[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 59260
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18074348

[bookmark: _Hlk4614785]Title: A Mini-Invasive Technique with Internal Fixation as a Rat Model for Studying Immobilization-Induced Knee Flexion Contracture

[bookmark: _Hlk523304076]Authors and Affiliations: Shihai Jiang1*, Xiaoyou Yi3*, Yuansen Luo2, Dongjie Yu1, Yuangao Liu1, Lei Zhu2, and Kun Wang1
*These authors contributed equally to the work

1Department of Joint and Trauma Surgery, The Third Affiliated Hospital of Sun Yat-sen University
2Department of Plastic Surgery, The Third Affiliated Hospital of Sun Yat-sen University
3Department of Bone Surgery, Tungwah Hospital of Sun Yat-sen University

Corresponding Author:
Lei Zhu 		
zhulei@mail.sysu.edu.cn 

Kun Wang 		
wangk@mail.sysu.edu.cn 

Email addresses for Co-authors: 
jshhai@mail3.sysu.edu.cn
yixy@mail2.sysu.edu.cn
luoys7@mail2.sysu.edu.cn
yudj@mail2.sysu.edu.cn
liuyg23@mail2.sysu.edu.cn

Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.4., 2.5., 2.7., 2.8.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.9. Using the straight Mosquito-Type hemostatic clamp is helpful.
5. Will the filming need to take place in multiple locations? Y, 1 h metro ride between locations



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

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

1.1. Kun Wang: This simple and effective muscle gap separation modus technique combined with a mini-incision method is based on an internal fixation in a rat knee joint contracture model [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Kun Wang: The main advantage of this technique is that it provides a reproducible and minimally invasive alternative to inducing contracture of the knee joint in animals [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.3. Kun Wang: Demonstrating the procedure will be Shihai Jiang and Fei Zhang, grad students from my laboratory [1][2]. 

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving animal subjects were carried out in accordance with the Guide for the Care and Use of Laboratory Animals and were approved by The Third Affiliated Hospital of Sun Yat-sen University Institutional Animal Care and Use Committee and according to the ARRIVE guidelines. 

Section - Protocol
2. Minimally-Invasive Knee Joint Immobilization
2.1. After confirming a lack of response to toe pinch [1-TXT], shave the lower body of the anesthetized rat, including the two hind limbs [2], and disinfect the exposed skin with tincture of povidone iodine two times and 75% ethanol three times [3].
2.1.1. WIDE: Talent pinching toe Videographer: More Talent than rat in shot TEXT: Anesthesia: sodium pentobarbital 30 mg/kg i.p.
2.1.2. CU: Limb(s) being shaved, with shaved lower abdomen visible in frame
2.1.3. CU: Skin being wiped, with povidone iodine and ethanol container labels visible in frame as possible
2.2. Apply ointment to the animal’s eyes [1] and place the rat laterally under a surgical drape with one hind limb and hip exposed [2].
2.2.1. ECU: Ointment being applied
2.2.2. MED: Talent adjusting drape so that limb and hip can be observed and skin being wiped. 

2.3. Disinfect the surgical area with additional povidone iodine [1] and, at the distal end of the femur greater trochanter, draw a line along the body surface projection of the muscle gap between the vastus lateralis and biceps femoris to mark the direction of the skin incision [2].

2.3.1. [bookmark: _Hlk5442941]CU: Skin being wiped Video Editor: This shot was included in step 2.2.2
2.3.2. CU: Incision being marked

2.4. Next, make a 1.5-centimeter incision in the epidermis along the line [1] and use tissue forceps to bluntly dissect the muscle gap between the vastus lateralis and biceps femoris [2] until approximately 1 centimeter of the femoral shaft is exposed. Use a retractor to facilitate a continuous separation of the muscle gap [1].

2.4.1. CU: Incision being made, tissue being dissected, shot of exposed bone, and retractor being placed. 
Video Editor: One shot for steps 2.4.1 to 2.5.1
2.4.2. CU: Tissue being dissected
2.4.3. CU: Shot of exposed bone

2.5. Make a 1-centimeter incision in the epidermis along the body surface projection of the muscle gap between the tibialis anterior and fibularis longus on the distal lower extremity [2].

2.5.1. CU: Retractor being placed 
2.5.2. CU: Incision being made

2.6. Bluntly dissect the muscle gap until approximately 1 centimeter of the tibia is exposed [1] and use the retractor and smooth forceps to separate the soft tissues [1].

2.6.1. CU: Tissue being dissected/bone being exposed and tissue being separated Video Editor: One shot for 2.6.1 to 2.6.2
2.6.2. CU: Tissues being separated

2.7. [bookmark: _Hlk535538385][bookmark: _Hlk535537735]Holding a drill perpendicular to the bone, drill a 1-millimeter-diameter hole into the femoral shaft at 1500 rotations per minute approximately 8 millimeters below the lower edge of the greater trochanter [1].

2.7.1. CU: Bone being drilled

2.8. Quickly press the wound to stop the bleeding [1] and drill a 0.9-millimeter-diameter hole into the tibia approximately 4 millimeters below the edge of the tibiofibular fusion [2-TXT].

2.8.1. CU: Wound being pressed
2.8.2. CU: Bone being drilled TEXT: Caution: Avoid crushing muscles/tendons

2.9. Use a straight Mosquito-Typehemostatic clamp to form a submuscular course from the tibia hole to femur hole passing below the gastrocnemius in the tibia end and above the gluteus medius below the biceps femoris in the femur end [1].

2.9.1. CU: Tunnel being formed 

2.10. [bookmark: _Hlk1685662][bookmark: _Hlk1791715]Then use one M 1.4- x 8-millimeter steel screw to secure one end of a plastic plate in the proximal femur [1] and use one M 1.2- x 6-millimeter steel screw to secure another end of the plastic plate in the distal tibia [2-TXT].

2.10.1. CU: First screw/plate being placed
2.10.2. [bookmark: _GoBack]CU: Second screw being placed TEXT: Secure knee joint w/o various deformity

2.11. When the plate has been secured, use 4-0 absorbable sutures to close the myofascia, deep fasciae, and subcutaneous tissue [1] and close the skin with silk sutures [1-TXT].

2.11.1. [bookmark: _Hlk5442996][bookmark: _Hlk5442781][bookmark: _Hlk5442981]CU: Muscle being sutured and skin being sutured TEXT: See text for full post-operative care details Video Editor: One shot from 2.11.1 to 2.11.2
2.11.2. CU: Skin being sutured TEXT: See text for full post-operative care details



Section – Results
3. Results: Representative Arthrogenic Deficit and Histological Posterior-Superior Knee Joint Capsule Analyses 

3.1. X-ray imaging reveals a correct placement of the steel screws in the femur or the tibia [1].

3.1.1. LAB MEDIA: Figure 6B: JoVE Video Editor please emphasizes white screws

3.2. Three-dimensional reconstruction analysis after high-resolution micro-computed tomography scanning demonstrates the lateral placement of the screws [1] approximately 8 millimeters below the lower edge of the greater trochanter at the proximal femur [2] and about 4 millimeters below the edge of the tibiofibular fusion at the distal tibia [3].

3.2.1. LAB MEDIA: Figure 6C
3.2.2. LAB MEDIA: Figure 6C: JoVE Video Editor please add/emphasize top right arrow/area emphasized by top right arrow
3.2.3. LAB MEDIA: Figure 6C: JoVE Video Editor please add/emphasize bottom left arrow/area emphasized by bottom left arrow

3.3. [bookmark: _Hlk1782086]The arthrogenic deficits in the range of motion increase during immobilization in a time-dependent manner [1], as demonstrated by the higher average arthrogenic deficits measured for the immobilized knee joint [2] compared to the control knee joint at 56 days of immobilization [3]. 

3.3.1. LAB MEDIA: Figure 7
3.3.2. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize IM 56 days data bar
3.3.3. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize Ctrl days data bar

3.4. [bookmark: _Hlk535560212][bookmark: _Hlk535548831]On day one of the immobilization, no adhesion is observed by Elastica-Masson-staining of the posterior-superior knee joint capsule in the joint space [1] between the postero-superior joint capsule and the femur in the immobilized [2] or the contralateral side knee joint [3].

3.4.1. LAB MEDIA: Figures 8A and 8D
3.4.2. LAB MEDIA: Figures 8A and 8D: JoVE Video Editor please emphasize area in JS text and dotted square in Figure 8A
3.4.3. LAB MEDIA: Figures 8A and 8D: JoVE Video Editor please emphasize area in JS text and dotted square in Figure 8D

3.5. By 28 days of immobilization, however, fibro-adipose tissue deposits and adhesion develop in the joint space of the immobilized knee [1].

3.5.1.  LAB MEDIA: Figures 8B and 8E: JoVE Video Editor please emphasize area in dotted square in Figure 8E

3.6. After 56 days of immobilization, the fibrous tissues are partially replaced by the deposition [1] while this type of adhesion is not observed in the contralateral knee joint [2].

3.6.1. LAB MEDIA: Figures 8C and 8F: JoVE Video Editor please emphasize area in dotted square in Figure 8F
3.6.2. LAB MEDIA: Figures 8C and 8F: JoVE Video Editor please emphasize area in dotted square in Figure 8C






Section - Conclusion
4. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
4.1. Shihai Jiang: (Step: 2.4., 2.5.) This method is modified from that used by Professor Trudel and colleagues from the University of Ottawa. It is key to identify and separate the muscle gaps during the surgery [1].
4.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
4.2. Shihai Jiang: Following different immobilization time cohorts, other experimental processes, such as the ex vivo culture of the fibrotic knee joint capsule, can be performed to study the underlying molecular mechanisms [1].
4.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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