[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 60722 
Scriptwriter Name: Bridget Colvin 22
Project Page Link: http://www.jove.com/files_upload.php?src=18520258

Title: A Probing Device for Quantitatively Measuring the Mechanical Properties of Soft Tissues during Arthroscopy

Authors and Affiliations: Takehito Hananouchi 

Medical Engineering Laboratory, Department of Mechanical Engineering, Faculty of Engineering, Osaka Sangyo University

Corresponding Author: 
Takehito Hananouchi
hana-osaka@umin.net 





Author Questionnaire 

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

2. Software: Does the part of your protocol being filmed demonstrate 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. Please upload all screen captured video files to your project page by the script return deadline.

3. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   N


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Takehito Hananouchi: The main advantage of this device is that it allows us to measure the resistance of the soft tissue in a quantitative manner [1].

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

REQUIRED: 
1.2. Takehito Hananouchi: The device conforms closely to the shape of a conventional probe, uses consecutive parameter, and collects data in a known unit, Newtons [1].

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


1.3. 

Protocol
2. Phantom Hip and Arthroscope Setup 
2.1. For measurement of the resistance force of the acetabular labrum by pull-probing, first fix a phantom hip [1] consisting of the left pelvis and femur bone, major muscles of the hip, acetabular labrum, hip capsule, and articular cartilage of the hip joint onto a standard fixation device [2].
2.1.1. WIDE: Talent mock fixing hip into device. Vid NOTE: Only the femur bone is visible, the labrum and articular cartilage is not visible in any shot.   
2.1.2. Shot of hip on device. Vid NOTE: 2.1.2 A is a shot of leg from another angle, 2.1.2 B contains the leg opened. Video Editor: please emphasize each hip component when mentioned as possible Author NOTE: In the shot from the front side, the major muscles, and the hip capsule can be seen.

　　　　
2.2. Unlock the connecting part of the fixation device, then abduct and internally rotate the femur bone slightly to distance it from the pelvis and to generate joint space to mimic hip arthroscopy [1].

2.2.1. Bone being rotated. Author NOTE: This shot shows unlocking the connecting part of the fixation device, and Bone being pulled distally (i.e. to distance the femur bone from the pelvis) and rotated internally.

2.3. To prepare the arthroscope, connect a portable arthroscopy camera light source to a 4-millimeter, 70-degree autoclavable direct view arthroscope [1] and connect USB cables from the arthroscopy camera and the light source to a computer [2].

2.3.1. Talent connecting light source to arthroscope
2.3.2. Talent connecting cable(s)

2.4.  Then open the advanced screen recording software for the arthroscopy view [1].

2.4.1. Talent opening software, with monitor visible in frame 

3. Portal Preparation 

3.1. To generate the first portal, insert a cannulated needle and guide wire [1] into the hip joint from the tip of the greater trochanter to make a normal anterolateral portal [2].

3.1.1. WIDE: Talent selecting needle and wire
3.1.2. Needle and wire being inserted

3.2. Insert a 5.5-millimeter cannula with an obturator along the guide wire [1], then remove the obturator, and then insert the 70-degree arthroscope and camera along the cannula [2].

3.2.1. Cannula being inserted after the removal of the needle

3.2.2. Arthroscope being inserted 

3.3. Then confirm that the capsular triangle between the labrum and femoral head can be observed in the view from this portal [1] and create the second portal as a modified anterior portal [2].

3.3.1. SCREEN: Shot of triangle between labrum and femoral head in portal view. 3.3.1.mp4; 0:00:10-0:00:22 (at 0:00:15, you can see the triangle view)

3.3.2. SCREEN: Needle and guide wire being inserted. 3.3.2.mp4; 0:00:06-0:00:23 Vid NOTE: Do NOT include the needle being inserted twice. 

3.4. When the anterior portal has been generated, retain the arthroscope in the anterolateral portal [1], insert a 4.5-millimeter cannula with an obturator along the guide wire, remove the obturator and then insert an arthroscopic scalpel from the anterior portal [2].
  
3.4.1. Cannula being inserted after the removal of the needle. SC also available. 3.4.1.mp4; 0:00:35-0:00:51

3.4.2. Scalpel being inserted. SC also available. 3.4.2.mp4; 0:00:51-0:01:08 NOTE: 3.4.1 and 3.4.2 are the same file, so if you want, you can combine both steps


3.5. Perform a peri-portal capsulotomy around the anterior portal, moving the scalpel medially and laterally to generate more space for the anterior portal in the hip capsule [1], and place the arthroscope into the anterior portal [2].

3.5.1. SCREEN: Capsulotomy being performed/scalpel being moved. 3.5.1.mp4; 0:00:14-0:01:52

3.5.2. Arthroscope being placed switched from the anterolateral portal to the anterior portal  

3.6. Rotate the camera view of the arthroscope until the cannula can be visualized at the anterolateral portal [1] and insert the arthroscopic scalpel from the anterolateral portal [2].

3.6.1. SCREEN: Shot of cannula in anterolateral portal
  3.6.1.mp4; 0:00:08-0:00:18 Vid NOTE: Both video and SC was performed

3.6.2. Scalpel being inserted. SC also available 3.6.2.mp4; 0:00:06-0:00:16  Vid NOTE: 3.6.2 – 3.7.1 in one shot, The capsulotomy begins from 1:33 in shot 3.6.2 

3.7. Then perform a transverse, 15-millimeter-long interportal capsulotomy connecting the two portals 5 millimeters from the labrum from approximately 10 o'clock to 2 o'clock [1]. 

3.7.1. SCREEN: Capsulotomy being performed. 3.7.1.mp4; 0:00:28-0:01:24      

4. Probing Device Setup

4.1. To set up the probing device, connect the power supply unit and computer with a USB cable [1] and switch on the power supply [2].

4.1.1. WIDE: Talent connecting unit and computer
4.1.2. Talent turning on device power

4.2. Open the software for the probing device [1] and input the matrix data, which is pre-calculated during the calibration of the strain gauge sensor [2-TXT].

4.2.1. Talent opening software, with monitor visible in frame

4.2.2. SCREEN: 4.2.2.mp4; 0:00:08-0:00:29: Matrix data being inputted TEXT: Recalibrate if measured value not same as default weight value when placed at tip of probe

4.3. Immediately before each measurement, reset the measuring force value to zero [1] and check the functionality of the foot switch connected to the recording system of the probing device [2].

4.3.1. SCREEN: Talent resetting force value. 4.3.1.mp4; 0:00:04-0:00:10 (at 0:00:08, the resetting is done)
        
4.3.2. Talent checking foot pedal

5. Acetabular Labrum Resistance Force Measurement

5.1. To measure the resistance force of the intact labrum, switch the arthroscope into the anterolateral portal from the anterior portal [1], insert switching stick, remove the cannula, and insert another cannula. Finally insert the probing device through the anterior portal into the hip joint [2] until the tip of the device is below the inner side of the acetabular labrum [3].
NOTE: Regarding the above “another cannula”, please see that (72200440 CLEAR-TRAC 7.0 mm x 90 mm) on page 25 in the attached PDF. Regarding the above “switching stick”, please see that (6905019 Cannulated Switching Stick, 4.5 mm) on page 18 in the attached PDF.)

5.1.1. WIDE: Talent placing arthroscope into portal Videographer: Important step
5.1.2. Device being inserted Videographer: Important step
5.1.3. SCREEN: 5.1.3.mp4; 0:00:10-0:00:15. Shot of device tip below inner side of acetabular labrum Videographer: Important step
         
5.2. Takehito Hananouchi: Be sure to always confirm that the sliding aspect of the device works before probing [1].

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

5.3. Then retract the tip of the probing device in the direction of the joint [1] while pressing the foot pedal to obtain the force resistance value [2]. 

5.3.1. Tip being retracted. NOTE: SC also available 5.3.1.mp4; 0:03:53-0:04:10 Videographer: please press button for zeroing software before filming this step
              
5.3.2. [bookmark: _GoBack]Talent pressing foot pedal NOTE: Reuse a take of 4.3.2 here

6. Mock Cartilage Sample Force Reaction Measurement 

6.1. To measure the force reaction of a mock cartilage sample, place a freshly prepared 15- x 20- x 3-millimeter mock cartilage plate onto a base plate with a tiny stopper toward the side of the push-probing [1-TXT] and fix the position and orientation of the probing device such that the tip of the device almost touches the surface of the mock cartilage sample [2] at a 30-degree tilt to the horizontal line [3].

6.1.1. Sample being placed onto plate TEXT: See text for mock cartilage plate preparation details
6.1.2. Tip being positioned close to sample surface Videographer: Important/difficult step
6.1.3. Shot of device at 30° angle to sample Videographer: Important/difficult step

6.2. After zeroing the setting, press the foot pedal three times to push and pull the tip of the probing device on the mock cartilage sample [1].

6.2.1. Talent pressing foot pedal 

6.3. When the force resistance of all of the samples has been measured, use a classical indentation device [1] to measure the conventional elastic modulus and stiffness of the sample [2].

6.3.1. Talent using device Videographer: Important step
6.3.2. SCREEN: 6.3.2.mp4; 0:00:11-0:01:25 NOTE: If you want shorter version, 0:01:05-0:01:25, this version is after preloading of 0.02N)
       



Protocol Script Questions

A. Which steps from the protocol are the most important for viewers to see? 
5.1., 6.1., 6.3.

B. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
6.1. just do place the tip of the device closely to sample surface


Results
7. Results: Representative Quantitative Soft Tissue Mechanical Property Measurement

7.1. In this representative analysis, the highest mean resultant forces [1] of y and z for the acetabular labrum for the three steps were 4.4 Newtons at the intact labrum [2], 1.6 Newtons at the cut labrum [3], and 4.6 Newtons at the repaired labrum [4].

7.1.1. LAB MEDIA: Figure 5
7.1.2. LAB MEDIA: Figure 5 Video Editor: please emphasize Labrum intact data bar
7.1.3. LAB MEDIA: Figure 5 Video Editor: please emphasize Labrum cut data bar
7.1.4. LAB MEDIA: Figure 5 Video Editor: please emphasize Labrum repair data bar

7.2. In addition, a significant positive correlation between the probing sensor force and the elastic modulus was obtained [1]. 

7.2.1. LAB MEDIA: Figure 6 Video Editor: please add/emphasize dotted line and/or y= formula


Conclusion
8. [bookmark: _Hlk27388131]Conclusion Interview Statements

8.1. Takehito Hananouchi: Take care to maintain your arm position while probing, especially when pushing or pulling soft tissues, as sliding of the probe tip can affect the accuracy of the data [1].

8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (5.1., 6.2.) 

8.2. Takehito Hananouchi: In future studies, artificial intelligence may be a useful tool for identifying the condition of the soft tissue, as well as for acquiring quantitative parameters [1].

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