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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N___   
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
- Section 2.6/2.7 (Instruction and demonstration of the poling technique)
- Section 4.3 (Calibration of accelerometry system).
- Section 4.6 (Instruction and completion of 6 minute walk test trials)
- Section 4.11 (Dynamic calibration of motion capture system)
- Section 4.12 (Static calibration of motion capture system)
- Section 4.14 (Instruction and completion of 5-metre walk trials)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 
- Section 2.6/2.7 – Instruction and assurance that proper technique has been obtained is one of the most difficult aspects of the protocol due to varying abilities of the participants, but is also one of utmost importance. Without proper poling technique, it is difficult to state that the observed changes are a direct result of the poles. To ensure success with this aspect, we have created 4 basic and straightforward instructions (adapted from Nordixx Canada instructions) that we use to simplify the technique and ensure participants properly understand it and can perform it optimally.
- Section 4.11/4.12 – Ensuring that a strong calibration of the software (in this instance, the motion capture system) is essential to obtain accurate data regarding all test variables. To ensure success with this aspect, we review the “Image Error” of each camera directly following a calibration to ensure that each camera has a 0.40 image error or lower. This is done directly on the computer. Additionally, we perform the necessary number of calibrations as required (typically 1-3 tries) to ensure all cameras are at optimal settings.

E.  Will the filming need to take place in multiple locations? (Y/N) _Y__ If yes, how far apart are the locations? ________100m_____________________________________



1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE): 

The overall goal of this experiment is to determine the effects that Nordic walking poles have on both gait patterns and postural alignment, specifically in older adults (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Chris Dalton: This method can help answer key questions in the field of biomechanics, such as ‘How can Nordic walking be used to aid in improving gait and posture in older adults?’ and ‘What are optimal methods of assessing such gait and postural variables?’. 
1.2. Chris Dalton: The main advantage of this technique is that it demonstrates two efficient methods for assessing gait and posture as they pertain to Nordic walking. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.3. Julie Nantel: The implications of this technique may extend toward therapy settings, specifically pre-habilitation and rehabilitation, as the use of Nordic walking poles may aid with various gait and movement conditions. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
1.4. **Julie Nantel: Demonstrating the procedure will be Zachary Beaulne-Séguin, a grad student from my laboratory.    
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 

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

1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the University of Ottawa.


Protocol (read by voice talent at JoVE):  

2. Pole Set-up and Nordic Walking Instruction
2.1. To begin, provide each participant with a set of poles and instruct them to stand tall.  [2.1.1 - WIDE] Then, have the participant place the pole’s tips in front of their toes and place their elbows next to their body. [2.1.2 - MED]
2.1.1. Talent hands the participant a set of poles and uses a gesture to simulate standing tall.
2.1.2. Talent stands next to participant and points to the location where they should move the pole tips and then points to the elbow as the talent does what is instructed.
2.2. Instruct the participant to lengthen the poles until their elbows form an approximate 90° angle next to the body. [2.2.1 - MED - TXT] Ensure that the adjustment corresponds to approximately 65% of the participant’s body height. [2.2.2 - MED]
2.2.1. Talent adjusts the participants arm to the correct angle.(TEXT: ~90° angle)
2.2.2. Talent uses a tape measure to measure the length of the pole.
2.3. Then, securely tighten the poles and angle the boot tips backwards.  [2.3.1 - MED]
2.3.1. *Film as written
2.4. Before securing the wrist straps, instruct the participant in correct body posture by having them place their poles behind the lower back and stand tall. [2.4.1 - MED] Also, ask the participants to stand with their chest tall and the shoulders relaxed.  [2.4.2 - MED]
2.4.1. Talent demonstrates the step and the participant mimics the movement.
2.4.2. Talent demonstrates the step and the participant mimics the movement.
2.5. Then, have each participant secure their wrist straps, [2.5.1 - CU] place the pole tips behind them, and relax their arms at their sides. [2.5.2 - MED] While keeping their hands open, instruct the subject to begin walking with minimal arm swings for approximately 100 meters. [2.5.3 - MED - TXT]
2.5.1. *Film as written T1, T2, T3 
2.5.2. *Film as written: T1, T2
2.5.3. Talent adjusts the participants hands and then instructs them to begin walking as described. (TEXT: Walk ~100 M) T1, T2, T3
2.6. While still keeping the hands open and dragging the poles behind them, instruct the participant to begin walking faster and with larger arm movements. [2.6.1 - WIDE] Then, ask the participants to visualize bringing their hand up as if they are about to shake someone’s hand.  [2.6.2 - MED]
2.6.1. Talent instructs the participant to pick up the pace and they respond by walking faster.  T1, T2, T3
2.6.2. Talent holds out their hand as if to shake someone’s hand and asks the participant to bring their hand up as if to shake.
2.7. Finally, as the arm swings forward, have the participant gently grasp the handle and apply a force against the ground. [2.7.1 - MED] With each arm swing, instruct the individual to slightly lift the poles off the ground and firmly plant them with each subsequent stride.  [2.7.2 - MED]: The tip of the pole should be aligned with the foot midline
2.7.1. Talent points out motion to participant, then the participant follows the example.
2.7.2. Talent instructs individual how to do the arm swing and then the participant follows with the same motion using the pole.
A. Focus: arm swing B. Focus:  Planting poles
2.8. Chris Dalton: Learning and understanding the technique is critical to ensure consistency within this protocol. To ensure this step, we have broken instructions into 4 succinct statements to simplify things and ensure optimal performance from all participants. [2.8.1 - INT]
2.8.1. Interview style: Author saying the above  
[Split in 2 at first and then another take 4-5 all text.]
3. Anthropometric Measurements 
3.1. Begin data collection by collecting each participant’s anthropometric measurements. [3.1.1 - MED] Start by using a tape measure to measure each leg’s length as the distance from the anterior-superior iliac spine to the center of the medial malleolus.[3.1.2 - MED]
3.1.1. Talent walks up to participant with clip board and tape measure.
3.1.2. *Film as written
3.2. Then, measure the distance between the left and right ASIS, known as the inter-ASIS distance as well as the shoulder offsets. [3.2.1 - MED]
3.2.1. *Film as written
3.3. Using calipers, measure the widths of each joint by finding the distance between the bony prominences of each joint.  Do this to measure their knee widths… [3.3.1 -MED] ankle widths… [3.3.2 - CU] elbow widths… [3.3.3 - CU] wrist widths… [3.3.4 - CU] and also measure hand thicknesses.[3.3.5 - CU]
3.3.1. Talent measures the knee width of the participant.
3.3.1.b: actually measuring the knee width.
3.3.2. Talent measures the participant’s ankle width.
3.3.3. Talent measures the participant’s elbow width.
3.3.4. Talent measures the participant’s wrist width.
3.3.5. Talent measures the participant’s hand thickness.
3.4. Lastly, use a standard weight scale to measure the participant’s weight [3.4.1 - MED] and the tape measure to measure the participant’s height. [3.4.2 - MED]
3.4.1. *Film as written
3.4.2. *Film as written
4. Data Collection and Testing Protocol
4.1. In order to assess gait patterns and postural alignment over a long period of time, use an accelerometry system for data collection during the 6 minute walk test. [4.1.1 - WIDE]
4.1.1. Talent shows the participant the system used for the walk test. 
4.2. Ensure that the accelerometry system is comprised of at least 6 sensors, each with accelerometers and gyroscopes incorporated into them in order to measure both the acceleration and angular velocity of each specific body segment. [4.2.1 - MED/CU]
4.2.1. Talent displays the sensors, then picks one up and moves it around as if showing off its capture abilities.
4.3. Prior to their placement on the participant, ensure that all of the sensors are securely docked to the system’s docking station in order to synchronize them and calibrate the system.  [4.3.1 - MED]
4.3.1. Talent places the sensor back in the docking station.
4.4. Next, use adjustable hook and loop straps to attach the sensors to the wrists posteriorly… [4.4.1 - CU] to the ankles anteriorly… [4.4.2 - CU] to the L5 vertebrae of the lumbar spine…[4.4.3 - MED] and to the trunk, atop the sternum.  [4.4.4 - MED] Set the sampling rate to a minimum of 100 Hz. [4.4.5 - SCREEN] 
NB: we were unable to modify the sampling frequency directly in the software, therefore we provided you with a screen shot of the sampling rate in the result (xlsx) sheet.
4.4.1. *Film as written
4.4.2. *Film as written
4.4.3. *Film as written
4.4.4. *Film as written
4.4.5. Screen capture video as the sampling rate is set.
4.5. Then, ask the participant to perform two trials of the 6 minute walk test, one with poles and one without. [4.5.1 - MED] Randomly assign the two trials to control for order effect. [4.5.2 - CU]
4.5.1. Talent describes process to the participant.
4.5.2. Talent randomly assigns trial type order for a number of participants on a clipboard/lab notebook. 
4.6. Instruct the participant to walk back and forth along a 25-m walkway at a self-selected speed for 6 minutes. [4.6.1 - WIDE - TXT] Before the participant begins, be sure to click ‘Start’ to begin data collection with the accelerometry system. [4.6.2 - MED Over the Shoulder]
4.6.1. Talent motions back and forth along the path for the participant. (TEXT: 6-min walk test)
4.6.2. Talent clicks on “Start”.
4.7. When both trials of the 6 minute walk test have been completed, [4.7.1 - MED] assess short duration gait events using a 3-dimensional motion capture system with two force plates embedded in the pathway. [4.7.2 - MED]
4.7.1. Participant finishes the walk test. 
4.7.2. Talent brings out force plates and sets them in the pathway
4.7.2B: close-up.
4.8. Synchronize the force plates to the motion capture system by first connecting them to the computer via the wires provided from the company. [4.8.1 - MED]
4.8.1. *Film as written
A: wires
B: receiver/computer
C: turn on devices
4.9. Then, in the motion capture system software, add the force plates to the capture volume by entering the dimensions, position, orientation, sensitivities, and any other required information for the system. [4.9.1 - SCREEN]
4.9.1. Screen capture video showing above steps in the order they are listed.
4.10. Ensure that the force platforms are zeroed to prevent noise in the data, and ensure that they are collecting at a sufficient sampling rate of around 1000 Hz. [4.10.1 - SCREEN]
4.10.1. Screen capture video showing above steps in the order they are listed.
A: zero device (use clip from 4.8.1c) 
B: screen capture [force platforms zeroed in software]
C: screen capture [sampling rate around 1000Hz]
4.11. Next, complete a dynamic calibration of the system by first waving a 3-marker wand in a controlled manner through the capture space. [4.11.1 - MED]
*Film as written
B: CU of camera calibration
C: waving wand
4.11.1. 
4.12. Then, perform a static calibration to set the global x-y-z coordinate system by placing a 4-marker L-frame at that specified reference point and select ‘Set Volume’ within the computer software. [4.12.1 - SCREEN]
4.12.1. B: Screen capture video showing above steps in the order they are listed.
A: Film as written
4.13. Chris Dalton: Calibration of the motion capture system is critical to ensure accuracy of collected data and is done before all else. To ensure accurate results, the “Image Error” is assessed and if necessary, calibrations are repeated until optimal values are obtained.[4.13.1 - INT]
4.13.1. Interview style: Author saying the above 
4.14. With the software calibrated, fit the participant with the 39 reflective markers, attaching them using double-sided tape and placing them on the specific anatomical landmarks shown here and described in the accompanying text protocol. [4.14.1 - MED]
4.14.1. Talent places the last few reflective markers onto the participant. 
4.15. Finally, instruct the participant to perform 6 trials of a 5 meter walk through the systems capture volume, three with poles and three without.[4.15.1 - MED - TXT]  Randomly assign these trials to control for order effect.[4.15.2 - MED]
4.15.1. Talent instructs the participant as described above and hands them a set of poles. (TEXT: 6 x 5 M Walk)
4.15.2. The participant begins the walk.
5.  Results: Peak Power over a Single Gait Cycle 
5.1. [bookmark: _GoBack]This graph represents a typical hip power profile over one single gait cycle [5.1.1 - LM] and compares a participant’s gait with poles… [5.1.2 - LM] to their gait without poles… [5.1.3 - LM] The arrows at H1… H2… and H3…indicate the changes in power generation and absorption in comparing these phases with and without poles.[5.1.4 - LM]
5.1.1. Figure 1 (Video Editor: Remove the H1, H2, H3 labels and arrows and show just the red and blue lines on the graph.  Add “Peak Hip Power” as a title over the top of the graph in larger font.)
5.1.2. Figure 1 (Video Editor: Start with the image from 5.1.1, but show only the red line)
5.1.3. Figure 1 (Video Editor: Start with the image from 5.1.1, but show only the blue line)
5.1.4. Figure 1 (Video Editor: Start with the image from 5.1.1, showing both line colors, and add in the H1, H2, and H3 labels along with their corresponding arrows when mentioned.)
5.2. When using poles, significantly smaller hip power generation is seen at heel contact as well as at pre-swing compared to walking without poles.   [5.2.1 - LM]
5.2.1. Figure 1 (Video Editor: Show image as set up for the end of 5.1.4.  Highlight “H1” with the words “heel contact” and “H3” with the words “pre-swing”.)
5.3. Shown here is a typical knee power profile over one single gait cycle comparing “with poles” to “without poles”. [5.3.1 - LM]
5.3.1. Figure 2 (Video Editor: Add the label “Peak Knee Power” as a title over the graph.  Show only the red line with the words “with poles” and only the blue line with the words “without poles”.
5.4. When using poles, significantly smaller knee power absorption is seen at heel contact, at pre-swing, and at terminal swing compared to walking without poles.[5.4.1 - LM]
5.4.1. Figure 2 (Video Editor: Start with the image from 5.3.1. With the words “heel contact” highlight “K1”, with the words “pre-swing” highlight “K3”, and with the words “terminal swing” highlight “K4”.)
 

6. Conclusion (said by authors on camera) 

6.1. Chris Dalton: Once mastered, this technique can be done in 45-60 minutes per participant if it is performed properly.
6.2. Julie Nantel: While attempting this procedure, it’s important to assure that participants walk naturally both with and without the poles. Therefore, they should not be made aware of the position of the force platforms.
6.3. Julie Nantel: Following this procedure, other methods like electromyography can be performed in order to answer additional questions regarding muscle activation PATTERN or the effect of using the poles on the muscle activation of the upper body.
6.4. Chris Dalton: After watching this video, you should have a good understanding of how to assess Nordic walking gait and posture using at least one of two different motion capture methods.
6.5. Julie Nantel: This protocol allows researchers in the field of biomechanics to explore the effect of Nordic walking on gait and posture in older adults, but also in other populations with gait and posture deficits such as individuals with Parkinson’s disease.
6.6. Chris Dalton: Don't forget that introducing a new implement such as the poles could increase the level of attention needed to perform the motor task and therefore participants should be made aware to start training in a safe environment.    
   

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 
6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

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 are included in the email accompanying the finalized script.
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