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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No  
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible (download the guidelines from the link given in the email): https://review.jove.com/account/file-uploader?src=20758653 

Videographer: Please record the computer screen for the shots labeled as SCREEN as back-up


3. Filming location: Will the filming need to take place in multiple locations: Yes, same building

Current Protocol Length
Number of Steps:  18
Number of Shots:  38 (3 SC) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Sonali Karnik: High mechanical loads to cartilage, like those from joint injuries, can lead to post-traumatic osteoarthritis, but the molecular pathways that drive this process are not fully understood. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.3.1


What are the current experimental challenges?
1.2. Abigail Hair: Mechanical loads can be applied to cartilage explants with a drop tower or other device, but loads that are too high or are not uniform can kill the chondrocytes. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.1


What research gap are you addressing with your protocol?
1.3. Sogol Younesi: We developed techniques to harvest bovine cartilage explants and apply a controlled load with a drop tower, in order to injure the chondrocytes without causing immediate cell death.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.8.1


What advantage does your protocol offer compared to other techniques?
1.4. Hessam Noori-Dokht: These protocols allow us to study the early injury response in viable cells that are potentially treatable.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.3.1

What research questions will your laboratory focus on in the future?
1.5. Diane Wagner: Our ultimate goal is to uncover the molecular pathways that are triggered by chondrocyte injury and to find ways to stop disease progression before it starts.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.6.1



Videographer: Obtain headshots for all authors available at the filming location.


Protocol  
2. Harvesting Osteochondral Explant from Bovine Forelegs
Demonstrators: Sogol Younesi, Hessam Noori-Dokht, and Abigail Hair 

2.1. To begin, obtain bovine forelegs from skeletally mature animals at a local abattoir within 6 hours of sacrifice [1]. Keep the tissue on ice during transportation [2].
2.1.1. WIDE: Talent placing the ice box with bovine forelegs on the bench.
2.1.2. Talent taking out the foreleg from the ice box and placing on the dissection table.

2.2. Using a meat band saw, remove the hoof to isolate the metacarpophalangeal joint without opening the joint capsule [1]. With a number 22 scalpel blade, remove the skin carefully without puncturing the joint capsule [2].
2.2.1. Talent operating the meat band saw to isolate the metacarpophalangeal joint.
2.2.2. Close-up of talent using a number 22 scalpel blade to carefully remove skin from the leg, avoiding the joint capsule.

2.3. Rinse each leg thoroughly outside the biosafety cabinet with cold water to remove dirt [1]. Then, apply betadine to coat and disinfect the surface [2].
2.3.1. Talent rinsing the leg with cold water at a sink station.
2.3.2. Talent applying betadine evenly over the leg surface.

2.4. Now, inside the tissue culture hood, use a new number 22 scalpel blade to open the joint capsule [1], isolate the distal joint [2] and hydrate the articular cartilage with PBS from a wash bottle [3]. Cover the articular cartilage with sterile gauze soaked in PBS to maintain hydration [3].
2.4.1. Talent opening the joint capsule with a new number 22 scalpel blade.
2.4.2. Talent isolating the distal joint.
2.4.3. Talent applying PBS to the cartilage using a wash bottle.
2.4.4. Talent placing PBS-soaked gauze on the cartilage.

2.5. To isolate the distal metacarpophalangeal joint, cut through the metatarsus with an autopsy saw [1]. Place the distal joint into a vise with the covered cartilage facing upwards [2] and tighten the vise until secure [3]. Regularly moisten the gauze on the cartilage with PBS throughout the process [4].
2.5.1. Talent using an autopsy saw to cut through the metatarsus.
2.5.2. Talent placing the joint into the vise with the covered cartilage facing upwards.
2.5.3. Talent tightening the vise.
2.5.4. Talent applying PBS to the gauze on the cartilage.

2.6. Now, fold the gauze away from one condyle [1] and adjust the position of the vise so that the coring bit is aligned above the flattest region of the articular surface [2].
2.6.1. Talent folding gauze away from one condyle.
2.6.2. Talent adjusting the vise so the coring bit is positioned above the flattest area of the articular surface.

2.7. Then, open the carboy valve to allow PBS to flow through the coring bit [1]. Use a wash bottle to continually hydrate the tissue and cool the samples during drilling [2].
2.7.1. Talent opening the carboy valve to release PBS.
2.7.2. Talent applying PBS from a wash bottle while drilling.

2.8. To core into the condyle slowly, press the drill bit into the condyle surface [1]. Frequently release pressure to allow heat to dissipate [2], while continuing coring to a depth of approximately 2 millimeters into the subchondral bone [3-TXT].
2.8.1. Talent slowly pressing the drill bit into the condyle surface.
2.8.2. Talent pausing and releasing pressure to dissipate heat.
2.8.3. Talent continuing coring to 2 millimeters depth. TXT: Repeat this for each side

2.9. Next, use the autopsy saw to release osteochondral cores and cut parallel to the articular cartilage surface, while applying PBS [1]. 
2.9.1. Talent using autopsy saw to cut parallel to the articular surface while other talent applies PBS to the cutting interface. 

2.10. Store the osteochondral cores in dilute betadine solution until all joints have been processed [1].
2.10.1. Talent placing osteochondral cores into a container filled with dilute betadine solution.

2.11. Prepare a 6-well plate with 3 milliliters of pre-warmed culture medium in each well [1]. 
2.11.1. TEXT ON PLAIN BACKGROUND:
Supplements in DMEM:
0.9 mM sodium pyruvate
Insulin-transferrin-selenium (ITS)
50 mg/mL L-ascorbic acid
Nonessential amino acids
Penicillin, streptomycin, and amphotericin B

2.12. Then, rinse osteochondral cores in PBS [1] and transfer each sample into an individual well of the 6-well plate [2]. Place the samples in a humidified incubator at 37 degrees Celsius with 5 percent carbon dioxide until the impact procedure on the next day [3].
2.12.1. Talent rinsing osteochondral cores in PBS.
2.12.2. Talent placing each core into individual wells filled with pre-warmed culture media.
2.12.3. Talent placing the 6-well plate into a humidified incubator.


3. Osteochondral Explant Impact
Demonstrators: Sogol Younesi and Hessam Noori-Dokht 
3.1. Fix the impact holder to the base plate of the drop tower using four autoclaved screws [1].
3.1.1. Talent attaching the holder to the drop tower base using a screwdriver to insert four autoclaved screws.

3.2. Place an osteochondral core into the holder under the impactor head of the drop tower with the bone side facing upwards [1] and adjust the drop tower carriage to the desired height above the bone surface [2].
3.2.1. Talent positioning an osteochondral core in the holder beneath the impactor head.
3.2.2. Talent adjusting the carriage height on the drop tower relative to the sample.

3.3. Click on the Start button on the data acquisition software just before releasing the spindle stop [1]. This frees the drop tower carriage to drop by gravity onto the sample [2]. Immediately lift the carriage and rest it back on the spindle stop [3].
3.3.1. SCREEN: Show the data acquisition software interface and click the Start button.
3.3.2. Shot of the drop tower carriage dropping onto the sample.
3.3.3. Talent lifting the carriage back and placing on the spindle stop after the impact.
[bookmark: _Hlk162020732][bookmark: _Hlk162020892]Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible (download the guidelines from the link given in the email): https://review.jove.com/account/file-uploader?src=20758653 

3.4. Now, load the .txt (text) file generated and run the code to filter raw data [1] and calculate impact parameters [2].
3.4.1. SCREEN: MATLAB interface displaying the script being executed.
3.4.2. SCREEN: Results appearing in the console.

3.5. Finally, using a number 11 scalpel blade, remove cartilage from the bone [1]. Return the sample to the culture media [2] and place it back in a humidified incubator at 37 degrees Celsius with 5 percent carbon dioxide until imaging the next day [3-TXT].
3.5.1. Talent removing cartilage from the osteochondral core using a number 11 scalpel blade.
3.5.2. Talent placing the sample into media.
3.5.3. Talent placing the dish in the incubator. TXT: Characterize cell viability and apoptosis in cartilage specimens


Results
4. Results 

4.1. The mechanical impact load to osteochondral explants was applied using a drop tower with different carriage heights [1]. Increasing the drop carriage height from 4 to 5 centimeters resulted in a stepwise increase in peak load [2], mean peak stress [3], loading rate [4], and impact energy [5].
4.1.1. LAB MEDIA: Table 1. Video editor: Highlight the “impact height” column 
4.1.2. LAB MEDIA: Table 1. Video editor: Highlight the values in the “Peak Load” column for row “5.0 cm”.
4.1.3. LAB MEDIA: Table 1. Video editor: Highlight the “Mean Peak Stress” column for row “5.0 cm”..
4.1.4. LAB MEDIA: Table 1. Video editor: Highlight the “Loading Rate” column for row “5.0 cm”.
4.1.5. LAB MEDIA: Table 1. Video editor: Highlight the “Impact Energy” column for row “5.0 cm”.

4.2. Cartilage impacted at 5 centimeters showed a significantly lower percentage of viable cells 24 hours after impact compared to non-impacted samples [1].
4.2.1. LAB MEDIA: Figure 3A. Video editor: Highlight the bar and the image for 5.0 cm 

4.3. The intensity of apoptotic fluorescence increased significantly with impact from 4 centimeters [1], and rose further at 4.5 [2] and 5 centimeters [3].
4.3.1. LAB MEDIA: Figure 3B. Video editor: Highlight the image and bar labelled “4.0 cm”.
4.3.2. LAB MEDIA: Figure 3B. Video editor: Highlight the image and bar labelled “4.5 cm” .
4.3.3. LAB MEDIA: Figure 3B. Video editor: Highlight the image and bar labelled “5.0 cm”.

4.4. The fitted holder, with a diameter only 0.1 millimeter larger than the sample, preserved significantly higher cell viability after impact [1] compared to the loose holder [2].
4.4.1. LAB MEDIA: Figure 4A. Video editor: Highlight the image and bar for “Fitted Holder”
4.4.2. LAB MEDIA: Figure 4A. Video editor: Highlight the image and bar for “Loose Holder”.

4.5. Apoptotic signaling was more concentrated at the surface and significantly higher in samples impacted with a loose holder [1] compared to a fitted one [2].
4.5.1. LAB MEDIA: Figure 4B. Video editor: Highlight the image and bar for “Loose Holder”
4.5.2. LAB MEDIA: Figure 4B Video editor: Highlight the image and bar for “Fitted Holder”

4.6. The presence of bone in the culture medium had no significant effect on chondrocyte viability or apoptosis compared to cartilage cultured alone [1].
4.6.1. LAB MEDIA: Figure 5A and 5B. Video editor: Highlight the bars for “Off Bone” and “With Bone”.
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