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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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. Riemer J.K. Vegter : Power output is an important outcome parameter in wheelchair propulsion research that is of direct influence on all performance outcomes such as push time, recovery time, and mechanical efficiency [1].

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

1.2. Riemer J.K. Vegter: Importantly, these techniques can be performed to standardize or estimate power outputs in a number of different research settings at a low cost without too much training [1].

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

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

1.3. Riemer J.K. Vegter : Wheelchair propulsion is a straining activity that introduces significant challenges and risks for those dependent on wheelchair for their mobility. Measurement procedure standardization is necessary for unravelling these complexities [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Exclude for time as necessary

1.4. Riemer J.K. Vegter: These methods are not limited to regular hand rim wheelchair propulsion research but can also be employed in clinical and sports environments precise [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Exclude for time as necessary

Introduction of Demonstrator (Said by you on camera):

1.5. Riemer J.K. Vegter: Demonstrating the procedure will be Marika Leving, a post doc, and Rick de Klerk, a PhD student from my laboratory [1][2]. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. 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)

1.6. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the Centre for Human Movement Sciences.


Section - Protocol
2. External Power Output During Overground Testing
2.1. To perform a coast-down test, have the Participant sit in an active position as standardized as possible [1] with the feet on the footrest, hands on the lap, and looking straight ahead [2].
2.1.1. WIDE: Talent positioning Participant. Videographer NOTE: Shot 1.5.3 can be used here as well. 
2.1.2. [bookmark: _Hlk19626046]Shot of Participant in position Video Editor: please emphasize feet on footrest, hands on lap, and Participant looking straight ahead when mentioned
2.2. Rick de Klerk: The positioning of the participant is crucial and should be reflective of the position during the measurements. A change in the mass distribution will change the power output requirements [1].
2.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Exclude for time as necessary
2.3. To record the deceleration data using IMUs (I-M-U’s), attach one IMU to each wheel hub [1-TXT] and one to the center of the chair under the seat [2].
2.3.1. Talent attaching IMU to wheel hub TEXT: IMU: inertial measurement unit
2.3.2. Talent attaching IMU to seat
2.4. Write down which IMU is attached where and in what orientation for later reference [1] and use the Next Gen IMU Synchronized Network Manager executable to turn on and connect the IMUs [2].
2.4.1. Talent writing down IMU locations, while looking at wheelchair
2.4.2. Talent using manager to turn on and connect IMUs, with monitor visible in frame
2.5. To collect the time and velocity data, open the Tools tab, select Data Logger, and click Start [1].
2.5.1. SCREEN: screenshot_1: 00:20-00:40
2.6. Then briefly accelerate the wheelchair to a high velocity and immediately let the wheelchair decelerate to a complete standstill without interference while recording the time and velocity data [1-TXT].
2.6.1. [bookmark: _Hlk19626064]Talent/Participant accelerating wheelchair, wheelchair decelerating and stopping, Talent recording deceleration TEXT: Repeat coast-down x10 to collect back and forth data to reduce uneven surface influence NOTE: This used to be two or three shots in the original script, they were merged during filming. 
2.7. After the last analysis, open the coast_down_test software on the computer [1] and set the participant weight [2].
2.7.1. SCREEN: screenshot_2: 00:04-00:23 Video Editor: please speed up
2.7.2. SCREEN: screenshot_2: 00:26-30
2.8. Select Import data to import the coast-down data file [1].
2.8.1. SCREEN: screenshot_2: 00:36-00:46
2.9. Use the slider to select the coast-down sections in the data, clicking Grab selection after each data selection [1].
2.9.1. SCREEN: screenshot_2: 00:48-00:59
2.10. When all of the data has been selected, click Calculate outcomes and note the mean rolling friction and rolling friction coefficient [1-TXT].
2.10.1. SCREEN: screenshot_2: 02:15-02:22 Video Editor: please emphasize mean rolling friction and rolling friction coefficient data in bottom left of screen TEXT: Click Export to save data for later analysis
3. [bookmark: _Hlk19626082]External Power Output During Treadmill Testing
3.1. To perform a drag test, at least 30 minutes before the measurement, turn on the treadmill power supply [1] and set up the drag text computer and force sensor [2].
3.1.1. WIDE: Talent turning on power supply
3.1.2. [bookmark: _Hlk19626092]Talent connecting computer and sensor
3.2. In the drag test computer software, click Power table measurements [1] and ensure the participant is on the treadmill in the standardized active position [3].
3.2.1. Talent clicking measurements, with monitor visible in frame
3.2.2. Talent placing Participant into position 
3.2.3. Participant putting hands onto lap, looking straight forward
3.3. To measure the offset of the load cell, first record the force with no rope attached. At the end of the measurement, click OK [1].
3.3.1. SCREEN: screenshot_3: 00:11-00:22 
3.4. Connect the wheelchair to the force transducer with a lightweight rope [1], ensuring that the load cell and rope are horizontally aligned with the rear wheel axle of the wheelchair [2].
3.4.1. [bookmark: _GoBack]Talent connect wheelchair to transducer. Author NOTE: May be slated as 3.2.2.
3.4.2. Shot of load cell and rope horizontally aligned
3.5. Accelerate the belt to the desired speed [1] and increase the inclination of the treadmill [2]. Author NOTE: We combined 3.5.1., 3.5.2., 3.6.1. and took one shot from the front and one shot from the side instead.
3.5.1. Talent increasing belt acceleration
3.5.2. Talent increasing incline
3.6. When the position of the treadmill and wheelchair-user combination is stable [1], record the force and angle [2-TXT].
3.6.1. Shot of stable position/combination
3.6.2. SCREEN: screenshot_3: 00:31-00:42 TEXT: Repeat measurement for from 1.5-6% angles in 0.5% increments
3.7. Then use the angle and force to fit a linear regression equation and click Accept and OK to calculate the force at the zero-angle of the treadmill [1].
3.7.1. SCREEN: screenshot_3: 04:09-04:20
3.8. To set the power output, subtract the drag test friction from the target friction to calculate the required pulley weight [1] and position a pulley in front of or behind the treadmill, making sure that the pulley is centered [2].
3.8.1. Talent calculating pulley weight at bench with calculator or on computer
3.8.2. Talent positioning pulley. Author NOTE: We have three separate shots here using an alignment laser which is challenging to show on film. 
3.9. Attach the pulley to the wheelchair [1] and make sure that the rope is level [2].
3.9.1. Talent attaching pulley
3.9.2. Talent checking rope levelness
3.10. [bookmark: _Hlk17709292]Inform the Participant that the weight in the pulley might move the wheelchair [1] and use a basket of known low mass and a carabiner to attach to a 0- to 1-kilogram weight to the pulley system [2].
3.10.1. Talent indicating weight may move wheelchair and Participant nodding or similar
3.10.2. Talent attaching basket to system
3.11. Then slowly increase the weight as necessary until the desired power output is achieved [1].
3.11.1. [bookmark: _Hlk19626122]Talent adding weight(s) to basket
4. External Power Output During Ergometer-Based Testing
4.1. For external power output during ergometer-based testing, turn on the ergometer at least 30 minutes before testing [1] and open the associated software on the computer [2].
4.1.1. WIDE: Talent turning on ergometer
4.1.2.  Talent opening software, with monitor visible in frame
4.2. Click the Participant widget and Add and assign the participant an ID [1].
4.2.1. SCREEN: screenshot_4: 01:03-01:12
4.3. Enter the body weight of the participant and click OK [1].
4.3.1. SCREEN: screenshot_4: 01:13-01:19
4.4. Click the wheelchair icon, enter the wheelchair specifications, and click OK [1].
4.4.1. SCREEN: screenshot_4: 01:25-01:43 Video Editor: please speed up
4.5. Click the protocol widget. To create a custom protocol, select Add and Custom Protocol and click Next [1].
4.5.1. SCREEN: screenshot_4: 00:14-00:23
4.6. Assign the protocol an appropriate name and click Create [1].
4.6.1. SCREEN: screenshot_4: 00:24-00:36
4.7. To set the resistance to the friction coefficient obtained with the coast-down test, select Stages and click Add Stage and Resistance [1].
4.7.1. SCREEN: screenshot_4: 00:36-00:41
4.8. Set the Resistance coefficient to 0.01, the Target speed of the Participant to 4 kilometers/hour, and the Use Fixed Duration to 16 and click OK [1].
4.8.1. SCREEN: screenshot_4: 00:41-00:57 Video Editor: please speed up 
4.9. To set up the Participant screen, remove all of the widgets from the screen and click Add widget [1].
4.9.1. SCREEN: screenshot_5: 00:15-00:20
4.10. Then select the Wheelchair direction widget and drag the widget into the main window [1].
4.10.1. SCREEN: screenshot_5: 00:21-00:26
4.11. Use the alignment system to align the wheelchair on the rollers [1] and use the four-belt system to fasten the wheelchair [2].
4.11.1. Talent aligning wheelchair
4.11.2. Talent fastening wheelchair
4.12. Check that the wheels are not touching the ergometer and are properly aligned [1] and position the Participant in the standardized active position [2].
4.12.1. Talent checking wheels
4.12.2. Participant putting hands into lap and looking straight ahead
4.13. To calibrate the ergometer in the associated software, click the crosshairs icon [1].
4.13.1. [bookmark: _Hlk19626150]SCREEN: screenshot_4: 01:49-01:54
5. Internal Power Output Estimates During Hand Rim Wheelchair Propulsion
5.1. [bookmark: _Hlk19626180]To estimate the internal power output during hand rim wheelchair propulsion, turn on the spirometer at least 45 minutes before any calibrations or testing [1].
5.1.1. WIDE: Talent turning on spirometer
5.2. Use the associated software to calibrate the spirometer according to the factory guidelines [1-TXT]. 
5.2.1. [bookmark: _Hlk19626160]Talent at computer, calibrating spirometer, with monitor visible in frame TEXT: Calibrate turbine, reference gas, room air, and delay
5.3. Place the spirometer mask on the Participant. Adjust the elastic bands on the head cap to create a tight seal around the face [1] and secure the spirometer hose so that it does not interfere with the movement [2-TXT].
5.3.1. Shot of mask being placed on participant Bands being adjusted
5.3.2. Hose being secured TEXT: Optional: Connect heart rate monitor to spirometer
5.4. Then select New subject on the display of the spirometer [1] and press the test icon to begin the analysis [2].
5.4.1. New subject being selected
5.4.2. Test being pressed. NOTE: 5.4.1 and 5.4.2 filmed together.
5.5. For submaximal exercise testing, select the breath-by-breath mode [1]. To start recording, press the record key [2].
5.5.1. Breath-by-breath mode being selected
5.5.2. Record key being pressed. NOTE: 5.5.1 and 5.5.2 may be filmed together.



Section – Results
6. Results: Representative External Power Output Analyses  

6.1. In this analysis, the relative and absolute difference distributions between coast-down friction and measured power output during overground, treadmill, and ergometer wheelchair propulsion were determined [1], with an overall lower power output calculated for overground propulsion [2].

6.1.1. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize OG, TM, and WE data boxes with overground, treadmill, and ergometer
6.1.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize OG data boxes

6.2. Bland-Altman analysis for coast-down friction and measured power output [1] during overground [2], treadmill [3], and ergometer wheelchair propulsion [4] confirmed these findings [5].

6.2.1. LAB MEDIA: Figure 6
6.2.2. LAB MEDIA: Figure 6: JoVE Video editor please emphasize left graph
6.2.3. LAB MEDIA: Figure 6: JoVE Video editor please emphasize middle graph
6.2.4. LAB MEDIA: Figure 6: JoVE Video editor please emphasize right graph
6.2.5. LAB MEDIA: Figure 6: JoVE Video editor please emphasize data points in left graph








Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Rick de Klerk: Please remember that the estimated power output is only valid for the position that the participant was in during the calibration and is also highly dependent on the surface [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera (Step: 2.1.)
7.2. Riemer J.K. Vegter: After applying this procedure, a measurement wheel and position registration system can be used, for example, to examine shoulder loads and propulsion techniques, under known standardized conditions [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Riemer J.K. Vegter : These techniques have allowed researchers to monitor and standardize power outputs in wheelchair propulsion studies, facilitating collaboration and knowledge exchange through easier data combination and comparison [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Exclude for time as necessary
7.4. Rick de Klerk: Remember that the subject should not wear loose or dangling clothing during any of the tests [1].
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Videographer: Exclude for time as necessary
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