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Authors, please fill out the brief questionnaire below.   
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  

Can you record movies/images using your own microscope camera? (Y/N)_Y(only images)________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? _4.4 – 4.10
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 4.7__Embed the tip of the K wire in the tendon and immobilize it with one hand to make sure it does not move  _____________

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _In vitro section and surgery have to be performed in different rooms about 50 m apart to each other.
1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal: (read by voice talent at JoVE)
The overall goals of this bilateral rat model are to optimize the use of animals and evaluate treatment candidates for tendon defects. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Takashi Taguchi: This method can help answer key questions in the orthopedic field, such as evaluation of cellular therapies on tendinopaty. 
1.2. John Wagner: The main advantage of this model is that it controls inter-individual variation, thereby reducing the number of animals required to detect differences between treatments. 
1.3. Dominique Griffon: Visual demonstration of this method is critical as the creation of bilateral standardized patellar tendon defects is difficult to learn, because it requires knowledge of the local anatomy, basic surgical skills, and precision while working on small structures.
E.  Ethics title card:
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at (Western University of Health Sciences).

Protocol: (read by voice talent at JoVE)
2. Isolation and Expansion of MSCs from Equine Umbilical Cord Matrix
2.1. To begin, wash a harvested equine umbilical cord twice a 50-mL tube [1.WID] using room temperature PBS containing antibiotics.  [2.MED-TXT]
2.1.1. Establishing shot, talent performing fist wash
2.1.2. Washing the cord for the second time, TEXT: PBS + 1% Pen/Strep
2.2. Next, transfer the tissue to 150-mm plate and section it into 2-inch-long fragments.  [1.CU] Then, transfer the fragments to a 50 mL tube and wash them with PBS containing antibiotics to remove the blood. [2.MED] Do this two or three times and at room temperature. [3.CU-TXT]
2.2.1. Loading tissues onto plate and slicing into fragments
2.2.2. Transferring the tissue into 50-mL tube, washing with PBS+Ab
2.2.3. Washing again with PBS+Ab, TEXT: Wash 2-3x, RT, PBS + 1% Pen/Strep
2.3. Next, cut the fragmented parts of the umbilical cord longitudinally to expose the vessels that run its length. [1.ECU] Using forceps and scissors remove those vessels, which include two arteries and a vein.  [2.ECU/SCOPE]
2.3.1. Cutting the cord sections along their lengths, to expose the inside
2.3.2. Removing vessels from interior wall of cord sections (Author Comment: Allantoic stalk was not included in the portion we dissected.)
2.4. Now, from two or three fragments, collect the jelly-like matrix surrounding vessels. Scrape it away with a scalpel [1.ECU/SCOPE] [2.MED]. Then, mince the jelly, also known as Wharton’s Jelly, into fine pieces.  [3.ECU]
2.4.1. Scraping jelly away from cord sections – Insert new image here
2.4.2. Adding jelly to plate
2.4.3. Mincing the jelly in plate
2.5. Next, transfer the jelly into a 50-mL tube with 15 mL of 0.1% collagenase type IA in PBS [1CU] and incubate the tissue at 37 °C with gentle shaking for 3 to 4 hours, [2.MED] until it is completely dissolved. [3.ECU]
2.5.1. Transferring jelly into tube with solution
2.5.2. Capping tube and setting it up on shaker in incubator
2.5.3. Detail of tube after jelly is dissolved into solution
2.6. Next, centrifuge the digested tissue and aspirate the supernatant. [1.CU-TXT]  Next, re-suspend the digested tissue in 15 mL of PBS and mix by pipetting.  [2.ECU] Then, repeat this wash with PBS three times using a slower centrifugation. [3.MED-TXT]
2.6.1. Unloading tube from centrifuge and disposing of supernatant, TEXT: 300 x g, 15 min
2.6.2. Adding PBS to tube and mixing pellet into solution
2.6.3. Loading the tub back into the centrifuge, programming and starting cycle, TEXT: Wash 3x, 150 x g, 15 5 min
2.7. After the last wash, re-suspend the cells in 15 mL of PBS [1.MED] and then use a 100-micron cell strainer to filter cells, centrifuge for 5-minute at 150 G to collect the cells. [2.MED] Re-suspend the cells in 10 mL of freshly made culturing medium at 37 °C. [3.CU]
2.7.1. Adding wash solution PBS to the cells, after last wash
2.7.2. Loading Passing cells in wash solution PBS onto through strainer, then loading this assembly tube with flow through into the centrifuge, TEXT: 150 x g, 5 min
2.7.3. Removing supernatant from tube, adding back medium from warm flask and resuspending the cells in medium
2.8. Transfer the suspension into a 25-square-cm culture flask, [1.CU] and incubate the cells, changing the medium every third day. [2.MED-TXT]
2.8.1. Loading a culturing flask with medium/cells
2.8.2. Loading the flask into the incubator, TEXT: 5% CO2, 90% RH, 37.0 °C
2.9. When the cells reach 70 to 80% confluence, passage them.  Aspirate the medium [1.CU] and wash the cells twice with room temperature PBS without antibiotics. [2.MED-TXT]
2.9.1. Removing medium from plate, using aspiration
2.9.2. Adding and removing PBS (on plate), TEXT: Wash 2x, PBS 
2.10. Then, use 3 mL of 0.25% trypsin/EDTA to detach the cells.  [1.WID] End the reaction with a 6 mL addition of warm medium [2.MED], collect the suspended cells and pellet them.  [3.CU]
2.10.1. Adding trypsin to plate and loading plate back into incubator, TEXT: 37 °C, 5 min
2.10.2. Adding medium to plate
2.10.3. Collecting medium+cells off plate and adding to conical tube, TEXT: 150 x g, 5 min
2.11. Discard the supernatant and resuspend the pellet in 1 mL of medium. [1.MED]  To complete the passage, re-seed a tissue culture flask [2.MED] with 5,000 cells per square-cm and continue growing the culture. [3.MED]
2.11.1. Removing supernatant from tube, discarding, then adding medium to tube
2.11.2. Mixing the cells back into a suspension, then taking sample for counting (Author Comment: cell counting was not filmed)
2.11.3. Taking a specific-volume aliquot from suspension and adding it to a new culturing flask
3. Preparation of Spheroids with UCM-MSCs Cultured on Chitosan Films
3.1. To begin prepare fresh chitosan solution.  [1.WID] Then, load each well of a 12-well plate with 500 µL of solution.  [2.MED] Swirls the plate to distribute the solution over all surfaces.  Then, dry the plate under a laminar flow cabinet.  [3.WID]
3.1.1. Making chitosan solution
3.1.2. Loading chitosan solution into 12 well plate
3.1.3. Swirling plate and setting up plate to dry in laminar flow cabinet
3.2. After 16 to 24 hours a thin film of chitosan will form in the plate wells. [1.ECU]  Neutralize this film by adding 1 mL of 0.5-Normal sodium hydroxide to each well [2.MED] and incubating the plate for 2 hours at room temperature. [3.WID]
3.2.1. Detail of plate, try to show the cloudy transparent film that develops after chitosan dries (Author Comment: Dried chitosan plate is transparent. However, undissolved chitosan can be seen as small speck.)
3.2.2. Adding NaOH to the wells
3.2.3. Finishing the NaOH additions and setting up plate to incubate for 2 h
3.3. Later, aspirate the sodium hydroxide from each well and, [1.CU] then, wash each well with 1 mL of distilled water. Perform three water-washes, [2.MED-TXT] then, wash each well with 1 mL of 70% ethanol once.  [3.MED]
3.3.1. Sucking solution out of wells
3.3.2. Adding water to wells, TEXT: Wash 3x, H2O
3.3.3. Finishing removal of water wash from plate and starting addition of  70% EtOH to wells 
3.4. After removing the ethanol wash, replace it with another mL of 70% ethanol and incubate the plate [1.MED] overnight in a laminar flow cabinet to sterilize the chitosan film.  [2.WID]
3.4.1. Like 3.3.3, different angle
3.4.2. Setting up plate in flow cabinet to incubate overnight
3.5. The next day, aspirate the remaining ethanol from each well and wash each well with PBS three times. [1.MED-TXT] Then, further sterilize the chitosan film using an overnight, direct-exposure to ultraviolet light. [2.MED]
3.5.1. Removing solution from wells and adding new solution, TEXT: Wash 3x, PBS
3.5.2. Setting up and starting the UV incubation, show that the cover is OFF during the UV incubation
3.6. Now, to form spheroids of umbilical cord derived mesenchymal stem cells, seed the wells with 20 thousand cells [1.MED-TXT] and incubate the plate under normal or hypoxia conditions.  [2.WID-TXT]
3.6.1. Seeding the plate with cells, TEXT: 5,000 cells / cm2
3.6.2. Setting up the plate to incubate, TEXT: 5% CO2, 90% RH, 37 °C
Unfortunately, we aren’t able to fit in the FACS section to meet length limitation.  However, this section contains a fairly standard procedure that can be understood very well by reading the text protocol, and I hope you agree that this is was the best section to remove. 
4. Bilateral Patellar Tendon Defect Model in Rat

4.1. Place an anesthetized rat between two 0.5 L bottles filled with warm water and [1.MED] cover the rat with a cloth to keep it warm while not incurring skin injuries. [2.CU-TXT] 
4.1.1. Setting up the water bottles [Shots 4.1.1 and 4.1.2 combined]
4.1.2. Placing the rat between the water bottles and covering with cloth, TEXT: See the text protocol for anesthesia details.
4.2. Next, to avoid skin trauma, apply hair remover cream over both stifles and use a tongue depressor to remove the cream and hair. [2.ECU-TXT] Then, tape each limb to the table and, to reduce risk of hypothermia, cover the body with bubble wrap. [1.CU]
4.2.1. Securing the limbs and applying a cover of bubble wrap (Move below 4.2.2)
4.2.2. Adding cream and removing the hair, TEXT: Do not use surgical clips. (Author Comment: Move 4.2.2 up above 4.2.1.) (Editor: I’ve swapped these VO segments, but also swapped the VO to match. However, if the rat was taped down and covered with bubble-wrap first, please swap both the VO and shots back)
4.2.1. Securing the limbs and applying a cover of bubble wrap
4.3. Now, scrub the surgical site with chlorhexidine digluconate [1.MED] and rinse it with 70% ethanol. Do this three times and proceed with the surgery. [2.CU]
4.3.1. Scrubbing the rat
4.3.2. As above in detail
4.4. With a number-15 scalpel, incise the skin in a proximal to distal direction, on the craniomedial aspect of the stifle. Start the incision about 1 cm proximal to the level of the patella, and extend it approximately 5 mm distally to the tibial tubercle. [1.ECU]
4.4.1. Making first incision, as described
4.5. Next, free the underlying subcutaneous tissue with the scalpel and reflect the skin to expose the patellar tendon. [1.ECU]
4.5.1. Freeing subcutaneous tissue and reflecting skin, tendon becomes visible
4.6. Now, align a 0.99 mm-diameter Kirschner wire against the patellar tendon between the distal aspect of the patella to the tibial tuberosity. [1.SCOPE]
4.6.1. Aligning the wire against the tendon 
4.7. Then, while keeping the wire stable, use the scalpel to make incisions on both sides of the wire, releasing a portion of tendon about 1-mm wide. Then, resect the central section proximally and distally using fine Iris scissors. [1.ECU]
4.7.1. Making incisions, removing portion of tendon
4.8. In parallel, have an assistant prepare the clot.  To do so, thaw the plasma sample and [1.WID] mix 20 µL of it with half-a-million mesenchymal stem cells.  [2.CU]
4.8.1. Establishing shot of assistant in other room, thawing plasma
4.8.2. adding plasma and cells to tube, then mixing
4.9. Next, in a microcentrifuge tube, mix 6 μL of 10% calcium chloride with 100 µL of thawed plasma – this will activate that plasma.  [1.ECU] Then, mix the cell suspension into the activated plasma – this cause the plasma to clot.  [2.CU]
4.9.1. Adding plasma and 10% CaCl2 to well of 96-well plate microcentrifuge tube
4.9.2. Adding cells/plasma to activated plasma
4.10. Now, place the prepared clot within the patellar tendon defect. Limit the manipulation of the clot to minimize fluid release from the clot. [1.ECU]

4.10.1. Placing clot in tendon defect

4.11. Then, using 5-0 polyglactin 910 sutures, carefully close the fascia with a cruciate pattern, without interfering with the clot.  Finish by closing the skin with an intradermal pattern.  [1.ECU-TXT]
4.11.1. Closing fascia and skin with sutures, TEXT: Repeat the procedure on the contralateral stifle. 
5. Results: Testing the Tendon Defect Model 
5.1. Cells were isolated from the umbilical cords of six mares, and cultured under standard conditions or on chitosan films. The cells cultured on chitosan formed spheroids. [1.LM-TXT] 
5.1.1. Figure 8, add title under left panel “Chitosan” and add title under right panel “Regular”
5.2. The patellar tendon defect model was tested on many rats and a battery of behavioral tests were used to estimate their recovery.  By 28 days post-operative the rats had returned to baseline strength after an initial deficit in strength measured at 7 days post-operatively. 
5.2.1. Table 3 – results of behavioral tests
5.3. Upon histological examination with Mason-Trichome stain, moderate arteriole and capillary infiltration was noted, [1.LM] along with moderate to extensive collagen formation, [2.LM] whereas cartilage formation was not supported.  Overall, the bilateral patellar tendon defect model limits inter-individual variation without significant morbidity, thus reducing the number of animals needed for testing. [3.LM]
5.3.1. Fig 9 – show the three images of the first row (top top), the three images of the third row (middle) and the left image of the bottom row (bottom).  On the left edge add the titles “7 days” (top), “28 days” (middle), “control” (bottom). On the top of the screen, going from left to right title the columns “Untreated” “Normal SC” “Conditioned SC” 
5.3.2. Fig 10 – Use the same titles as above and substitute images from this figure 
5.3.3. Fig 11 – Use the same titles as above and substitute images from this figure
6. Conclusion (said by authors on camera)
6.1. John Wagner: After watching this video, you should have a good understanding of how to create a rat bilateral patellar tendon window defect model and how rats will recover from this surgery.

6.2. Dominique Griffon: Once mastered, this surgery can be done in less than 30 minutes by three investigators if it is performed properly.  One assists with anesthesia and the other prepares the clot during the 
6.3. Takashi Taguchi: Following this procedure, methods such as biomechanical testing, histology and immunohistology can be used in order to compare the effects of candidate treatments on tendon healing.

Provided Media

5.1.1 - Representative results - Figure 8 rotated.tif – cellular morphology on standard and chitosan plate

5.3.1 - Representative results – Figure 9.tif – histological evaluation of angiogenesis

5.3.2 - Representative results – Figure 10.tif – histological evaluation of collagen

5.3.3 - Representative results – Figure 11.tif – histological evaluation of cartilage

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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