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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 If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) N
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__________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ______________________________

1. Introduction (Schematic Overview and Interview)

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

Conceptual Narrative:
The overall goal of this procedure is to quantitatively evaluate the respiratory muscle activation patterns in individuals with spinal cord injury through comparison with normative values obtained from healthy subjects. (Intro)

This is achieved by recording of electromyographic, or EMG, activity of respiratory muscles in individuals with spinal cord injury during respiratory tasks to calculate the amount of such activity for each muscle. (P1)

As a second step, a resultant vector is constructed, which characterizes the distribution and amount of activity across these muscles. (P2)  

Next, data from healthy subjects during the same task is used to calculate a prototype response vector. (P3)

A similarity index can then be calculated that relates the degree to which the resultant vector resembles the prototype response vector, allowing a comparison between the respiratory muscle activation pattern in patients with spinal cord injury to the normal pattern that would be observed in a healthy subject. (P4)

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).   

Use 50178_SchematicFig.pptx
[image: ]

B. Interview: (Said by you on camera. Don’t forget to smile!)  
Video Editor: The author changed all the numbering in the interview section; the slating may be 1.1, 1.2, 1.3, 1.4, etc.
1. Dr. Ovechkin:  The main advantage of this technique is that this analysis method provides a quantitative and qualitative measure of the multi-muscle activation pattern despite the EMG amplitude variability.
1.1 MED:  Dr. Ovechkin speaks toward camera.
2. Dr. Ovechkin:  This method can help answer the question of how similar the distribution of activity across multiple respiratory muscles in subjects tested is to that observed in healthy individuals.
2.1 CU:  Dr. Ovechkin speaks toward camera.
3. Dr. Ovechkin:  The implications of this technique extend toward monitoring of the respiratory motor function in patients with spinal cord injury and other disorders associated with respiratory motor control deficits, and can provide insight into the effects of therapeutic interventions.
3.1MED:  Dr. Ovechkin speaks toward camera.
4. Dr. Ovechkin: Generally, individuals new to this method will struggle because of some specifics of data processing and analysis.
4.1 MED:  Dr. Ovechkin speaks toward camera.
5. Dr. Ovechkin:  Visual demonstration of this method is critical as the acquisition and data processing steps are important for successful evaluation.
5.1 MED:  Dr. Ovechkin speaks toward camera.
6. ** Dr. Ovechkin:  In addition to Sevda Aslan, demonstrating the procedure will be Edward Brown, a research manager; and Manpreet Chopra, a research technologist from my laboratory. 
6.1 MED:  Dr. Ovechkin speaks toward camera.
6.2 MED:  Edward looks up from workbench or desk and acknowledges the camera.
6.3 MED:  Manpreet looks up from workbench or desk and acknowledges the camera.
6.4. MED: Sevda looks up from workbench or desk and acknowledges the camera.



Protocol (read by voice talent at JoVE):

[bookmark: _GoBack]Video Editor: The authors have embedded several figures at the end of this file, so if you’re missing any, you could look there.

2. Settings
2.1. To begin, place surface electrode heads over the muscle bellies of left and right respiratory muscles.  
2.1.1. MED:  Talent prepares to place the surface electrode heads over the muscle bellies of the subject.
2.2. These include the lower trapezius (pronounced “tra·pe·zi·us”) paraspinally at midscapular level… the paraspinal muscles paraspinally on the iliac intercrestal line… the sternocleidomastoid (pronounced “ster·no·clei·do·mas·toid”)… the scalene… the upper trapezius (pronounced “tra·pe·zi·us”) on the midclavicular line (pronounced “mid-cla-vic-u-lar line”)… the clavicular portion of pectoralis on the midclavicular line… the intercostal at the 6th intercostal space on the anterior axillary line… the diaphragm on the parasternal line… the rectus abdominus at the umbilical level… and the obliquus abdominis on the midaxillary line.
2.2.1. CU:  Subject’s torso as talent places the electrodes in the written order (or else make a note of changes in the order) and also state the name of each muscle as the electrode is being placed.  Editors, please match up the narration of each muscle with the placing of that muscle as recorded by the talent. 
2.3. Place the ground electrodes over the acromion processes.  Connect a motion lab system backpack unit, with attached electrodes to a motion lab EMG desktop unit and Powerlab system as pictured in the text protocol.
2.3.1. MED-over the shoulder:  Talent places the ground electrodes over the acromion processes.
2.3.2. MED:  Talent connects the motion lab system backpack unit with attached electrodes to a motion lab EMG desktop unit and Powerlab system.
2.4. Assemble a T-piece monitoring circuit to record the airway pressure.  Then, connect to the low pressure transducer using an air tube.
2.4.1. CU:  T-piece monitoring circuit as talent assembles it.  
2.4.2. MED-over the shoulder:  Talent connects the air tube to the low pressure transducer.
2.5. Finally, connect the low pressure transducer to the CD15 and Powerlab system.
2.5.1. CU:  The CD15 and Powerlab System as talent connects the low pressure transducer.
3. RMCA protocol
3.1. The respiratory motor tasks consist of the Maximum Inspiratory Pressure Task, abbreviated MIPT (pronounced as letters “M-I-P-T”), and the Maximum Expiratory Pressure Task, or MEPT (pronounced as letters “M-E-P-T”). 
3.1.1. Assistant holds mouth piece so subject doesn’t have to use trunk and neck muscles 
* 
3.2. Perform MIPT by using an audible tone to cue subjects to produce maximum inspiratory effort from residual volume for 5 seconds using a T-piece monitoring circuit.  Allow at least one minute of rest before repeating the process three times.
3.2.1. MED/CU:  Multiple takes as subject produces maximum inspiratory effort from residual volume using a T-piece monitoring circuit.  Use MED here, shot will be reused once. 
Shot 3.2.1 – CU of T-piece as subjects produces maximum inspiratory effort.
MED:  Subject as he/she finishes the maximum inspiratory effort and begins rest.
3.3. To perform MEPT, use an audible 5 second long tone to cue subjects to produce maximum expiratory efforts from total lung capacity using the T-piece monitoring circuit.  Again, allow at least one minute of rest and then repeat the process three times.
3.3.1. CU/MED:  T-piece and subject’s face as he/she produces maximum expiratory effort from total lung capacity using a T-piece monitoring circuit.  Use CU here, shot will be reused once.
3.3.2. Shot 3.3.1 – MED as subject produces maximum expiratory effort.
3.3.3. CU:  T-piece/subject’s face as he/she finishes the maximum expiratory effort and begins rest.
3.4. Amplify the EMG input with a gain of 2000, filter at 30 to 1000 hertz, and sample at 2000 hertz.  Calibrate the airway pressure input at 120 cm of water and sample at 2000 hertz.  
3.4.1. MED-over the shoulder:  Talent sets parameters to amplify the EMG input with a gain of 2000, filter at 30-1000 Hz and sample at 2000 Hz.  
3.4.2. MED-over the shoulder:  From a different angle, film as talent calibrates airway pressure input at 120 cm of water and samples at 2000 Hz 
3.5. Convert the EMG and airway pressure inputs by the Powerlab acquisition system using 16-bit full scale ADC resolution.  Record airway pressure, surface electromyography, and marker signals simultaneously.
4. Data analysis
Editors, in all of the screen capture files, please use a zoom bubble to highlight the action being performed.
4.1. For MIPT and MEPT, determine the multi-muscle activity distribution analysis windows of 5 seconds each from the event marker and airway pressure recorded with the cuing tone that signaled the subject when to begin and end the task. 
4.1.1. SCREEN:  Screen capture movie as talent determines a multi-muscle activity distribution analysis window of 5 seconds from the event marker and airway pressure recorded with the cuing tone that signaled the subject when to begin and end the task.
4.2. Calculate the surface electromyography activity for each muscle using a root mean square, or RMS, algorithm.  Average three repeated trials for each task for each muscle. 
4.2.1. SCREEN:  Screen capture movie as talent calculates the surface electromyography activity for a single muscle using a root mean square, or RMS, algorithm.  Talent then averages three repeated trials for a task for a single muscle. 
4.3. Evaluate the multi-muscle activation patterns based on a vector analysis method known as the voluntary response index, or VRI, using custom-made Matlab software.   For each maneuver calculate the magnitude parameter, the amount of combined surface electromyography activity for all muscles within the specific time window, as a length of the response vector, or RV, for a specific task. Also compute the similarity index, or SI, value for each task as a cosine of the angle between the spinal cord injury subject’s RV and the prototype response vector, or PRV, obtained from healthy subjects during the same task.  
4.3.1. MED-over the shoulder:  Talent pulls Matlab software up on the computer.and performs all actions above
4.4. For each maneuver calculate the magnitude parameter, the amount of combined surface electromyography activity for all muscles within the specific time window, as a length of the response vector, or RV, for a specific task. 
4.4.1. SCREEN:  Screen capture footage as talent calculates the magnitude parameter as a length of the RV for a specific task
4.5. Also compute the similarity index, or SI, value for each task as a cosine of the angle between the spinal cord injury subject’s RV and the prototype response vector, or PRV, obtained from healthy subjects during the same task.  
4.5.1. SCREEN:  Screen capture footage as talent computes the SI value for a task as a cosine of the angle between the SCI subject RV and PRV.
.
5. Results:  RMCA data processing and analysis
5.1. Shown here is the electromyogram and airway pressure simultaneously recorded during MEPT from a non-injured… and a spinal cord injury, or SCI, individual.  
5.1.1. LAB MEDIA:  Figure 3.  Editors, please highlight the left side of the figure labeled non-injured as “MEPT from a non-injured” is narrated.  Then highlight the right side of the figure labeled SCI subject as “and a spinal cord injury, or SCI, individual” is narrated.  
5.2. Note decreased airway pressure and absence of surface electromyography activity in expiratory muscles in an SCI subject when compared to a non-injured individual.  
5.2.1. LAB MEDIA:  Figure 3.  Editors, please highlight the gray ellipses under SCI subject as “decreased airway pressure and absence of surface electromyography activity in expiratory muscles in an SCI subject” is narrated.  Then highlight the gray ellipses under non-injured as “when compared to a non-injured individual.”  
5.3. Also note that the start of the task, as marked on the bottom, is associated with increased surface electromyography activity and rising airway pressure.
5.3.1. LAB MEDIA:  Figure 3.  Editors, please highlight the area on both the right and left side between the vertical gray lines as the last sentence is narrated.
5.4. The main steps of constructing the response vector are noted here.  The beginning and ending of the task were defined as data points according to the marker.  The root mean square of surface electromyography within this event window represents mean surface electromyography activity for each muscle.  The response vector is assembled using RMS values for the specific muscle combination.  
5.4.1. LAB MEDIA:  Figure 4.  Editors, please zoom into the top portion of the figure (labeled step 1) as the 2nd sentence is narrated.  Then scroll down to step 2 for the 3rd sentence, staying zoomed in.  Finally scroll down to step 3 as the last sentence is narrated.
5.5. Illustrated here is the calculation of the prototype response vector and its magnitude for a group of non-injured individuals.  The prototype response matrix was constructed using individual response vectors.  
5.5.1. LAB MEDIA:  Figure 5.  Editors, please zoom into the top portion of the figure (labeled step 4) as this point is narrated.  
5.6. Each column in the prototype response matrix includes data for each individual in the group, and each row represents quantified surface electromyography activity of specific muscle from all individuals in the group.  The prototype response vector was calculated by taking the average of each row of the prototype response matrix.  
5.6.1. LAB MEDIA:  Figure 5.  Editors, please stay zoomed into step 4.  As “each column in the prototype response matrix includes data for each individual in the group” is narrated, please highlight the first column in the matrix at the far right.  Then as “each row represents quantified surface electromyography activity of specific muscle from all individuals in the group” is narrated, highlight the first row in the matrix at the far right.  Finally, staying zoomed in, scroll down to step 5 as the last sentence is narrated.  
5.7. The magnitude value represents the length of the response vector and was calculated according to the formula shown.
5.7.1. LAB MEDIA:  Figure 5.  Editors, please scroll down to step 6 as this sentence is narrated (staying zoomed in).
5.8. The steps shown here are for the similarity index calculation.  The response vector and its magnitude for a particular SCI individual were calculated.  The similarity index was obtained by calculating the inner product of the prototype response vector and response vector. 
5.8.1. LAB MEDIA:  Figure 6.  Editors, please zoom into step 7 and 8 as the 2nd sentence is narrated.  Highlight step 7 as “the RV” is narrated, and step 8 as “its Magnitude” is narrated.  Then scroll down to step 9 for the last sentence, staying zoomed in.

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj

6. Conclusion (said by authors on camera)
6.1. Dr. Ovechkin:  Once mastered, the recording can be done in about 1 hour, while data development will depend on the particular software application to be used.  While attempting this protocol, it’s important to follow standard procedures related to calibration and quality of acquired data.
6.1.1. MED:  Dr. Ovechkin speaks toward camera.
6.2. Dr. Ovechkin:  Following this procedure, other respiratory motor tasks, like cough and maximum air flow, can be performed in order to answer additional questions.
6.2.1. CU:  Dr. Ovechkin speaks toward camera.

       

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, 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.

SchematicFig – authors, please include a schematic figure to correlate with the narrative
overview text in section 1A. See attached instructions. (Authors are working on this)
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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SCREEN Capture Movies
50178_Ovechkin_3.5.1_SCREEN:  Screen capture movie as talent converts the EMG and airway pressure inputs by the Powerlab acquisition system using 16-bit full scale ADC resolution.  Talent records airway pressure, surface electromyography, and marker signals simultaneously.
50178_Ovechkin_4.1.1_SCREEN:  Screen capture movie as talent determines a multi-muscle activity distribution analysis window of 5 seconds from the event marker and airway pressure recorded with the cuing tone that signaled the subject when to begin and end the task.
50178_Ovechkin_4.2.1_SCREEN:  Screen capture movie as talent calculates the surface electromyography activity for a single muscle using a root mean square, or RMS, algorithm.  Talent then averages three repeated trials for a task for a single muscle. 
50178_Ovechkin_4.4.1_SCREEN:  Screen capture footage as talent calculates the magnitude parameter as a length of the RV for a specific task
50178_Ovechkin_4.5.1_SCREEN:  Screen capture footage as talent computes the SI value for a task as a cosine of the angle between the SCI subject RV and PRV.   


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.
 2011, Journal of Visualized Experiments

image1.tiff




image2.tiff
Non-injured subject SCI subject

PESSURE

RSC

RS

RUT

RP

RIC

RD

RRA

RO

13

L

[

LRA

o

un

P

MARKER I T ] MARKER | |





image3.tiff
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Prototype Response Vector (PRV) Calculation
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