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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? 
2.2., 3.1., 3.3., 4.2., 4.4., 4.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.4. and 4.5., the mechanical and specialty visual perturbations must be designed to have appropriate amplitude, velocity, and bandwidth characteristics
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. Pouya Amiri: These experimental and analytical methods provide guidelines that aim to understand the role of the many components of the central and musculoskeletal systems in human postural control [1]. 

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

1.2. Abolfazl Mohebbi: This protocol provides a means to investigate the relative contributions of sensory modalities, including proprioceptive and visual systems and their interactions as well as muscle passive contributions to postural control [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. Robert Kearney: These methods can be used to objectively assess patient balance problems, to reveal the etiology of the impairment, and to aid in the design of interventions for improving postural control [1].

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

1.4. Pouya Amiri: These methods can also be used to study the interactions between sensorimotor pathologies and balance control, for example, for fall prevention in the elderly [1].

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

1.5. Abolfazl Mohebbi: First time users may have difficulty in establishing a consistent repeatable experimental paradigm and using the appropriate identification methods that account for closed-loop, nonlinear, and time-varying effects in postural control [1].

1.5.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-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 Research Ethics Board at McGill University.


Section - Protocol
2. Electromyography Measurement Preparation

2.1. To prepare a Subject for an electromyography measurement, select single differential electrodes [1] with an inter-electrode distance of 1 centimeter for ankle muscle measurements [2].

2.1.1. WIDE: Talent selecting electrode(s)
2.1.2. Shot of 1-cm electrode distance

2.2. To ensure a high signal to noise ratio and a minimal cross-talk, mark the medial gastrocnemius at the most prominent bulge of the muscle [1], the lateral gastrocnemius at 1/3 of the line between the head of the fibula and the heel [2], the soleus at 2/3 of the line between the medial condyles of the femur and the medial malleolus [3], and the tibialis anterior at 1/3 of the line between the tip of the fibula and the tip of the medial malleolus [4].

2.2.1. MG being marked Videographer: Important step
2.2.2. LG being marked Videographer: Important step; Video Editor: please emphasize line between head of fibula and heel when mentioned as possible/appropriate
2.2.3. SOL being marked Videographer: Important step; Video Editor: please emphasize line between medial condyles of femur and medial malleolus when mentioned as possible/appropriate
2.2.4. TA being marked Videographer: Important step; Video Editor: please emphasize line between tip of fibula and tip of medial malleolus when mentioned as possible/appropriate

2.3. When all of the points have been marked, use a razor to shave each area [1] and clean the skin with alcohol [2]. 

2.3.1. Skin being shaved
2.3.2. Skin being wiped

2.4. When the skin has dried, use double-sided tape to attach one electrode to each area, taking care that each electrode is fixed to the skin securely [1].

2.4.1. Electrode being placed

3. Kinematic Measurement Preparation

3.1. To prepare the Subject for a kinematic measurement, first use a strap to attach a reflective marker as high as possible on the Subject’s shank [1-TXT] and have the Subject put on the body harness [2].

3.1.1. WIDE: Talent placing marker on Subject Videographer: Important step TEXT: Marker for shank angle measurement
3.1.2. Subject putting on harness Videographer: Important step

3.2. Use a strap to attach a reflect marker to the Subject’s waist [1-TXT] and have the Subject climb onto the standing apparatus [2].

3.2.1. Talent attaching marker to waist TEXT: Marker for upper body angle measurement
3.2.2. Subject mounting apparatus

3.3. Adjust the Subject’s foot position to align the lateral and medial malleoli of each leg to the pedal axis of rotation [1] and use a marker to outline the foot positions [2].

3.3.1. Foot being adjusted Videographer: Important step
3.3.2. Foot being outlined Videographer: Important step

3.4. Instruct the Subject to keep their feet in the same locations during the experiments [1] and adjust the vertical position of the laser range finders to point to the center of the reflective markers [2].

3.4.1. Talent standing with feet in same position as Subject and pointing to own feet to indicate staying in same position, with Subject watching/nodding in frame
3.4.2. Talent adjust laser range finders

3.5. Then adjust the horizontal distance between the laser range finder and the reflective markers so that the range finders work in their mid-range and do not saturate during quiet standing [1].

3.5.1. Talent adjusting distance 

4. Experimental Assays

4.1. Before beginning the experiment, inform the Subject of what to expect for each trial condition [1].

4.1.1. WIDE: Talent explaining trial information to Subject 

4.2. Instruct the Subject to stand quietly with hands at the side while looking forward [1], maintaining their balance as they do so when faced with the real-world perturbations [2].

4.2.1. Talent showing Subject how to stand with hands at side Videographer: Important step
4.2.2. Talent demonstrating maintaining balance Videographer: Important step

4.3. For a quiet standing trial, have the Subject stand quietly for 2 minutes with no perturbations [1].

4.3.1. Talent starting timer while Subject stands quietly 

4.4. For perturbed experiments, if the objective is to investigate the role of somatosensory system or ankle stiffness in standing, apply pedal perturbations for 2-3 minutes while recording the data [1].

4.4.1. Talent applying pedal perturbation/Subject maintaining balance Videographer: Important/difficult step

4.5. If the objective is to examine the role of vision in postural control, use a trapezoidal signal with an appropriate amplitude and velocity to apply visual perturbations for 2-3 minutes while recording the data [1].

4.5.1. Talent applying visual perturbation/Subject maintaining balance Videographer: Important/difficult step

4.5.2. [Added Shot]: SCREEN: showing the visual field seen by the subject using virtual reality headset and the movement of the field used to perturb the visual system. Screenshot_4.5.2 was uploaded to the project page. (Editor: This screen capture could be shown as an inlay during “…use a trapezoidal signal with an appropriate amplitude and velocity to apply visual perturbations for 2-3 minutes while recording the data.” However, if it would be clearer/better to have this take up the full screen, I would show it during “…to apply visual perturbations for 2-3 minutes while recording the data.”)

4.6. If the objective is to examine the interaction of the two systems in postural control, apply the visual and pedal perturbations simultaneously [1-TXT].

4.6.1. Talent applying pedal and visual perturbations/Subject maintaining balance TEXT: Perform ≥3 trials/perturbation

5. Human Postural Control Identification 

5.1. For non-parametric identification of the dynamic relation of the body angle to visual perturbations, after loading the visually perturbed trial data into a suitable analysis software program [1], use the commands as indicated to decimate the raw body angle and the visual perturbation signals [2].

5.1.1. WIDE: Talent loading data, with monitor visible in frame
5.1.2. SCREEN: screenshot_5.1.2.:  00:21-00:26 

5.2. Select the lowest frequency of interest to determine the window length for power estimation [1] and select the type of window [2] and degree of overlap to find the power spectra [3]. 
	
5.2.1. SCREEN: screenshot_5.2.1.:  00:23-00:28 
5.2.2. SCREEN: screenshot_5.2.1.:  00:32-00:36 
5.2.3. SCREEN: screenshot_5.2.1.:  00:42-00:46 

5.3. Use the tfestimate (T-F-estimate) function to find the frequency response of the system as indicated [1] and find the gain and phase of the estimated frequency response as demonstrated [2].

5.3.1. SCREEN: screenshot_5.3.1.: 00:30-00:35
5.3.2. SCREEN: screenshot_5.3.1.: 00:36-00:44

5.4. Then use the command as indicated to calculate the coherence function [1] and plot the gain, phase, and coherence as a function of frequency [2].

5.4.1. SCREEN: screenshot_5.4.1.: 00:00-00:10
5.4.2. LAB MEDIA: Figure 4



[bookmark: _GoBack]Section – Results
6. Results: Representative Standing Trial and Frequency Responses  

6.1. In this example of a typical standing trial with trapezoidal signal visual perturbations [1], a virtual reality perturbation can be observed where the field of view rotates from 0 to ± 0.0435 rad in the sagittal plane [2].

6.1.1. LAB MEDIA: Figure 3A: 
6.1.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize data line

6.2. The ankle and body angles were very similar in this analysis, since the foot angle is zero and the shank and upper body move together [1].

6.2.1. LAB MEDIA: Figures 3C and 3E: JoVE Video Editor please emphasize data lines OR no animation

6.3. The ankle torque was also correlated with the shank and body angles [1].

6.3.1. LAB MEDIA: Figures 3C, 3E, and 3G: JoVE Video Editor please figure 3G data line

6.4. Electromyographs from the ankle muscles demonstrate that the soleus [1] and the lateral gastrocnemius are continuously active [2], that the medial gastrocnemius periodically generates large bursts of activities with body sway [3], and that the tibialis anterior is silent [4].

6.4.1. LAB MEDIA: Figures 3B, 3D, 3F, and 3H: JoVE Video Editor please emphasize 3B and 3F data lines 
6.4.2. LAB MEDIA: Figures 3B, 3D, 3F, and 3H: JoVE Video Editor please emphasize 3D data line
6.4.3. LAB MEDIA: Figures 3B, 3D, 3F, and 3H: JoVE Video Editor please emphasize 3H data line

6.5. Here a frequency response of the transfer function relating the visual input to the body angle for the standing trial data is shown [1].

6.5.1. LAB MEDIA: Figure 4

6.6. In this experiment, the coherence was the highest at a low frequency [1] and dropped significantly at higher frequencies [2].

6.6.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize data line between 0.1 and 1 Hz in Coherence graph
6.6.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize data line after 1 Hz in Coherence graph

6.7. The gain initially increased from 0.1-0.2 hertz [1] before decreasing to 1 hertz [2], demonstrating the expected low-pass behavior due to the body’s high inertia [3].

6.7.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize data line from 0.1 to 0.2 Hz in Gain graph
6.7.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize data line from 0.2 to 1 Hz in Gain graph
6.7.3. LAB MEDIA: Figure 4

6.8. The phase also started at zero [1] and decreased almost linearly with the frequency [2], indicating that the output was delayed with respect to the input [3].

6.8.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize first section of data line (from 1st to 2nd data point) in Phase graph
6.8.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize data line from second data point to end of Phase graph
6.8.3. LAB MEDIA: Figure 4




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Pouya Amiri: Take care to align the ankle axis of rotation with that of the actuator, that the subject does not generate extra movements (Step 3.3.), and that the appropriate mechanical-visual perturbations are used (Step 4.4. 4.5.) [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Abolfazl Mohebbi: Postural control models with meaningful physical parameters can be used to investigate the role and interaction of the sensory systems and their changes due to disease and ageing [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.3. Robert Kearney: These methods have been used to investigate healthy postural control and its adaptation, as well as to quantify changes in balance control, under a variety of experimental and clinical conditions [1].
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


 2018, Journal of Visualized Experiments	Page 7 of 10
image1.png




