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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes
We will record the steps using screen recording software.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

Steps 2.5, 3.3, 3.4, 3.17, 5.4, 5.5

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 to be filmed by their protocol numbers. (Please do not list an entire section.) 

Steps 2.5, 3.7

E.  Will the filming need to take place in multiple locations? (Y/N)  No 
1. Introduction (Experimental Goal and Author Interviews) 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to characterize the local surface strain field on vascular tissue samples.  This is accomplished using a digital image correlation technique with uniaxial tensile testing.
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Boran Zhou: This method can help answer key questions in the field of soft tissue mechanics, and specifically provide information to identify and validate increasingly sophisticated computational and mathematical models of vascular tissue. 

1.2. Boran Zhou: The main advantage of this technique is that it facilitates precise quantification of the strain field heterogeneity on the sample surface, which is a function of the inherent material properties, sample geometry, and employed testing modality.    

Protocol (read by voice talent at JoVE):

2. Tissue Acquisition, Dissection and Surface Speckling
2.1. As soon as the tissue arrives at the lab, [2.1.1-WID] isolate the abdominal aorta from surrounding tissue using surgical scissors and forceps. [2.1.2-CU]

2.1.1. Establish the setting, talent unpacking the tissue and preparing to remove aorta As isolation takes normally 20 minutes, there are some cuts and reframes to get the images needed.
2.1.2. [combined with 2.1.1] Film as written
2.2. Then, wash the vessel three times using a syringe filled with PBS. [CU-MED/TEXT]

2.2.1. Show one wash in full detail, TEXT: Wash 3X, 50 mL PBS, pH 7.2

2.3. Following the washes, use scissors and forceps [2.3.1-MED] to remove as much perivascular tissue as possible without compromising the integrity of the sample. [2.3.2-CU]

2.3.1. Preparing with tools

2.3.2. [combined with 2.3.1] Film as written
2.4. Then, onto the middle section of the vessel, [2.4.1-CU] position a sharp razor blade perpendicular to the vessel’s longitudinal axis and chop the vessel three times to make two ring samples. [2.4.2-ECU]  [2.4.3-LM]

2.4.1. Setting up vessel for chopping

2.4.2. Chopping to make two rings
2.4.3. “Visual_1” - Schematic of cutting vessel into ring-shaped segments – use if this adds to the footage
2.5. The samples should be approximately 20 mm in circumference.  [ECU]

2.5.1. Measuring the circumference with  ruler

2.6. Next, position a blade onto one of the rings to make a radial cut.  Firmly slice the ring to make a strip-shaped sample for uniaxial mechanical testing.  [ECU]

2.6.1. [2.6.1 to 2.7.2 combined] Film as written

2.7. Do this to both rings. [2.7.1-CU] [2.7.2-LM]

2.7.1. Repeating 2.6 with 2nd ring

2.7.2. “Visual_2” - Schematic of making a radial cut on the ring specimen – use if this adds to the footage
2.8. Temporarily store the two samples in a 100 mm glass petri dish, submerged in PBS. [CU]

2.8.1. Transferring samples to dish and adding PBS to dish
2.9. To speckle the sample’s surface, have an airbrush ready to spray tissue marking dye. [2.9.1-LM] Connect the airbrush to a pressure valve set to produce 100 PSI.  [2.9.2-MED] Next, add the tissue marking dye [2.9.3].
2.9.1. “Visual_3” - Picture configuration of the airbrush
2.9.2. Preparing the airbrush, connecting to gas

2.9.3. [added] *filmed as written

2.10. The nozzle diameter must be calibrated [2.10.1-MED] for speckle diameters between 60 and 100 microns.  [2.10.2-ECU] [2.10.3-LM]

2.10.1. Nozzle control for calibration while talent sprays a test paper

2.10.2. Sprayed dots on paper

2.11. Then, spray tissue marking dye on the intimal surface of the sample for approximately five seconds.  [ECU]

2.11.1. Spraying tissue, angle 1

2.12. Do this three times to ensure that the speckle pattern uniformly covers the sample surface. [ECU]

2.12.1. Spraying tissue, angle 2
3. Performing the Experiment
3.1. To begin, mount the sample to the testing apparatus. [WID]

3.1.1. Establish talent arriving to apparatus with sample

3.2. First attach each end of the sample to a plastic strip using a tissue adhesive.  [CU/TEXT] Place plastic on both the top and bottom of the sample with the adhesive, making a sandwich.
3.2.1. Film as written, TEXT: 1 cm width x 1 cm length x 0.5 cm thickness

3.3. Place the sample flat on a tissue cutting board, [3.3.1-CU] then measure its dimensions using a digital caliper. [3.3.2-CU]

3.3.1. Film as written

3.3.2. [combined with 3.3.1] Film as written
3.4. Next, initiate the system controls for the test apparatus. [MED]

3.4.1. Talent gets situated at computer control and opens software, if needed

3.5. On the system controls home screen, select “Waveform” on the taskbar located on the “Setup” tab. [LM]
3.5.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_5” 

3.6. Then, adjust the position of the upper grip of the mechanical tester to -4 mm, to provide a 4 mm extension relative to the designated initial position in the system. [LM]

3.6.1. To be provided by authors, SCREEN CAPTURE movie of the described actions
3.7. Now, gently secure one plastic strip into the upper grip of the mechanical tester [3.7.1-ECU] and allow the sample to hang freely. [3.7.2-CU] [3.7.3-ECU]
3.7.1. Film as written

3.7.2. Blow out a little and talent uses calipers

3.7.3. Measurement on calipers, < 2 mm

3.8. Next, adjust the position of the lower grip [3.8.1-CU] so that the free end of the sample can be secured without extension.  [3.8.2-ECU]

3.8.1. [3.8.1 to 3.9.1 combined] Making adjustment

3.8.2. Show the free end as adjustments are completed

3.9. Then, gently secure the plastic strip attached to the free end into the lower grip of the tester.  [CU]

3.9.1. Film as written

3.10. The distance between the lower grip and the sample must measure less than 2 mm. [CU]

3.10.1. Using digital calipers to check distance, try and show caliper reading in shot, < 2 mm

3.11. With the sample mounted, zero the system load cell.  [LM/CU]

3.11.1. If this is in the software, please provide a SCREEN CAPTURE, if not film with an CU

3.12. Then, measure the length of the sample [3.12.1-CU] and use this as the reference length when calculating global circumferential strains. [3.12.2-WID]

3.12.1. Taking measurement with digital calipers

3.12.2. Setting down calipers and recording value into logbook, then taking seat at computer for next step
3.13. Now, in the software control, enter the mechanical testing protocol.  Here, four uniaxial displacement cycles are applied.  Each cycle extends the sample length by 18% at a displacement rate of 0.01 mm per second. [LM]

3.13.1. To be provided by authors, SCREEN CAPTURE movie of the described actions
3.14. To document the test, take a photo every few seconds. [3.14.1-MED] Position a camera 1.5 meters from the loading frame, perpendicular to the sample, and focus it on the sample.  [3.14.2-MED/TEXT] 
3.14.1. Preparing to position the camera, attaching to software control cable

3.14.2. Positioning the camera and focusing, TEXT: Camera specs: 5 MP, 100 mm, 3.49 µm pixels
3.15. In the image capture software, in the option “Select system” select “PGR-2”. Then, set the project path to save the images to be analyzed. [LM]
3.15.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_7” and “Visual_8” 

3.16.  Click the “Time Square” icon and specify the acquisition interval as 5 seconds. [LM]
3.16.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_9”

3.17. Now, import the image obtained.  Zoom in on an individual speckle and then count the number of pixels within this individual speckle.   [LM]

3.17.1. To be provided by authors, SCREEN CAPTURE movie of the described actions 
3.18. After verifying the quality of the speckle pattern, simultaneously click the “Run” icon in the system and the “Start” icon in the image capture software to start the test. [LM]
3.18.1. To be provided by authors, SCREEN CAPTURE movie of the described actions
3.19. Throughout the protocol, intermittently spray PBS on the sample so it does not dry out.  [MED] 

3.19.1. Spraying sample with PBS

3.20. However, do this whenever it is in the unloaded state, not during data acquisition. [ECU]

3.20.1. [combined with 3.19.1] Focused on sample on apparatus, unloaded, being sprayed

4. Image Analysis

4.1. After opening the image analysis software, [4.1.1-WID] click the “Speckle images” tab and select all images which need to be analyzed. [4.1.2-LM]
4.1.1. Establish talent at computer Use the beginning of footage of 3.4.1
4.1.2. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_10” 

4.2. Then, click on the rectangle tool and select the area of interest in the first image. [LM]
4.2.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_11” 

4.3.  Next, enter a 31-by-31 pixel subset size and a step size of 5 pixels. [LM]
4.3.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_12” 

4.4. Now, click the start analysis tab in the software and set the interpolation to be an optimized 8-trap. Also, set the criterion as zero-normalized squared differences and the subset weights option as Gaussian. [LM]
4.4.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_13” 

4.5. Check the threshold options; they should be on the default. [LM]
4.5.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_14” 

4.6. Next, click on the post-processing sub tab under the start analysis tab.  Select the option strain computation and leave filter size and type of filter as the default.  Set the tensor type to La Grange. [LM]
4.6.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_15” 

4.7. Finally, select the data tab and then select an analyzed image to visualize the surface strain field. [LM]
4.7.1. To be provided by authors, SCREEN CAPTURE movie of the described actions “Visual_16” 

5. Results: Vascular Tissue Surface Strain Measurements 
5.1. 2D-DIC in conjunction with uniaxial mechanical testing was used to measure the surface strain field of a vascular tissue specimen at various deformed states.  The viscoelastic nature of the tissue was notable by the degree of hysteresis in the load-displacement curves prior to the mechanical preconditioning, however, with pre-conditioning the hysteresis was gradually diminished.
5.1.1. Figure 1.tif 
5.2. As expected, the local circumferential strain values increased with applied sample displacement.  Circumferential strain was generally less near the center of the sample as compared to near the sample-grip interface.
5.2.1. Figure 2.tif
5.3. In the longitudinal direction, the resultant non-uniform compressive strain on the sample intimal surface increased as the sample was gradually extended.
5.3.1. Figure 3.tif
5.4. The coefficients of variation of the surface strain fields in orthogonal directions were then calculated in each experimental state.  The variation in the surface strain was found to have an inverse relationship with the sample’s extension.
5.4.1. Table.tif
6. Conclusion (said by authors on camera)

6.1. Boran Zhou: After watching this video, you should have a good understanding of how to quantify the local surface mechanical response using digital image correlation coupled with uniaxial tensile testing of vascular tissue samples.

6.2. Boran Zhou: After its development, this technique paved the way for researchers in the field of soft tissue mechanics to explore physiological, pathological, and modulated mechanical response of vascular tissue.

Provided Media

5.1 - Figure 1 – Figure 1.tif

5.2 - Figure 2 – Figure 2.tif

5.3 - Figure 3 – Figure 3.tif

5.4 - Table – Table.tif

3.4 – Visual_5.avi

3.13 – Visual_7&8.avi

3.14 – Visual_9.avi

4.1 – Visual_10.avi

4.2 – Visual_11.avi

4.3 – Visual_12.avi

4.4 – Visual_13.avi

4.5 – Visual_14.avi

4.6 – Visual_15.avi

4.7 – Visual_16.avi
Authors, a few more screen capture videos are needed. 

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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