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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No. 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Yes. 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.
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.) 
1.1 – 1.5. The construction of the pegway will not be demonstrated. Instead, an animated production or a filmed accentuation of the features will be presented. 1.4 and 1.5 will be presented for the purpose of adjustment, though only 15 cm stride length conditions need to be demonstrated
2.2. – 2.3. & 2.3.3. Task acquisition is demonstrated in these steps.
2.4. NOTE. It is important to comment on the locomotor standards of the walking gait.
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.) 
2.2. & 2.3. - Task acquisition
E.  Will the filming need to take place in multiple locations? (Y/N) Yes, the lab and the auditorium are about 100 meters apart. 

1. Introduction (Experimental Goal and Author Interviews)

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

This video reports a novel low-cost method for assessing gait asymmetries in rats using a precise locomotor limb positioning task.  The phase durations over a range of walking speeds of the quadrupedal gait are used to calculate an index to score the animal’s abilities.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Sergiy Yakovenko: Our rationale was to develop a behavioral task that quantitatively assesses the changes in precise control of asymmetric locomotor behaviors. 
1.2. Kiril Tuntevski: This task offers an opportunity to discern the contributions of the descending pathways to the locomotor phase regulation. For example, simultaneous recordings or stimulation in the motor cortex would report its contribution to the modulation of muscle phases in this task.
1.3. Sergiy Yakovenko: Demonstrating the procedure will be Sarah Freeman, a technician from the Neural Engineering Laboratory at WVU.  
1.1.1. Interview style: Author saying the above 
1.1.2. 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)
1.4. All procedures in this study were performed in accordance with the Institutional Animal Care and Use Committee (IACUC) and Office for Laboratory Animal Welfare (OLAW) at West Virginia University School of Medicine and abides by the National Institutes of Health guidelines for the use of experimental animals.

Protocol (read by voice talent at JoVE):
2. Asymmetric Walkway Box Assembly
2.1. Build the apparatus as an open-topped plastic box with aluminum supports at each corner. [WID] [LM]
2.1.1. Talent approaches apparatus on table and looks it over, pan over apparatus
2.1.2. Figure 1
2.2. Include a frame formed of grooved aluminum railing to provide flexible opportunities for peg placement. [MED>CU]
2.2.1. Pan over device and zoom/focus onto the rails with peg holes
2.3. The placement of the pegs defines the imposed stride length on the animal. [CU]
2.3.1. Placing pegs into the aluminum rails 
2.4. In each of the four corners, put a 20-centimeter square platform.  [MED]
2.4.1. Talent positions platforms in corners
2.5. The space between the platforms should accommodate the distance traversed by at least one full step cycle. [MED]
2.5.1. Talent uses ruler to show distance between platform pegs, and compares with step cycle prop, measuring distance between furthest steps on prop figure 
Authors, can you prepare a step cycle figure that is to 1:1 scale with four foot prints for the starting point and four footprints for the end point?
2.6. To create a gait condition, attach aluminum pegs to the rails.  These function as footholds for the rat's stride.  [MED]
2.6.1. Placing shifting pegs along one pair of rails
2.7. The pegs should be pre-bent to 2.5 centimeters from the tip and should be one centimeter in diameter. [CU/TEXT]
2.7.1. Talent holding peg and turning it around in hand to show camera its dimensions, TEXT: 20 x 1 x 0.5 cm
2.8. Secure the pegs with sliding brackets which can be adjusted [MED] with a screwdriver and, thus, precisely position the footholds.  [CU]
2.8.1. Securing a bracket that secures pegs, using screwdriver already covered in 2.3.1
2.8.2. Detailed view of securing next bracket, show screwdriver screwing in adjuster
2.9. After positioning the footholds, make sure the distances are correct and that they are on the same horizontal level. [MED]
2.9.1. Using ruler and marked positions adjust final peg position.  Already covered in 2.6.1
2.10. Standardize the peg positions for three stepping tasks.  First, make a symmetric motor task with 15 centimeter stride lengths [2.10.1-MED/TEXT] by setting the left and right inter-stride lengths to 7.5 cm.  [2.10.2-CU]
2.10.1. Measuring the 15-cm stride length of SL15 with a ruler, TEXT: SL15
2.10.2. Measuring the left and the right inter-stride distances of SL15, TEXT: SL15
2.11. Second, create a symmetric condition with an inter-stride challenge by changing those lengths to 6 cm [2.11.1-CU] and, thus, changing the stride to 12 cm. [2.11.2-MED]
2.11.1. Setting pegs and measuring the left and the right inter-stride distances of SL12,  TEXT: SL12
2.11.2. measuring the 12-cm stride length of SL15 with a ruler, TEXT: SL12
2.12. Thirdly, create an asymmetric task with a stride length of 15 cm.  [2.12.1-MED] Adjust the position between the pegs to make the inter-stride lengths uneven by 20%.  [2.12.2-CU] The task has two configurations, with either the left or right inter-stride being shorter.  [2.12.3-MED]
Already covered in previous shots
2.12.1. Setting pegs and measuring the asymmetric stride length at 15 cm,  TEXT: L6R9 or L9R6
2.12.2. Setting inter-stride pegs and measuring the inter-stride length of L6R9 with a ruler, TEXT: L6R9 
2.12.3. measuring the inter-stride length of L9R6  (mirror image peg setting of L6R9) with a ruler, TEXT: L9R6
2.13. Thus, each walkway side can represent a separate gait condition.   [MED]
2.13.1. Top view of apparatus with each walkway set to one of four peg variations
2.14. Now, to the side of the apparatus, position an HD camera that can record 60 frames per second.  [MED]
2.14.1. Film as written
2.15. Adjust the field of view to cover about seven steps and not include the steps closest to the platforms. [2.15.1-CU] [2.15.2-LM]
2.15.1. Talent adjusting view, show camera’s screen
2.15.2. Authors, please provide a section of footage from camera’s view with 4 different peg arrangements and no animals in view.
3. Training the Rats
3.1. First prepare the training environment.  Set the inter-stride lengths to just 1 cm [3.1.1-MED] and place a reward on each platform. [3.1.2-CU]
3.1.1. Talent adjusting pegs for 1-cm inter-stride distances
3.1.2. Placing rewards on platforms
3.2. Now, let the rat freely explore the new environment for about five minutes. [MED]
3.2.1. Placing rat into apparatus, film the rat’s actions for awhile
3.3. Next, guide the animal across the peg arrangement by presenting it with a reward.  [CU]
3.3.1. Rat follows reward across pegs to platform
3.4. When the rat reaches a platform, in addition to the food reward provide a verbal reward and pet it on the back. [MED]
3.4.1. Collect audio for this shot, talent rewards the rat verbally and pats it on the back use end of 3.3.1
3.5. After five training runs, increase the space between the pegs by one or two centimeters for the next five runs.  [MED]
3.5.1. Changing peg arrangement from 1-cm gaps to 2-cm or 3-cm gaps
3.6. The goal is to gradually extend the peg distance until the symmetric 15 centimeter stride is accomplished. [CU]
3.6.1. Placing rat in environment with 2-cm or 3-cm gaps and film rat exploring for a while use take 3
3.7. If the rat is having trouble learning the task, it will be evident from inconsistent stepping with frequent stops and crouching posture.  [CU]
3.7.1. Rat showing signs of trouble on a peg gap it cannot handle use 3.6.1 take 1 or 2
3.8. Whenever an increased peg spacing induces anxiety or discomfort, just re-adjust the pegs to their previous positions and repeat that level of training.  [MED]
3.8.1. Removes the struggling rat from apparatus and adjusts peg positions closer together
3.9. It is possible to train and then test the same rat in a single day if the rat is motivated. [CU]
3.9.1. Rat returned to the apparatus and it is able to walk along closer peg gap comfortably
3.10. When the rat has learned the task, its walking will be consistent without stops or missteps, [3.10.1-CU] its head-bobbing will be minimal, its back will be arched and its tail will be raised. [3.10.2-CU]
3.10.1. Rat navigating SL12 or SL15 with every sign of having learned the task, show a view of it walking from one platform to next, head on
3.10.2. Rat navigating SL12 or SL15 with every sign of having learned the task, show a view of it walking from one platform to next, from the side
3.11. Rapid stepping with little speed variability, however, is usually a sign [3.11.1-CU] that the rat is using a gallop rather than a walk.  [3.11.2-CU] This behavior should be preventable by training the rat to move at slower speeds. [3.11.2-MED]
3.11.1. Rat navigating SL12 or SL15 that is showing a fast gate, like a gallop, show a front view
3.11.2. Rat navigating SL12 or SL15 that is showing a fast gate, like a gallop, show a side view
3.11.3. Training a rat to move at an appropriate speed using a guide
3.12. From the camera’s view it is essential that each limb be visible at the onset and offset of the stance phase.   When these criteria are all met, testing may commence.  [LM]
3.12.1. To be provided by authors – please provide your camera’s footage showing the orthogonal view of the rat’s limbs moving through the stance phase
4. Testing and Analysis
4.1. For the tests use the four standardized peg configurations [4.1.1-WID] with a randomized session design including breaks to avoid adaptation to the tasks.  Details are provided in the text protocol. [4.1.2-MED]
4.1.1. Establishing shot of talent adjusting peg position use previous shot
4.1.2. Closer shot, showing that talent is being guided by a chart that has randomized peg configurations for each section of the apparatus already shot/redundant
4.2. Save the videos and use video editing software [4.2.1-MED] to cull the walking bouts for analysis.  The 60 frame-per-second rate is essential to the task scoring. [4.2.2-CU]
4.2.1. Talent at computer loading a video into editing software
4.2.2. Selecting the beginning and ending points of the walking bouts and saving them for analysis
4.3. For each walking bout, score the onset and offset of the kinematic phases.   This can be done in a variety of software by frame-by-frame basis.  In this case, custom software written in MATLAB is employed. [LM]
4.3.1. To be provided by author.  SCREEN CAPTURE showing the software being opened up and a bout being loaded for analysis
4.4. Stance onset is scored when there is a loss of motion blur. [LM]
4.4.1. To be provided by author.  SCREEN CAPTURE showing the point in the video where stance onset occurs, time point is marked for calculation
4.5. Stance offset is scored when there is first evidence of motion blur. [LM]
4.5.1. To be provided by author.  SCREEN CAPTURE showing the point in the video where stance offset occurs, time point is marked for calculation
4.6. The swing phase is the time between two consecutive kinematic stance onsets. [LM]
4.6.1. To be provided by author.  SCREEN CAPTURE showing swing phase, frame-by-frame advancement
Authors, for 4.4.1 – 4.6.1, can you add arrow heads to point out the moment of onset and offset, as well as a running frame counter from which the swing phase time is calculated on screen?
4.7. Behaviors to exclude from the analysis include double swing phases … [LM]
4.7.1. To be provided by author.  SCREEN CAPTURE of a double swing phase being found in frame-by-frame analysis
4.8. … and other non-quadrupedal locomotion. [LM]
4.8.1. To be provided by author.  SCREEN CAPTURE of other non- quadrupedal motion being found in frame-by-frame analysis
4.9. Once the swing phases are all counted, plot them as a function of the corresponding step cycle using a MATLAB script. [MED/TEXT]
4.9.1. Talent loading data form frame-by-frame analysis into linear regression, EXT: The script phase_characteristics.m is publically available.
4.10. This script captures the relationship using a linear regression model for each limb.  The slope represents the change in phase duration with the speed of locomotion. [LM/TEXT]
4.10.1. To be provided by the authors.  SCREEN CAPTURE of using the MATLAB script,
TEXT: Tphase = B1 + B2 * Tc ;  Tc = cycle duration, B1 = offset constant,  B2  = slope constant 

5. Results: Limb Swing Phases in Different Locomotor Conditions
5.1. Data was collected from eight subjects and analyzed as described.   Seen here is the asymmetry analysis for one subject.
5.1.1. Fig 2 – Lab media Figure_2_Calculation_of_Asymmetry_and_Diagonality_Indices.pdf
5.2. The combined analysis of the eight subjects shows that, generally, the modulation of the forelimb stance phase was lessened for the side to which the locomotion condition was favored, and vice versa.
5.2.1. Fig 3 – Lab media Figure_3_Composite_Data.pdf
5.3. ANOVA with a conservative Bonferroni correction showed a significant difference between the two asymmetric conditions in the asymmetry indices, including the anterior horizontal symmetry index.  The right vertical asymmetry showed a trend toward difference between the two conditions.
5.3.1. Fig 4A – Lab media Figure_4_Analysis_of_Asymmetry.pdf
5.4. Similarly, a significant difference was found in the diagonality index between two asymmetric conditions.  No differences were found in this index between other tasks, based on ANOVA with a post-hoc t-test and no alpha correction.
5.4.1. Fig 4B - Lab media Figure_4_Analysis_of_Asymmetry.pdf
6. Conclusion (said by authors on camera)
6.1. Kiril Tuntevski: Both focal stroke and spinal cord hemilesion animal models cause mild to moderate movement deficits akin to those observed clinically. In animal models, cortical lesioning of the corticospinal tract impedes this precise stepping behavior. 
6.2. Ryan Ellison: This may result in a delay in the onset of consecutive locomotor phases, which is consistent with an asymmetry in both the step length ratio and the single limb support time observed in post-stroke patients.
6.3. [bookmark: _GoBack]Sergiy Yakovenko Ryan Ellison: The animals which acquired the task are now primed for locomotor assessment in models of cortical injury such as middle cerebral artery occlusion and traumatic brain injury.


Provided Media
2.1.2 - Figure_1_Walkway_Model.pdf  – Model of the walkway instrument.
5.1.1 - Figure_2_Calculation_of_Asymmetry_and_Diagonality_Indices.pdf – Calculation of phase characteristics and indices.
5.2.1 - Figure_3_Composite_Data.pdf  – Composite data from 8 subjects.
5.3.1 - Figure_4_Analysis_of_Asymmetry.pdf – Statistical analysis.
5.4.1 - Figure_4_Analysis_of_Asymmetry.pdf – Statistical analysis.

Authors, please break 4A and 4B into their own image files and upload them.

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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