 
3.3.2. 56433_figure1.tif: please indicate day 64 image
3.4. At the end of the distraction, x-ray the limb weekly, removing the external fixator on Day 64 [1-CU].
3.4.1. Few seconds fixator being removed
3.5. On Day 66, use a scalpel to make a skin incision through the surgery scar from the top of the hip to the front of the knee [2-CU-TXT].

3.5.1. Few seconds incision being made (TEXT: Euthanasia: Anesthesia overdose)
3.6. Cut between the biceps femoris and the vastus lateralis until the femur is fully exposed, disconnecting the muscle from the bone as much as possible [1-ECU].
3.6.1. Few seconds muscle being cut/dissected (Videographer: Split action into separate shots as necessary)
3.7. Cut all of the ligaments of the knee [1-ECU], dismantle the articulation [2-ECU], and cut the joint capsule of the hip [3-ECU].
3.7.1. Few seconds ligaments being cut (Videographer: Combine 3.7.1. and/or 3.7.2. and/or 3.7.3. as appropriate)

3.7.2. Few seconds articulation being dismantled (Videographer: Combine 3.7.1. and/or 3.7.2. and/or 3.7.3. as appropriate)

3.7.3. Few seconds joint capsule being cut (Videographer: Combine 3.7.1. and/or 3.7.2. and/or 3.7.3. as appropriate)
3.8. Clean the bone thoroughly without removing the pins [1-CU], using a scalpel to remove all of the soft tissue [3-ECU-TXT].

3.8.1. Few seconds bone being cleaned

3.8.2. Few seconds soft tissue being removed (TEXT: Repeat resection for contralateral femur)
3.9. When the contralateral femur has been cleaned, x-ray both femurs [1-MED], remove the pins [2-CU], and store the femurs at -20 °C for microcomputed tomography scan analysis [3-MED].
3.9.1. Few seconds Talent x-raying femur

3.9.2. Few seconds pin(s) being removed

3.9.3. Talent placing femurs at -20 °C
4. Results: Representative Femur Regeneration Analyses
4.1. In this representative experiment, x-ray imaging from immediately after the surgery [1-LM] through the end of the consolidation [2-LM] revealed that the half-threaded pins within the femur pins remained parallel, well-preserved and unloosened throughout the procedure, indicative of a stable anchorage [3-LM].
4.1.1. 56433_figure1.tif: please highlight/indicate Day 0 image

4.1.2. 56433_figure1.tif: please highlight/indicate Day 64 image

4.1.3. 56433_figure1.tif: please indicate pins in Day 64
4.2. Moreover, the osteotomized extremities had clearly been well-aligned along the longitudinal axis of the bone during the distraction osteogenesis process [1-LM].
4.2.1. 56433_figure1.tif: no animation
4.3. At the end of the latency period, no calcified areas were visible near the osteotomized extremeties [1-LM].

4.3.1. 56433_figure1.tif: please highlight/indicate day 7 image and please add OE texts as in original Figure 2B
4.4. At the end of the distraction period, a few calcified areas were visible close to the preexisting cortices [1-LM]. 
4.4.1. 56433_figure1.tif: please highlight/indicate day 17 image and please add black rectangular outlines as in original Figure 2C
4.5. After 28 days of consolidation, the non-calcified region of the gap between the osteotomized extremities was smaller [1-LM] and a periosteal callus could be observed near the gap level with the pins [2-LM].

4.5.1. 56433_figure1.tif: please highlight/indicate day 45 image and add asterisk as in original Figure 2D
4.5.2. 56433_figure1.tif: keeping day 45 image highlighted/indicate, please add arrows as in original Figure 2D
4.6. After 47 days of consolidation, the regenerating callus was completely bridged [1-LM].
4.6.1. 56433_figure1.tif: please highlight/indicate Day 64 image 
4.7. After removal of the external fixator and 2 days of physiological weight-bearing [1-LM], the animals displayed a physiological gait and no evidence of fracture could be observed [2-LM].

4.7.1. 56433_figure6.tif: no animation

4.7.2. 56433_figure6.tif: please outline/indicate area where fracture was (see previous images from Figure 2)

4.8. Three-D micro-computed tomography analysis of the serial longitudinal sections of the regenerating callus demonstrated that calcified bridging was always present [1-LM], with a continuous outer cortical observed at the periphery of the regenerating callus [2-LM].
4.8.1. 56433_figure7.tif: please add yellow arrows as in original Figures 3C and 3D
4.8.2. 56433_figure7.tif: please add black arrows as in original Figures 3C and 3D
4.9. After 49 days of consolidation, no fracture was observed, despite the persistence of a less mineralized region at the center of the regenerated callus [1-LM].
4.9.1. 56433_figure8.tif: please indicate blue staining in both images
5. Conclusion (said by authors on camera):
5.1. Edouard Lamy: Once mastered, this surgical technique can be completed in 45 minutes if it is performed properly.

5.2. Edouard Lamy: While attempting this procedure, it’s important to remember to maintain a sterile environment during the surgery and to thoroughly monitor the animal after the surgery. 
5.3. Edouard Lamy: After its development, this technique paved the way for researchers in the field of medicine to improve the distraction osteogenesis technique, particularly for shortening the consolidation period in a clinical practice [1-ECU].
5.3.1. Use 3.2.1. nut(s) being turned

5.4. Edouard Lamy: Following this procedure, other methods, like adding growth factors or biomaterials, can be performed to answer additional questions, such as, can the consolidation of the bone be improved?
5.5. Edouard Lamy: After watching this video, you should have a good understanding of how to perform femoral lengthening in a rat model, using these techniques as a guide to ensure parallelism between the pins. 
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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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.  

56433_figure1.tif- X-ray images from 0 to 66 days.
56433_figure6.tif- X-ray at day 66.
56433_figure7.tif- Micro-CT imaging of the outsides parts of the regenerated callus.
56433_figure8.tif- Micro-Ct imaging of the inside of the regenerated callus.
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 in the email accompanying the finalized script.

( 2017, Journal of Visualized Experiments


