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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? YES

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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Steps 2.4, 2.7, 4.3-4.5, 4.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Steps 2.4 and 4.10

E.  Will the filming need to take place in multiple locations? YES.
 If yes, how far apart are the locations? 2-3 city blocks 

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. 
(AUTHORS: Please memorize the interview statements prior to filming)

A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this experimental strain measurement technique is to quantitatively estimate femoral surface strain from high speed video of biomechanical fracture testing. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dan Dragomir-Daescu: This method can help answer key questions in osteoporosis research, such as development of advanced diagnostic tools for prediction of bone strength. 
1.2. Dan Dragomir-Daescu: The main advantage of this technique is that femoral surface strain can be computed with high spatial resolution adequate for computational model validation.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Timothy Rossman: Visual demonstration of this method is critical as the specimen preparation and analysis steps are difficult to explain solely in words, due to the unique methods of speckling the specimen with particles and the custom scripting tools used in the analysis.   
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving cadaveric specimens have been approved by the Institutional Review Board at Mayo Clinic. 
1.10. The procedure in this video is demonstrated with both a rigid foam bone and a human cadaveric bone.
Protocol (read by voice talent at JoVE):
2. Specimen Preparation & Speckling
2.1. Begin by thawing the femora at room temperature for 24 hours [1-MED-TXT]
2.1.1. Talent removes bone from a freezer and places it on a table at room temperature TEXT: Thaw for 24 hrs.
2.2. When the femur is ready for testing, remove any wrap that was applied prior to freezing [1-MED] and wipe the femur with a dry towel to remove any remnant moisture, fatty deposits, or soft tissues [2-MED].
2.2.1. Talent removes wrapping on the femur.

2.2.2. Talent wipes femur down with a dry towel.
2.3. Then, put the greater trochanter into a prefabricated aluminum cup with bone cement [1-CU].
2.3.1. Place trochanter into cup with bone cement.

2.4. Using a box to contain the paint overspray particles as much as possible, spray the bone with white plastic primer to achieve a thin, uniform coating [1-MED-TXT]. Take care to cover the bone with one uniform layer of paint for optimal contrast and strong adhesion to the femur surface [2-MED-TXT].
2.4.1. Talent sprays the bone with primer. TEXT: Spray white plastic primer

2.4.2. Talent sprays the bone with paint. TEXT: Spray one layer of paint

2.5. Let the paint dry for at least 5 min [1-CU-TXT] and then wrap the bone with wet cloth to avoid tissue dryness [2-MED].
2.5.1. [Multiple Shots] Show painted bone on table. TEXT: Let paint dry for 5 min. 

2.5.2. *Film as written

2.6. Next, for bone speckling, gradually add 1 part water to 2 parts black acrylic paint to achieve the proper paint viscosity [1-MED-TXT]. 
2.6.1. Talent adds 1-part water to 2 parts paint. TEXT: Bone speckling solution
2.7. Dip a clean toothbrush in a palette of black paint to absorb the color [1-CU] and flick the brush to make black speckles over the white coating of the bone [2-MED]
2.7.1. *Film as written

2.7.2. *Film as written
2.8. Finally, let the paint dry for 5 min before proceeding with the image acquisition [1-CU-TXT].
2.8.1.  Use shot 2.5.1. TEXT: Let paint dry for 5 min. 
3. Image Acquisition & Preparation 

3.1. Begin by mounting the prepared speckled femur in the mechanical test machine by inserting the potted distal end into the fixture [1-MED] and tightening two screws to secure the specimen [2-CU].
3.1.1. *Film as written

3.1.2. Show talent tightening one screw. 
3.2. Next, adjust the lighting source to minimize shadows and reflections on the femur surface, while striving to achieve the highest illumination possible in the camera image [1-MED-TXT].
3.2.1. [Multiple shots] Adjust one light reflector and show high illumination on the bone. TEXT: Proceed quickly to avoid unwanted heating and drying of the specimen. 

3.3. Reduce the aperture of the front and back view high speed video camera lenses [1-CU] so that the entire region of interest of the femur in the field of view is in focus [2-CU].
3.3.1. Talent turning the lens on the video camera to adjust aperture.

3.3.2. Show the femur on the table. 

3.4. Then, re-adjust the light source to further improve illumination while minimizing glare [1-MED].
3.4.1. Use shot 3.2.1.

3.5. Set the image acquisition software to capture 6000 frames per second at a resolution of 1024 x 512 pixels, and acquire 12,288 total frames [1-MED-over shoulder-TXT]. 
3.5.1. Talent sitting at the computer, navigating the software. TEXT: Capture 6000 frames/s at a resolution of 1024 x 512 pixels. Frames = 12,288
3.6. Then, conduct the fracture test [1-MED-TXT]. After testing is complete, use the image acquisition software to save the video to disk [2-MED-over shoulder].
3.6.1. Show test machine. TEXT: Fracture test

3.6.2. Talent at computer, saves the video. 

3.7. Next, create separate working directories for front and back views of the femur [1-MED-over shoulder].

3.7.1. Talent at the computer, creates 2 directories for each view.  Author note: “Please delete this step, too basic and adds no value”
3.8. Use video analysis software to open the appropriate high speed video recording and note two key frame reference numbers: one at the start of load frame actuator movement and the other immediately after the fracture event [1-SCREEN-TXT].
3.8.1. *To be submitted by author: Open the recording in video analysis software. Highlight the two key reference numbers, one at a time. TEXT:  The two key frame reference numbers we identify here are 600 and 1011 Author note: “I added this Text: since it may be difficult for viewers to notice the key frames we are pointing out.”
3.9. Then, to downsample an uncompressed TIFF (pronounced tiff) image sequence from the high speed video, open and run the “mov_frames.m” (pronounced m-o-v-frames-dot-m) script in the working directory for the pertinent femur side [1-MED-over shoulder].

3.9.1. Talent at the computer, opens the “mov_frames.m” file and clicks ‘run’. 
3.10. Finally, in the resulting dialog box, enter the final reference number for the frame immediately after the fracture, with a step size of 25-40. Click “Extract Frames” and inspect the working directory to ensure the TIFF files were extracted correctly [1-SCREEN].
3.10.1. *To be submitted by authors: Show the dialog box. Enter the final reference number. Click “Extract Frames” and scroll through the working directory. 
4. Finite Element Mesh Creation & Analysis
4.1. The following series of steps is required to use the finite element method to calculate 2D strains from the differential displacement vectors [1-MED-over shoulder-TXT]. To begin, open the finite element meshing program to create the finite element mesh [2-MED-over shoulder]. 

4.1.1. Talent at computer showing calculated 2D strains. TEXT: Resulting 2D strain calculation. 
4.1.2. Then, talent opens the finite element meshing program
4.2. Import the first key frame TIFF image into the pre-processor as a template for spline creation [1-MED-over shoulder]. 

4.2.1. Talent at the computer, clicks import and selects the first key frame TIFF image. 
4.3. Then, find two fiduciary points in the image that are at opposite corners of the frame and record their X and Y coordinates [1-SCREEN].
4.3.1.  *To be submitted by authors: Highlight two fiduciary points on the image at opposite corners of the frame. Record the coordinates on the screen. 

4.4. Open this image within an image editing software and record the X and Y direction values of the pixels associate with each fiduciary point [1-SCREEN]. 
4.4.1. *To be submitted by authors.
4.5. Next, in the “Sketch” module of the finite element meshing program, use the spline tool to outline a closed section representing the region of interest [1-SCREEN-TXT]. 
4.5.1. *To be submitted by authors:  Click on the finite element meshing program. Click the spline tool. Outline a closed section region of interest. TEXT: Verify the region is not too large.

4.6. Under the menu “Seed Part Instance”, seed the edges of this closed section with a global mesh size of 1 mm. Under “Assign mesh controls”, set the element shape to quadrilateral and mesh the closed section [1-SCREEN].

4.6.1. *To be submitted by authors: Click “Seed Part Instance”. Seed the edges with a mesh size of 1 mm. Click “Assign mesh controls”, choose quadrilateral. Mesh the closed section

4.7. Next, start a new session within the matrix algebra scripting program, and create 2-element row vectors called ab1 and ab2 [1-MED-over shoulder]. Enter the vector names of the two previously identified fiduciary and pixel coordinate pairs into the command line. Save the Workspace as “points.mat” (pronounced points dot mat) [2-MED-over shoulder].
4.7.1. Talent at computer, opens the matrix algebra scripting program, and creates 2 row vectors ab1 and ab2.

4.7.2. Talent enters values into the command line, and saves file as “points.mat”.

4.8. Run the script “convert_imagesize.m” (pronounced convert-imagesize-dot-m) to register the points from the finite element mesh with the extracted high speed video image. Then, run the script “rrImageTrackGui.m” (pronounced r-r-image-track-g-u-i-dot-m).  Load the first image and enter the number of the last TIFF file that was extracted as the total number of images to process [1-SCREEN-TXT].
4.8.1. *To be submitted by authors: Open “convert_imagesize.m”, click run, and any show output. Then, open “rrImageTrackGui.m”, click run, and show any output. Load the first image and enter the number of the last TIFF file. TEXT: First image: p01.tif

4.9. To put the mesh over the bone image, load the mesh by selecting ‘read from file’, and click ‘Apply’. Specify the tracking values based on the guidelines for Tracking Parameters [1-SCREEN].
4.9.1. *To be submitted by authors: Select ‘read from file’. Click Apply. Enter tracking values. 
4.10. Select a guide point that has significant contrast around it while avoiding areas with any glare or blurriness [1-MED-over shoulder]. Check this point by clicking “Check guide” and verify the correlation peak is strong compared to its neighbors. If the correlation peak is satisfactory, click “Accept” and “Perform Tracking” [2-SCREEN-TXT].  After tracking is complete, select ‘Animate’ [3-SCREEN-TXT]
4.10.1. Talent selects an appropriate guide point. 

4.10.2. *To be submitted by authors. TEXT: Strong correlation peak = At least 2x amplitude of neighboring points.
4.10.3. Talent selects “Animate” after tracking is complete. Author note: “I added another substep here, since “Perform Tracking” takes a very long time and I didn’t record all of it.  I have a separate video for 4.10.3 for clicking “Animate” and showing the resulting animation”
4.11. Finally, once Animate has finished, calculate the 2D strains by clicking “Write strains”. In the dialog, enter .exe (pronounced dot-e-x-e) in the “File name” area, and select writeStrainRR_simple.exe (pronounced write-strain-r-r-simple-dot-e-x-e) [1-SCREEN].  After calculations are complete, close the graphical user interface [2-MED-over shoulder].  
4.11.1. *To be submitted by authors.
4.11.2. Talent closes the graphical user interface on the computer. 

SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name the file according to the shot number.  Then, upload each of these files to your project folder.
5. Results: Identification of strain field estimation in femur sample
5.1. The digital image correlation method requires a carefully prepared high contrast speckling pattern and sufficient illumination [1-LM]. Otherwise, the results may be affected by several issues such as oversaturation of the surface, undesirable mixing of black and white paint when the white paint is still wet, and poor contrast in the speckling pattern [2-LM]
5.1.1. Figure 2E: Add label “High contrast speckling pattern & illumination”

5.1.2. Figure 4: Show one image at a time. Label left image = ‘oversaturation’; middle image = ‘mixing of black and white colors’; right image = ‘poor contrast’.
5.2. Here, the outline of the femur sample is used to identify the region of interest for strain field estimation [1-LM] and for creation of a finite element mesh for strain calculation [2-LM]. 
5.2.1. Figure 6A: Highlight the gray outlined area.

5.2.2. Figure 6B: Add label ‘mesh’, with arrow pointing to the red region. 
5.3. The onset of fracture is detected by monitoring the degree of strain deviation during testing, with peaks representing bone damage and final frame of fracture [1-LM]. Finally, 2D strain fields are superimposed back onto the untested bone image for enhanced visualization [2-LM].
5.3.1. Figure 6C: Add label ‘bone damage’, and draw arrows to peaks show at x = 700 and 900 on the green trace. When ‘final frame’ is mentioned in the VO, label “Onset of catastrophic fraction” with arrow pointing to the vertical trace on the right, approximately at x= 13,200 and 13,400. 
5.3.2. Figure 6D
6. Conclusion (said by authors on camera)
6.1. Susheil Uthamaraj: Once mastered, this technique can be completed in two hours if it is performed properly.

6.2. Susheil Uthamaraj: While attempting this procedure, it’s important to remember to uniformly cover the surface of the specimen with high contrast speckling pattern for the best image signal to noise ratio.

6.3. Timothy Rossman: Following this procedure, other methods like QCT/FEA mechanical fracture simulations on the femur can be performed in order to answer additional questions like patient-specific bone strength and fracture risk.

6.4. Timothy Rossman: After its development, this technique paved the way for researchers in the field of computational bone strength assessment to explore hip fracture risk in osteoporotic patients.
6.5. Dan Dragomir-Daescu: After watching this video, you should have a good understanding of how to perform digital image correlation on bone specimens subjected to biomechanical tests including the steps of specimen preparation, high speed image acquisition, and calculations of strain through surface displacement tracking.
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.  
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54942_DragomirDaescu_Figure6B.tiff
54942_DragomirDaescu_Figure6C.tiff
54942_DragomirDaescu_Figure6D.tiff
54942_Step3.8.1.mp4
54942_Step3.10.1.mp4

54942_Step4.3.1.mp4

54942_Step4.4.1.mp4
54942_Step4.5.1.mp4

54942_Step4.6.1.mp4

54942_Step4.8.1.mp4

54942_Step4.9.1.mp4

54942_Step4.10.2.mp4

54942_Step4.10.3.mp4

54942_Step4.11.1.mp4

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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