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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ____N_____ If yes, please list make and model of your microscope: 
B.   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? Please list 4-6 steps__1.3, 1.6, 1.8, 1.8, 1.9, and 1.11________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _Securing the prosthesis in the oscillation rack is the most difficult procedure and we often have two people working together to accomplish this task._____________________________

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to estimate the inertial properties of a below-knee prosthesis. (Intro)

This is accomplished by first measuring the period of oscillation with the prosthesis suspended within a cage. (P1: Show the image provided. If possible, add animation of the prosthetic in the cage moving from right to left. Shots 3.4.1 & 3.5.1)

The second step is to use a reaction board technique to estimate the center of mass location for the combined prosthesis and cage system. (P2: Show the image provided with text. Shot 3.11.1)

Next, the prosthesis is removed from the cage and the reaction board technique is used to estimate the center of mass location of just the cage. (P3: Leave the image from P2, and remove the prosthetic within the cage, leaving an empty cage on the screen. Shots 3.12.1)

The final step is to measure the period of oscillation for the cage alone. (P4: Show the image provided. If possible, add movement to the rectangle within the cage by having it move back and forth (from right to left and back) Shot 3.17.1)

Ultimately, inertial measurements of the cage are subtracted from the measurements of the prosthesis and cage combined to provide estimates of the inertial properties of the prosthesis. (P5: Figure 5 & 6)

Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   

[image: ]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Jeremy Smith: The main advantage of this technique over existing methods, like assuming inertia properties of the prosthetic side are similar to those of the intact side, is that the inertia of the prosthetic leg is more accurately represented in the biomechanical model of the person.   
1.2. **Jeremy Smith: Helping demonstrate the procedure will be Abbie Ferris, a doctoral student in my laboratory. 
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):
2. Inertial Measurement Preparation
2.1. To begin, sit the amputee in a chair where the prosthetic leg can be comfortably lifted off the seat so that the subject can perform a series of knee flexion and extension actions.
2.1.1. MED/WIDE: Talent asks patient to sit in chair. 
2.1.2. MED: Amputee sits in chair and demonstrates that the prosthetic leg can be lifted off the seat.  
2.2. Next, identify the knee center of rotation, or COR, and place a small piece of tape at the COR. 
2.2.1. MED – Over the Shoulder: Talent identifies the knee COR. 
2.2.2. MED – Over the Shoulder: Talent places a piece of tape at the COR. [also covered in 2.2.1]
2.3. Then, measure the distance from the lip of the prosthesis to the knee COR. If the knee COR sits inferior to the lip of the prosthesis this value should be recorded as a negative value. 
2.3.1. MED: Talent measures the distance from the lip of the prosthesis to the knee COR. 
2.3.2. MED: Talent demonstrates to the camera that the knee COR sits inferior to the lip of the prosthesis and records it as a negative value. 
2.4. Next, determine the distance between the knee COR and the ankle COR. 
2.4.1. MED: Talent measures distance between the knee COR and the ankle COR. [Take 2 – pan] 
2.4.1.1 - Alt
2.5. Then, remove the prosthesis and the underlying sleeve to take measurements of the residual limb using a flexible tape measure to estimate the inertial properties of the residual limb. 
2.5.1. MED – Over the Shoulder: Talent removes the prosthesis and the sleeve. 
2.5.1.1 Alt CU
2.5.2. CU: Talent takes measurements of limb using tape measure. [done, but pause and redo  ->2.6.1]
2.6. Next, measure the proximal circumference of the residual limb, the largest circumference approximately two finger-widths from the knee joint.
2.6.1. MED: Talent measures the proximal circumference of the limb. 
2.6.2. [combined with 2.6.1] MED: Talent shows that it’s the largest circumference two figner-widths from the knee joint. 
2.6.1.1 Alt CU
2.7. Then, determine the distal circumference of the residual limb at the last bony prominence on the distal end.
2.7.1. MED: Talent determines the distal circumference of the residual limb at the last bony prominence on the distal end. 
2.7.1.1 Alt CU
2.8. Next, measure the length of the residual limb, the distance from the fibular head to the most distal aspect of the residual limb.
2.8.1. MED: Talent measures the distance from the fibular head to most distal aspect of the residual limb. 
2.8.1.1 Alt CU
3. Oscillation Rack Setup
3.1. Remove the inner cage from the oscillation rack by removing the axle. Place the subject’s liner and ply within the socket of the prosthesis. 
3.1.1. MED – Over the Shoulder: Talent removes the inner cage from the oscillation rack by removing the axle. 
3.1.2. MED – Over the Shoulder: Talent places subject’s liner and ply in socket of prosthesis. 
3.2. Then securely position the prosthesis with the shoe still on within the inner oscillation cage, using a Velcro strap to secure the foot of the prosthesis on the distal plate of the cage.
3.2.1. MED – Over the Shoulder: Talent positions the prosthesis in the inner oscillation cage.
3.2.1.1 Alt CU
3.2.2. MED – Over the Shoulder: Talent uses Velcro strap to secure foot of prosthesis on distal plate. 
3.3. Next, reposition the inner cage within the oscillation rack by securing the axle. Align the suspending arm of the inner cage with the set screw, which will set the angle of oscillation to less than 5 degrees. 
3.3.1. MED: Side view of talent securing the axle. 
3.3.1.1 alt Boom out
3.3.2. MED: Talent aligns the suspending arm with the set screw. 
3.3.3. MED/CU: Show that the angle of oscillation is less than 5 degrees. 
3.4. To begin an oscillation trial, pull the inner cage back until it hits the set screw and then move it forward until the space between the set screw and the inner cage is visible. 
3.4.1. CU: Talent pulls inner cage back until it hits the set screw, then moves it forward. 
3.4.2. CU: Show the space between the set screw and inner cage. 
3.5. Collect three oscillation trials with the prosthesis positioned in the inner cage and record the average time for one complete cycle of oscillation for each trial. 
3.5.1. MED: Talent collects oscillation trial. 
3.5.2. MED – Over the Shoulder: Talent records the average time for one complete cycle. 
3.5.2.1 Alt writing figure
3.6. Prior to shifting to the reaction board measurements, keep the prosthesis fixed in the rack and position the inner cage horizontally, resting it on the knife edges. 
3.6.1. MED: Talent positions the inner cage horizontally, resting it on the knife edges. 
3.6.2. MED/CU: Show that the inner cage is resting on the knife edges. 
3.7. Then record the distance between the top adjustable plate and the fixed cross-member at the top of the inner cage using digital calipers and a flexible measuring tape. 
3.7.1. MED – Over the Shoulder: Talent records distance between plate and cross-member using digital calipers and flexible measuring tape. 
3.8. Next, measure the distance between the bottom adjustable plate and the fixed cross-member at the top of the inner cage and determine the distance between the bottom adjustable plate and the fixed cross-member at the bottom of the inner cage.
3.8.1. MED: Talent measures distance between bottom plate and cross-member at the top of the inner cage. 
3.8.2. MED – Over the Shoulder: Talent measures distance between bottom plate and cross-member at bottom of inner cage. 
3.8.2.1 Alt combo Wide of 3.8.1 and 3.8.2
3.9. Then, measure the distance between the two knife edges. 
3.9.1. MED: Talent measures distance between knife edges. 
3.10. Position the rack and prosthetic limb in the reaction board assembly. Make sure the scale reads zero. Then, place one end of the inner cage over the scale, and position the knife edge at the bottom of the inner cage so that it is level and there is no tension between the two knife edges. 	
3.10.1 and 3.10.2 order switched, noted on slate
3.10.1. CU: Talent positions rack and prosthetic limb.
3.10.2. MED: Shot of the scale reading zero. 
3.10.3. CU: Talent places one end of cage over the scale, then positions the knife edge at the bottom of the inner cage.  [Scale end only]
3.10.3.1 Shot of other end
3.10.4. CU: Show the orientation of the components adjusted in the previous shot (that the inner cage is level). 
3.11. Lift the scale-end several times and place it back down on the scale. Record the value once a consistent reading from the scale is achieved.
3.11.1. MED: Side view of talent lifting the scale-end and placing it back down on the scale. 
3.11.2. MED – Over the Shoulder: Talent records the value. 
3.12. Next, remove the prosthesis from the inner cage and record the reaction board reading for just the cage. 
3.12.1. MED: Talent removes the prosthesis from the inner cage. 
3.12.2. MED – Over the Shoulder: Talent records the reaction board reading. 
3.13. Remove the shoe from the prosthetic limb and measure the mass of the shoe, then obtain the mass of the prosthesis without the shoe. 
3.13.1. MED: Talent removes the shoe from the prosthetic. 
3.13.2. MED: Talent measures the mass of the shoe.
3.13.3. MED: Side view talent obtains the mass of the prosthesis. 
3.14. Next, measure the distance between the COR of the ankle and the plantar surface of the foot. Then determine the length of the prosthetic foot without the shoe.
[switched recording order]
3.14.1. MED: Talent measures distance between COR of ankle and plantar surface of foot. 
3.14.2. MED – Over the Shoulder: Talent determines the length of the prosthetic foot without the shoe. 
3.15. Place the shoe back on the prosthesis and measure the distance from the ankle COR to the sole of the shoe and the length of the foot with the shoe on.
3.15.1. MED: Talent places the shoe back on the prosthesis. 
3.15.2. MED – Over the Shoulder: Talent measures distance from the ankle COR to the sole of the shoe. [2 measure under Take 1]
3.15.3. MED – Over the Shoulder: Talent measures the length of the foot with the shoe on.
3.16. Then, reposition the inner cage within the oscillation rack, making sure that the black corner with reflective tape is closest to the photocell. Secure the axis and make sure the suspending arm of the inner cage aligns with the set screw. 
3.16.1. MED: Talent repositions inner cage within the oscillation rack. 
3.16.2. CU: Show that the black corner with reflective tape is closest to the photocell. 
3.16.3. MED: Talent secures axis.  
3.16.4. CU:  Show that the suspending arm of the inner cage is aligned with the set screw. 
3.17. Finally, collect 10 oscillation trials, recording only the first oscillation period of each trial. 
3.17.1. MED: Talent collects oscillation trials. (TEXT: See Appendix A) 
3.17.2. MED: Talent records oscillation period. 
4. Results: Inertial Kinetic Estimate Comparison 
4.1. Inertial properties of the prosthetic side were significantly lower than the inertial properties of the intact leg. The mass of the prosthetic side was 39% less, the moment of inertia was 52% less, and the center of mass was 24% closer to the knee than intact estimates.
4.1.1. LAB MEDIA: Table 1 (Video Editor: Highlight the “Intact Mass” and “Prosthetic Mass” columns in Table 1 when “mass” is said. Highlight the “Ikneeintact” and “and “Ikneepros” columns in Table 1 when “moment” is said. Highlight the “Intact CM” and “Pros CM” columns in Table 1 when “center” is said.)
4.2. Joint reaction forces of the ankle, knee, and hip were determined in the anterioposterior and vertical directions. The stance phase begins at 0% of the gait cycle and ends at approximately 60% of the gait cycle. Swing continues until the next foot contact of the same leg at 100%. 
4.2.1. LAB MEDIA: Figure 3 (Video Editor: Highlight the left panels when “anteriorposterior” is said, then highlight the right panels when “vertical” is said. Zoom in on the graph in the upper left hand corner, then box the left most column with 0 on the x axis of the graph when “0%” is said, box the section above 60 on the x-axis when “60%” is said, and box the section above 100 on the x-axis when “100%” is said.) 
4.3. The following results were obtained when analyzing joint moments about a transverse axis through the ankle, knee, and hip. 
4.3.1. LAB MEDIA: Figure 4 (Video Editor: Show Figure 4) 
4.4. Joint kinetic profiles of the prosthetic side during swing more closely resembled those of an intact limb when inertial properties of an intact limb were used to model the prosthetic side. 
4.4.1. LAB MEDIA: Figure 3 and 4 (Video Editor: Display the entire image with all text. If possible, highlight the solid lines in yellow when “intact limb” is said, then highlight the dotted line in purple when “profiles” is said.)  

5. Conclusion (said by authors on camera)
5.1. Jeremy Smith: Once mastered, this technique can be done in 30 min if it is performed properly.
5.2. Abbie Ferris: After watching this video, you should have a good understanding of how to directly measure the inertial properties of a below-knee prosthesis.

Provided Media

Insert your media filenames here.

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, as well as an introduction to your videographer, closer to your filming date.
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