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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N 

2. Does your protocol include software usage? Y
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
4.4, 4.7.2, 4.8, 4.10 

4. 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. (Please do not list entire sections.)
3.5, 3.6
5. Will the filming need to take place in multiple locations? Y
If yes, how far apart are the locations? 
The locations are within the same laboratory space, only a few feet apart from each other. 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Dr. Stavros Thomopoulos: The protocol describes a time efficient and reproducible method for biomechanical testing of murine tendons through reusable custom-fit 3D printed fixtures [1].
1.1.1. INTERVIEW 

1.2. Dr. Stavros Thomopoulos: The new methods reduced the time required to test a sample from hours to minutes and eliminated a major gripping artifact that was a common problem in previous methods [1].
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Dr. Stavros Thomopoulos: This method is not limited to the supraspinatus and Achilles tendons, as it is easily adapted to testing other murine tendons and tendons from larger animal models [1].
1.3.1. INTERVIEW 

1.4. Iden Kurtaliaj: To ensure reproducibility and efficiency of the approach multiple cycles of design, prototyping, and validation may be needed to achieve the desired results for other tendons not described here [1]. 
1.4.1. INTERVIEW 

Section - Protocol
Animal studies were approved by Columbia University Institutional Animal Care and Use Committee. Mice used in this study were of a C57BL/6J background and were purchased from The Jackson Laboratory (Bar Harbor, ME, USA). They were housed in pathogen-free barrier conditions and were provided food and water ad libitum.
2. Bone Image Acquisition and 3D Bone Model Construction
2.1. To begin, perform a microcomputed tomography scan of the entire bone in the agarose gel [1]. After reconstruction into cross-section images, select the command File, Open to open the file dataset. Open the dialog File, Preferences and select the Advanced tab [2].
2.1.1. Talent shows the bone in the agarose gel. 
Author comment: NOTE: The bone-tendon-muscle specimen (humerus bone - supraspinatus tendon - muscle) suspended in agarose was shown, not bone only. We recommend moving the close up focused shot of the bone-tendon-muscle specimen in step 4.8.1. Here a zoomed out shot of the tube with agarose and the added step below (2.1.1.1) are sufficient. 
2.1.1.1. [Added shot]: The specimen suspended in the cryotube was fixed in a MicroCT sample mount and was then placed in the MicroCT sample changer in preparation for scanning.
2.1.2. [bookmark: _Hlk13571501]SCREEN: Talent opens file, and selects advanced tab.
2.2. Use the adaptive rendering algorithm to construct the 3D models which provides smoother surface detail [1]. Use 10 as the locality parameter which defines the distance in pixels to the neighboring point used for finding the object border [2]. Minimize tolerance to 0.1 to decrease file size [3].
2.2.1. SCREEN: Talent selects adaptive rendering algorithm.
2.2.2. SCREEN: Talent chose 10 as the locality parameter.
2.2.3. SCREEN: Talent selects tolerance to 0.1.
2.3. To specify the volume of interest, manually select two images to set as the top and bottom of the selected VOI range [1]. Then, move to the second page, Region of Interest. Manually select the region of interest on a single cross section image [2]. Repeat selecting the ROI for every 10–15 cross-section images [3]. 
2.3.1. SCREEN: Talent selects two images to set VOI range.
2.3.2. SCREEN: Talent selects ROI.
2.3.3. SCREEN: Talent navigates to the next images.
2.4. Next, move to the third page, Binary Selection. On the histogram menu, click From dataset to show the histogram distribution of brightness from all images of the dataset [1]. Also on the histogram menu, click the Create a 3D Model file menu. Save a 3D model of the bone in STL file format [2].
2.4.1. SCREEN: Talent moves to binary selection, and shows histogram distribution.
2.4.2. SCREEN: Talent creates a 3D model file menu.
2.5. In the Meshmixer software, import mesh and select all to edit. Choose Reduce from the toolset Edit. Then select Triangle Budget from the toolset Reduce Target. Reduce the Tri Count and accept changes. Resave the newly reduced file in STL format by choosing Export as… [1].
2.5.1. SCREEN: Talent refines the mesh by reducing the number of triangles.
3. Design of Custom-fit Bone Fixtures 
3.1. To design a supraspinatus tendon-humeral bone, use a solid modeling computer-aided design program to create a custom-fit model of humerus gripping fixture [1]. Open the STL (pronounce as S-T-L) format file of the humerus bone in a solid modeling program and save as a part file in SLDPRT (pronounce as S-L-D-P-R-T) format [2]. 
3.1.1. Talent sits in front of the computer and opens the software.
3.1.2. SCREEN: Talent opens a STL file and saves a part file.
3.2. Then, open the part file to manually create three anatomically relevant planes, for example, sagittal, coronal, and transverse [1].
3.2.1. SCREEN: Talent opens the part file.
3.3. Click on File New to create the solid block component part [1]. Click on File New to create an assembly model with two components: the solid block and either the right or left humerus bone [2]. Define the orientation of the bone within the block to ensure the angle between the tendon and bone to be 180 degrees. Ensure that the entire bone volume fits inside the block [3]. 
3.3.1. SCREEN: Talent creates solid block component.
3.3.2. SCREEN: Talent creates assembly.
3.3.3. SCREEN: Talent defines the orientation.
3.4. In the assembly window, select the block, and click Edit Component from the Assembly toolbar. Click Insert, Features, Cavity. Select Uniform scaling and enter 0% as the value to scale in all directions [1]. 
3.4.1. SCREEN: Talent inserts cavity.
3.5. Suppress the bone part and save the assembly as a part. Open the cylinder with cavity part. Create a sketch. Ensure to only leave 0.5 millimeters above the humeral head. From features, select Extruded Cut. Cut the assembly along the sagittal plane to create two symmetrical components that fit the bone anteriorly and posteriorly [1]. 
3.5.1. SCREEN: Talent cuts the assembly.
3.6. Iden Kurtaliaj: Cut the assembly part along the sagittal plane to create two symmetrical components that fit the bone anteriorly and posteriorly. It is critical to secure the humeral head to prevent growth plate failure and to define a tight clearance that avoids disengaging of the humerus bone from the mold during testing [1].
3.6.1. INTERVIEW
3.7. Proceed as described in the manuscript to finish the posterior component and anterior component. Save both components as separate part files [1].
3.7.1. SCREEN: Talent shows the posterior and anterior components, and saves.
3.8. Now, press Insert Pattern, Mirror and select Mirror to create 3D mirror models for each component of the fixture for the opposite limb. Select the front face as Mirror Face, Plane. Select the part as the body to mirror. Select the mirror plane and create a sketch that includes all material. From features, select extruded cut to remove the original part and to keep only mirrored part [1]. 
3.8.1. SCREEN: Video 12
3.9. Click on the bottom of the part and use as a plane to make a sketch. Click on Sketch Text and add “L” or “R”. This adds an etch on the bottom of the fixtures to distinguish between the left and right sides [2]. Save all fixture parts in STL standard file format [3] in preparation for 3D printing [4].
3.9.1. SCREEN: Talent creates the mirrored part to be used to test opposite limb. (Video 13)
3.9.2. SCREEN: Talent adds an etch.
3.9.3. SCREEN: Talent saves files.
3.9.4. Fixture being 3D printed (10x speed).
3.9.4.1. Author comment: We will provide a video for the fixtures being 3D printed at 10x speed. Due to the long printing time (9 hours), the videographer was unable to capture the entire print of the fixtures being 3D printed. A combination of the videographers shots and our video would be ideal.
4. Biomechanical Testing of Murine Tendons
Author comment: The dissection may work best at 2x video speed.
4.1. To dissect the supraspinatus muscle, tendon, humerus bone specimen, first position the euthanized mouse in a prone position [1], and make an incision in the skin from above the elbow of the forepaw towards the shoulder [2].
4.1.1. Talent places the mouse on a surface.
4.1.2. CU: Talent cuts the skin.
4.2. Use forceps to carefully remove the skin with blunt dissection so that the musculature of the shoulder is visible [1]. Remove the tissue surrounding the humerus until the bone is exposed. Hold the humerus with forceps and carefully remove the deltoid and trapezius muscles to expose the coracoacromial arch [2].
4.2.1. CU: Talent removes the skin, and shows the shoulder.
4.2.2. CU: Talent removes tissue, holds the bone, and removes more muscles.
4.3. Identify the acromioclavicular (pronounce as AC) joint and carefully separate the clavicle from the acromion with a scalpel blade [1].
4.3.1. CU: Talent shows the joint, and separates. 
4.4. Taking care not to damage the supraspinatus tendon and its bony attachment, remove the muscle from its scapular attachment using a scalpel blade [1]. Detach the humeral head from the glenoid, and lacerate the joint capsule and the infraspinatus, subscapularis, and teres minor tendons [2]. 
4.4.1. CU: Talent removes muscles.
4.4.2. CU: Talent cuts the joint. Important Step
4.5. Disarticulate the elbow joint to separate the humerus from the ulna and radius. Isolate the humerus - supraspinatus tendon - muscle specimen [1] and clean off excess soft tissues on the humerus and humeral head [2].
4.5.1. CU: Talent disarticulate the elbow joint, and isolates the specimen.
4.5.2. Talent cleans off excess tissues. Author comment: This can take a long time, it is not necessary to show the entire process.
4.6. To dissect the Achilles tendon, the calcaneus bone, position an euthanized mouse in a prone position [1]. Taking care not to damage the Achilles tendon and its bony attachment, remove the skin with blunt dissection so that the musculature around the ankle and knee joints is exposed [2].
4.6.1. Talent places the mouse on a surface. Author comment: The mouse was kept in a prone position from the previous dissection. The shoulder area was covered with gauze.
4.6.2. CU: Talent removes the skin to exposes the joints.
4.7. Using a scalpel blade, starting at the Achilles tendon - calcaneus attachment, carefully detach the gastrocnemius muscle from its proximal attachments [1]. Carefully disarticulate the calcaneus from the various adjacent bones, and isolate the Achilles tendon - calcaneus specimen and clean off excess soft tissues [2].
4.7.1. CU: Talent detaches the muscle.
4.7.2. CU: Talent disarticulates the bone, removes the Achilles tendon, and removes excess tissues. Important Step
4.8. To determine the cross-sectional area of the tendon, insert the bone upside down to suspend the specimen in the cryotube filled with agarose gel, with the bone in the agarose gel, and the tendon and muscle outside [1]. 
4.8.1. CU: Talent inserts the sample into a tube. Focus on the sample, and the tube. Important Step
Author comment: NOTE: For supraspinatus tendon, use the ZOOMED IN shot from step 2.1. For Achilles tendon we used the same tube filled with agarose from step 2.1. The videographer focused only on the tube, more than on the sample. The zoomed out shot is okay to use.
4.9. After the scan using microcomputed tomography [1], gently remove the muscle from the tendon using scalpel blade [2]. Insert the bone specimen into the 3D-printed fixture [3].
4.9.1. SCREEN: cross sectional measurement. (video 15)
4.9.2. CU: Talent removes muscle.
4.9.3. CU: Talent inserts the sample into 3D fixture.
4.10. Insert the bone into the 3D printed fixture and attach into the testing grips [1]. Insert and glue the tendon between a folded thin tissue paper and clamp it using thin film grips [2]. Insert the sample and the grips into a testing bath of PBS at 37 degrees Celsius [3], and perform a mechanical test [4-LM].
4.10.1. Talent inserts bone and tendon specimen into 3D fixture and attaches it to the testing grips. Important Step.
4.10.2. Talent inserts and glues the tendon between paper, and clamps.
4.10.3. [bookmark: _GoBack]Talent places the sample into a water bath.
[Added shot] Show the full setup of the fixture into the water bath, during testing.
4.10.4. Video provided by the author
Section – Results
5. Results: Mechanical Properties and Cross-sectional Area Measurement
5.1. In this study, using reusable 3D printed fixtures to grip bone, specimen preparation time was reduced from hours to minutes [1]. 
5.1.1. Figure 3A&B
5.2. Representative load-deformation curves for tensile testing of supraspinatus tendon using current methods [1] eliminated major gripping artifact such as growth plate failure [2].
5.2.1. Figure C
5.3. The mechanical properties of supraspinatus [1] and Achilles tendons [2] demonstrate a significant effect of sex based on unpaired t-tests with p value less than 0.05 [3].
5.3.1. Figure 4 – Video editor: Emphasize SST parts of the graph.
5.3.2. Figure 4 – Video editor: Emphasize ACHT parts of the graph.
5.3.3. Figure 4
5.4. MicroCT successfully measured the cross-sectional area along the length of supraspinatus tendon [1], along the length of Achilles tendon [2]. 
5.4.1. Figure 5 – Video editor: Emphasize figure 5A.
5.4.2. Figure 5 – Video editor: Emphasize figure 5B.


Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Iden Kurtaliaj: It’s important to remember that each anatomic site has specific design criteria to consider for effective gripping, thus the design for each fixture should be adapted accordingly [1].
6.1.1. INTERVIEW
6.2. Iden Kurtaliaj: In addition to the monotonic tensile loading to failure, these fixtures can be used for cyclic loading which provides important information about tendon fatigue and/or viscoelastic properties [1].
6.2.1. INTERVIEW
6.3. Iden Kurtaliaj: Characterization of mechanical properties of murine tendons is uncommon in the literature due to the difficulty in gripping these small tissues, tedious and time-consuming specimen preparation methods, and artifactual growth plate fractures. This protocol presented a time efficient and reproducible method that has eliminated artifactual grip failures and have tripled the number of specimens that can be tested in a day [1].
6.3.1. INTERVIEW  


 2018, Journal of Visualized Experiments	Page 2 of 10
image1.png




