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A. Microscopy: Does your protocol involve video microscopy? N
B. 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.

C. Which steps of from the protocol section below will viewers benefit most from having filmed?
2.2.1., 2.2.2., 2.4.2., 2.5.1., 2.5.2.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.2.1. To ensure success, care is taken to standardize the animals’ placement and make sure that the chest is out of the way of the rotation arm.
E. Will the filming need to take place in multiple locations? N
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. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Ara Nazarian: This method can help answer key questions in the orthopedic surgery field, such as can Relaxin II improve the range of motion in patients suffering from arthrofibrosis? 

1.2. Ara Nazarian: The main advantage of this technique is that it avoids the dissection of shoulder girdle muscles and intra-articular trauma, thus preserving capsular and articular continuity and anatomic integrity.
B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Beth Israel Deaconess Medical Center.
Protocol: (read by voice talent at JoVE)
2. Range of Motion (ROM) and Joint Stiffness Measurements
2.1. Before beginning the procedure, connect the microcontroller of a stepper motor to a computer [1-WIDE] and set up an in-house-developed MATLAB code to control the microcontroller [2-MED-over the shoulder].
2.1.1. Talent connecting microcontroller to computer

2.1.2. Talent setting up MATLAB code, with monitor visible in frame’
2.2. Next, position a 13-week-old, 250-300-gram Sprague-Dawley rat in a customized range of motion device with the aid of a laser guide. Then, position the left forelimb of the rat on the arm clamp [1-MED-TXT] in 90°-forward flexion with the sensing axis aligned with the long axis of the humerus [2-CU] and secure the forelimb by the wrist, elbow, and upper limb [3-CU].
2.2.1. Talent positioning arm in device (TEXT: Recommended 10 rats/experiment)
2.2.2. Shot of arm in forward flexion with sensing axis aligned with long axis of humerus
2.2.3. Forelimb being secured

2.3. Then use the microcontroller to control the passive forelimb rotation [1-MED] and cycle the sensor assembly three times between 60° of external rotation and 100° of internal rotation to obtain baseline torque measurements [2-CU], using inputs from the inclinometer in conjunction with those from a torque sensor to indicate the start and end of the measurements [3-CU-TXT].
2.3.1. Talent controlling rotation with stepper motor

2.3.2. Torque being measured 

2.3.3. Shot of inputs from inclinometer and torque sensor as possible (TEXT: Repeat for 10 rats total) (Author Comment: The system takes the desired angles (ie 60 external and 100 internal) and slowly moves the arm until those angles are achieved, while reading the torque value at each step of the motor. Input: 60deg external and 100deg internal. System uses this input to begin moving the arm from rest to each of these extremes of motion and back, while sensing the torque this creates in the shoulder. Output: the torque value at each step of the entire ROM) (Editor: I’m not sure if this comment was just informational. It doesn’t appear to impact the VO or shot at all) 
2.1. To perform the surgical immobilization of the shoulder joint, after confirming a lack of response to toe pinch [1-ECU-TXT], make a posterior longitudinal incision parallel to the humeral shaft starting just below the shoulder joint and extending for about 3 cm [2-CU].
2.1.1. Toe being pinched (TEXT: Anesthesia: 2% -> 5% isoflurane)
2.1.2. Incision being made
2.2. Using two braided polyester sutures, pierce through the medial edge of the scapula and around the distal two thirds of the humeral shaft [1-CU] and subsequently tighten the sutures to immobilize the shoulder joint [2-CU-TXT].

2.2.1. At least scapula being pierced (Videographer: Can combine 2.5.1. and 2.5.2. as necessary)

2.2.2. Sutures being tightened (Videographer: Can combine 2.5.1. and 2.5.2. as necessary) (TEXT: Caution: Do not constrict critical structures, i.e. brachial artery)
2.3. Use wound clips to close the incisions [1-ECU] and monitor the incision sites for infection daily during the first post-operative week [2-MED] [1-ECU].
2.3.1. Shot of wound clips in place/being placed

2.3.2. Talent checking wounds (Author Comment: This is done visually through the cage.  There is no manipulation of the animal.  We did not video this, as it is done during the general check on the animals.) (Editor: If 2.6.1 is long enough to cover this VO, please do that. Otherwise, try to cover this VO with shots of the animal in the cage if any were supplied.) 
2.4. Eight weeks after the immobilization, make an incision on top of the scar from the previous procedure [1-ECU] and remove the sutures from the humerus and the scapula [2-CU].
(Editor: The authors appear to indicate that they could not accurately demonstrate the actions for 2.7.1 and 2.7.2. They mention that they performed 2.7.2 in mock, and hopefully did the same for 2.7.1. Hopefully shots were provided for both. If a shot was not provided for 2.7.1, please try to cover the entire VO with 2.7.2)
2.4.1. Incision being made (Author Comment: Because we didn’t have a rat at the end of the 8week period following surgical restriction, we could not accurately recreate this incision during the video shoot.)
2.4.2. Suture(s) being removed (Author Comment: This was not actually performed during the video shoot, but mimicked in order to minimize the number of procedures on the animal)
2.5. Then close the incision with fresh wound clips [1-ECU] and measure the passive shoulder mechanics as demonstrated [2-CU].

2.5.1. Shot of wound clips in place/being placed Use 2.6.1
2.5.2. Representative shot of passive shoulder mechanics being measured (Author Comment: This is done with testing device, see 2.3.1-2.3.3 and 2.9.1 and 2.9.2. We define passive as no muscular contraction.  We use the system to reproducibly create passive motion of the arm.) (Editor: I don’t know if a separate shot was provided, but the author comment suggests that one was not. If they did not provide a shot, I’d suggest using whichever of the mentioned shots shows the shoulder/arm mechanics being measured most clearly)
2.6. To measure the range of motion, use the torque values at baseline as preset input variables in the program [1-MED-over the shoulder] to detect changes in the rotation range of motion with a 0.2° resolution [2-CU].
2.6.1. Talent at computer, setting program for ROM measurement, with monitor visible in frame 
2.6.2. ROM being measured 

2.7. For stiffness measurements, use the original rotation angles of 60° external rotation and 100° internal rotation as the preset inputs in the program [1-SCREEN] to detect the changes in torque with a resolution of 0.01 Newton millimeters [2-CU].

2.7.1.  *To be provided by Authors: Original rotation angles being inputted into program (Author Comment: I don’t understand this highlight. The angles are 60deg external and 100deg internal as above.  This is shown during the shoot of 2.3.1-2.3.3) (Editor: I’m not sure what confused the author, but I’m assuming that they did not provide a screen capture as requested. If they did not, I’d suggest using whatever pieces of 2.3.1 – 2.3.3 look best. From the shot descriptions, 2.3.2 likely focuses most on the degrees of rotation that the authors mention)
2.7.2.  Stiffness being measured (Author Comment: This is the same as 2.9.2, stiffness is a function of ROM) (Editor: The authors did not request a change in VO here, even though they state that the second shot is covered previously. If they did not provide a shot here, I’d continue showing parts of 2.3.1 – 2.3.3 here to cover the VO, and prompting the authors for a change) 
2.8. Weigh the animal on the same day as each range of motion assessment as one of the tools for evaluating animal health status during the study [1-MED].

2.8.1.  Talent placing rat onto balance 
2.9. Then return the animal to its cage [1-MED-over the shoulder], with daily monitoring during the first week for signs of infection, pain, or distress [2-MED-TXT] and removing the wound clips on the tenth day after the second surgery [3-CU].
2.9.1.  Talent placing rat into cage

2.9.2.  Talent checking animal (TEXT: Measure ROM 2x/wk until <10% change from previous measurement)
2.9.3.  Clip(s) being removed (Author Comment: Just FYI, this is done on the surgery table (as was done during the shoot)
3. Results: Representative Humeral Head Coronal Slices
3.1. The intact group displays a proper separation between the capsule and the articular surface of the humeral head [1-LM], as well as a normal cellular organization in the synovial tissue [2-LM] and articular cartilage [3-LM].
3.1.1. Authors: please upload the images from Figure 2 through the submission link together in a new unflattened .ai or .psd file (or without the red arrows) without the I and II labels: Video Editor: please add/emphasize red arrow as in original Figure 2I

3.1.2. Figure 2: Video Editor: please emphasize area of slightly blue stained cells in top middle/left of original Figure 2I

3.1.3. Figure 2: Video Editor: please emphasize area with pink tissue and big open spaces with grey cell clusters in bottom left of original Figure 2I

3.2. The surgically immobilized group, however, exhibits evidence of capsular adhesions in the inferior aspect of the shoulder joint [1-LM]. Moreover, the surrounding tissue appears to be denser as compared to the intact shoulders, leading to a tighter capsule with a decreased joint space [2-LM].

3.2.1. Figure 2: Video Editor: please add/emphasize red arrow as in original Figure 2II

3.2.2. Figure 2: Video Editor: please emphasize pink and grey tissue in middle/left of image

4. Conclusion (said by authors on camera):
4.1. Patrick Williamson: While attempting this procedure, it’s important to remember to position the animals correctly.
4.2. Patrick Williamson: Following this procedure, other methods, like intraperitoneal injection of relaxin II, can be performed to answer additional questions about the systemic effects of relaxin II.
4.3. Patrick Williamson: After its development, this technique paved the way for researchers in the field of orthopedic surgery to explore the use of relaxin II in reversing fibrosis in different joints due to various underlying pathologies.

4.4. Patrick Williamson: Don't forget that working with animals can be dangerous and that precautions, such as proper animal handling and wearing personal protective equipment, should always be taken while performing this procedure.   

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Insert the filenames of all the media to be included into the video here. (Editor: These were provided as of 08/03/18)
Figure 2A.psd
Figure 2B.psd

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 in the email accompanying the finalized script.

( 2018, Journal of Visualized Experiments


