Submission ID #: 58186
Editor Name: Jo Clark 
Videographer name: James Key
Film Date: 6/18/2018
Link: http://www.jove.com/files_upload.php?src=17633318
Authors and Affiliations: Robert L. Zondervan1,2, Mitch Vorce3, Nick Servadio4, Kurt D. Hankenson2

1College of Osteopathic Medicine, Michigan State University, East Lansing, MI, USA

2Department of Orthopaedic Surgery, University of Michigan Medical School, Ann Arbor, MI, USA 

3Lymann Briggs College, Michigan State University, East Lansing, MI, USA

4College of Engineering, Michigan State University, East Lansing, MI, USA 
Title: Fracture Apparatus Design and Protocol Optimization for Closed-stabilized Fractures in Rodents
Corresponding Author:  

Kurt D. Hankenson 
(kdhank@umich.edu)

Co-authors:

Robert L. Zondervan (rlz@msu.edu)

Mitch Vorce 

 (vorcemit@msu.edu)

Nick Servadio 
 (servadio@msu.edu)
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? No, however radiographs are measured.  We will provide the necessary screen grabs to illustrate the measuring process. 
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. 2.2, 3.4, 5.2, 5.5, 7.2
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. 3.4, 5.2
E.  Will the filming need to take place in multiple locations? NO 
1. Introduction (Experimental Goal and Author Interviews) 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Zondervan: This method can help answer key questions in the bone biology field, such as which interventions promote fracture healing. 
1.2. Zondervan: The main advantage of this technique is that It provides a simple method of deriving parameters for generating consistent fractures.   
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 Institutional Animal Care and Use Committee (IACUC) at the University of Michigan.
Protocol: (read by voice talent at JoVE)
2. Fracture Location
2.1. To locate the region for the fracture [1-BROLL], obtain radiographs of the limb femur or tibia to be fractured in a representative sample of 5 euthanized animals. Tibia images are shown here [2-LM].
2.1.1. If access is available to the x-ray equipment please get mock footage of Talent performing a scan. If not, videographer please just show the lab media for this soundbite.  
2.1.2.  LAB MEDIA: Digital radiographs of 5 tibias- ideally including that shown in figure 1A (to be provided).  
2.2. Mark the desired location of the fracture [1-BROLL] on the radiograph of the limb to be fractured [2-LM]. Measure from the calcaneal-tibial joint to the level of the marked fracture [3-LM]. Calculate the mean fracture length for all trial specimens [4-MED]. 
2.2.1. Footage of Talent working at the image analysis computer to electronically mark up the images. 
2.2.2. LAB MEDIA: 58186_Hankenson_Figure1A. Video Editor please show the radiograph without any of the lines, then add the dotted line.
2.2.3. LAB MEDIA: 58186_Hankenson_Figure1A. Video Editor please show the radiograph with the dotted line and add the solid yellow line marked FL. 
2.2.4. LAB MEDIA: Screen grab of spreadsheet showing the calculation of mean fracture length (to be provided). 
3. Fracture-Positioning Jig
3.1. On the adjustable fracture device, measure the distance from the outside surface of one support anvil to the center of guillotine impact [1-MED-over the shoulder]. 
3.1.1. Talent measures the distance from the outside surface of one support anvil to the center of guillotine impact using in the normal manner for the lab. 
3.2. Subtract the center of guillotine impact from the fracture length, to calculate the fracture-positioning jig depth, or JD [1-LM]. 
3.2.1. LAB MEDIA: Screen grab of spreadsheet showing the calculation of jig depth (to be provided). 
3.3. Machine or 3D-print a U-shaped channel with a height and a width equal to the anvil [1-MED-over the shoulder-TXT], and a depth equal to the JD [2-LM]. 
3.3.1. Talent holds a positioning jig above a technical drawing and shows the u-shaped channel to camera. TEXT: A sample technical drawing and CAD file are included in Supplementary Figures 12A and 12B. 
3.3.2. LAB MEDIA: 58186_Hanakerson_Figure3A_lower panel. 
3.4. Position the specimen in the fracture apparatus in the prone position for femur fractures [1-LM] or in the supine position for tibia fractures [2-LM]. Press the dorsum of the foot against the end of the fracture-positioning jig [3-CU]. Manually depress the guillotine until the limb fractures [4-MED-over the shoulder]. 
3.4.1. LAB MEDIA: 58186_Hankenson_Figure4B1
3.4.2. LAB MEDIA: 58186_Hankenson_Figure4A1
3.4.3. Mouse is in the supine position in the jig and Talent presses the foot against the jig. 
3.4.4. Talent manually depresses the guillotine.

3.5. Obtain a radiograph of the fractured limb to confirm the jig size and fracture location [1-LM]. 
3.5.1. LAB MEDIA: 58186_Hankenson_Figure1B. TEXT: TEXT: Increase JD if fracture is too distal. Decrease JD if fracture is too proximal. 
4. Stabilization of the Pin Parameters
4.1. To determine pin length, measure the limb length from the tibial plateau to the level of the posterior malleolus for tibia fractures [1-LM-TXT]. 
4.1.1. LAB MEDIA: 58186_Hankenson_Figure1A. Video Editor please show image without annotations and then add in the long line with ‘LL’. TEXT: Multiply bone length by 0.9 to calculate the pin length (PL) 
4.2. To determine pin width, measure the minimum medullary diameter in the fractured limb [1-LM]. Select a needle with a gauge approximately equivalent to the medullary diameter and a length more than 1.5-times pin length [2-MED-over the shoulder]. An approximate pin size for a 14-week-old C57BL/6J mouse is 22 G, 1½ in and 27 G, 1¼ in for femur and tibia, respectively [3-CU].
4.2.1. LAB MEDIA: 58186_Hankenson_Figure1A. Video Editor please show image without annotations and then add in the short horizontal line labeled ‘MD’.  
4.2.2. Talent looking through the drawer/box of needles. 
4.2.3.  A 22 G, 1½ needle is placed on the bench followed by a 27 G, 1¼ needle. 
4.3. Machine or 3D-print a gauge with a length equal to pin length minus the needle length [1-LM]. One end should have an overhang to rest against the hub of the needle and the other should indicate where the pin should be cut [2-CU-TXT]. 
4.3.1. LAB MEDIA: 58186_Hankenson_Figure 3B. Video editor please show the image on the left-hand side of the image without the blue lines with arrowheads. Please add in the arrow with ‘PL’ “when length equal to pin length” is narrated and the arrow with ‘CGL’ when “minus the needle length” is narrated. 
4.3.2. Talent’s hands show the gauge to camera. TEXT: A sample technical drawing and CAD file are included in Supplementary Figures 13A and 13B. 
5. Intramedullary Pin Fracture Stabilization
5.1. Use an electric clipper or depilatory cream to remove hair from the legs of non-fractured trial specimens from mid-tibia to mid-femur [1-MED], exposing the knee joint [2-CU].
5.1.1. Talent uses depilatory cream to remove hair from the leg of one of the cadavers. 
5.1.2. Shot of the bare area with the focus on the knee. 
5.2. To pin the tibia, insert the needle percutaneously lateral to the patellar ligament. Retract the patellar ligament medially and align the tip of the needle to the axis of the tibia. Using a reaming motion, gently breach the tibial plateau and guide the needle down the medullary cavity [1-CU-TXT]. 
5.2.1. *film as written. The movements are performed in the order described. About 45 seconds of footage is required. TEXT: See written protocol for femur pinning. 
5.3. Next, use the gauge [1-MED-over the shoulder] and ream until the exposed needle is equal to the gauge length. Retract the needle approximately 3-millimeters to provide enough room to cut the needle at the level indicated by the gauge [2-CU]. 
5.3.1. Talent moves the gauge into position. 
5.3.2. *film as written. 
5.4. Crimp 0.3-millimeters of the distal end of the pin using a needle driver or pliers [1-CU]. Sink the pin to the articular surface using a rod with a diameter 1.5x larger than the diameter of the needle [2-ECU]. 
5.4.1. The distal end of the pin is crimped as described. 
5.4.2. The rod is used to sink the pin. 
5.5. Obtain radiographs to confirm the needle extends the length of the medullary canal of the limb and does not protrude from the proximal or distal end [1-LM]. 
5.5.1. LAB MEDIA: 58186_Hankenson_Figure 1C. 
6. Impact depth
6.1. To determine impact depth, measure the diameter of the cortex at the level of the desired fracture on the radiograph [1-LM-TXT].
6.1.1.  LAB MEDIA: 58186_Hankenson_Figure1A. Video Editor please show image without annotations and then add in the short horizontal line labeled ‘CD’. TEXT: Calculate the mean cortical diameter (CD) for all trial specimens.
6.2. Position a pinned trial specimen in the fracture device using the fracture-positioning jig [1-MED-over the shoulder]. 
6.2.1. Talent positions the mouse last seen in 5.4 in the fracture device. 
6.3. Rest the impact ram on the uninjured limb. Do not allow the ram to drop; the bone should remain intact during this optimization step [1-CU].
6.3.1. Talent slowly brings the impact ran down to rest on the tibia of the mouse. 
6.4. Apply enough downward force on the ram to compress soft tissue, but not fracture the bone [1-ECU]. Adjust the impact depth to 0.75 times cortical diameter to account for the soft tissue [2-MED-over the shoulder]. 
6.4.1. Talent applies pressure to the ram. 
6.4.2. Talent twists the screw to adjust the impact depth.  
7. Impact velocity
7.1. Set the drop height to 2-centimeters [1-MED]. Position the ram in its starting position by connecting it to the activated electromagnet [2-CU].
7.1.1. The electromagnet part of the apparatus is moved upward by 2 cm. 
7.1.2. The ram is attached to the electromagnet. 
7.2. Position a trial limb in the fracture apparatus [1-MED]. Press the dorsum of the foot against the fracture-positioning jig [2-CU]. Briefly depress the footswitch [3-MED] to release the ram and then reset it to its starting position [4-CU].
7.2.1. Talent places leg of a naïve cadaver into the fracture apparatus. 
7.2.2. The dorsum of the foot is placed against the positioning jig. 
7.2.3. Talent’s foot depresses the footswitch. 
7.2.4. The ram is released onto the leg and then returns to the starting position. 
7.3. Radiograph the impacted trial limb and inspect for any evidence of a fracture [1-LM]. This can be subtle when using low velocities with a controlled impact depth [2-LM-TXT].
7.3.1. LAB MEDIA: 58186_Hankenson_Figure 1D. Video Editor please show the image without the arrow. 
7.3.2. LAB MEDIA: 58186_Hankenson_Figure 1D. Video Editor please show the image as provided with the arrow. 
7.4. If no fracture is generated increase the drop height by 2-centimeters [1-MED-over the shoulder].
7.4.1. Talent manipulates the fracture device to increase the drop height by 2 centimeters from that seen in 7.1.1.
7.5. If a fracture is generated, record the drop height, and multiply it by 1.1. This is the new drop height [1-MED-over the shoulder].
7.5.1. Talent writes in notebook, performs a quick calculation and then adjusts the drop height. 
7.6. Use the new drop height to fracture the next trial limb [1-MED].
7.6.1. The ram comes down on the leg of another dead mouse. 
7.7. Continue the procedure until all trial samples are fractured [1-MED-over the shoulder]. 
7.7.1. Talent removing the mouse from the positioning jig and set up and replacing it with another dead mouse. 
7.8. Record the final drop height and all parameters from the optimization [1-LM]. Record the trial specimens’ age, sex, genotype, and weight [2-LM].
7.8.1. LAB MEDIA: 58186_Hankenson_Figure_7_8_1 Video Editor please place highlight the relevant rows horizontally across FL, CGI, JD, PL, MD, PS, CGL, CD, ID, AW, and RW. 
7.8.2. LAB MEDIA: 58186_Hankenson_Figure_7_8_1. Video Editor please place a block of different color highlight through sex, gender and weight. 
8. Results: Pre- and Post-Optimization of Fracture Generation
8.1. Using an adjustable fracture device and optimized parameters significantly improved the generation of simple transverse fractures [1-LM]. 
8.1.1. LAB MEDIA: 58186_Hankenson_Figure5 TEXT: (p < 0.001)
8.2. The pre-optimization group only generated a simple transverse fracture in 27 out of the 58 samples, or 46.55% of the time [1-LM]. 
8.2.1. LAB MEDIA: 58186_Hankenson_Figure5_pre (top panels of figure 5)
8.3. Whereas the post-optimization group exhibited simple transverse fractures 98.28% of the time [1-LM]. 
8.3.1. LAB MEDIA: 58186_Hankenson_Figure5_post (bottom panels of figure 5)
9. Conclusion (said by authors on camera)

9.1. Zondervan: After its development, this technique increased rigor and improved the reproducibility of animal models in fracture healing studies.
9.2. Zondervan: Following this procedure, other techniques like micro-CT and histology can be performed in order to answer additional fracture morphology questions   
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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.
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