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Authors, please fill out the brief questionnaire below.   
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ____N______

B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? _________

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?  Synchronization between multiple instruments during 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Procedural Narrative:
The overall goal of this procedure is to estimate contraction velocities, strain and strain rate of the rectus femoris muscle with sub-millisecond temporal resolution during a drop landing task using vector tissue Doppler imaging (Intro).
This is accomplished by first preparing the subject by placing reflective markers on the subject’s lower limbs and the transducer on the subject’s thigh (P1, Editor, use the image of the subject’s legs with the transducer and the anatomical markers attached, remove the ‘Force Plates’ text if possible).
Next, the subject is asked to stand with arms across the chest on the middle of the motion capture volume, and a static trial is captured (P2, Editor, transition to the image of the woman with her arms crossed).
Then, while standing on a platform, the subject performs the drop-landing task by dropping from the platform and landing with both legs simultaneously (P4, Editor, use the picture on the bottom right of the woman standing on the platform, then transition to the picture to the left of her landing on both feet).

Ultimately results can be obtained that show the rectus femoris muscle kinematics during a drop landing task through vector tissue Doppler imaging, as well quantifying joint kinematics and kinetics using the motion capture system (P5, Editor, transition back the the bottom half of the picture in P1, with the ‘force plates’ text and focusing on her feet (without the text for the markers and transducer), then for the VO ‘through vector tissue Doppler imaging…’ bring in the Ultrasound B Mode image).
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.   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (ex PI introducing students).   
1.1) Author name __Avinash Eranki_______: The main advantage of this technique over existing methods, like _ 3D motion capture and electromyography _________, is that __ultrasound provides direct estimates of kinematics of individual muscles. In addition, our method using vector tissue Doppler imaging overcomes a number of limitations of existing ultrasound-based imaging methods, because it can robustly quantify the magnitude and direction of muscle contraction velocities with high temporal resolution_________.   

1.2) Author name  _Siddhartha Sikdar_______ : This method can help answer key questions in the _biomechanics and rehabilitation science__ field, such as __ musculoskeletal contraction velocity, strain and strain rate with high temporal resolution (sub millisecond) during dynamic activities _______________.  

1.3) Author name __Nelson Cortes_______: The implications of this technique extend toward the understanding of the pathophysiological process of degenerative diseases, such as early onset of osteoarthritis post anterior cruciate ligament reconstruction, because we can concurrently quantify joint loads along musculoskeletal function  during dynamic activities to further understanding the underlying processes that may be leading to this early development..  

Protocol (read by voice talent at JoVE):

Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Subject Preparation
2.1. For this procedure, ask the subject to wear a sports bra or short t-shirt, shorts, and running shoes.

2.1.1. WIDE Talent walks into room or testing area wearing sports bra, shorts, and running shoes, Videographer, move from top to bottom with the VO to show the clothing 

2.2. To begin, instruct the subjects to perform a 10-minute self-directed warm-up and stretching prior to the data collection. This is to avoid any abnormal muscular contractions and reduce the scope of any muscle cramps.
2.2.1. WIDE/MED Talent instructs talent to perform warm up

2.2.2. WIDE/MED Talent carries out a series of stretches
2.3. After the warm-up session, use adhesive tape to place reflective calibration markers on the greater trochanters, the bilateral medial, and lateral knee, and the lateral malleoli.  Then place tracking markers on the posterior and anterior superior iliac crests, place clusters on the thighs and shanks, and finally, adhere five markers to each foot. 
2.3.1. MED/CU Talent uses tape to place reflectors on body parts listed, Videographer, get footage of each area
2.3.2. MED/CU Talent places tracking markers on the posterior and anterior superior iliac crests, then thighs/shanks 
2.3.3. MED/CU Talent places five markers on the second foot
2.4. Next, place the ultrasound transducer securely in a transducer holder and to ensure good contact between it and the skin, apply a generous amount of ultrasound transmission gel.
2.4.1. MED/CU Talent places ultrasound transducer into holder then applies transmission gel
2.5. Then place the ultrasound transducer with holder on the subject’s thigh, halfway between the anterior iliac spine and the lateral epicondyle.  
2.5.1. MED Talent places transducer on subject’s thigh halfway between anterior iliac spine and the lateral epicondyle
2.6. Before securing the ultrasound transducer and holder to the leg, obtain an axial, or cross-sectional, view of the quadriceps muscle group. Using this as a guide, rotate the transducer to a longitudinal view and make sure the ultrasound transducer is now imaging the rectus femoris and does not move lateral or medial, to avoid imaging the vasti muscle groups.
2.6.1. MED Talent takes axial slice of quadriceps muscle 
2.6.2. LAB MEDIA Rectus_Femoris_Axial_Slice.tif 
2.6.3. LAB MEDIA Rectus_Femoris_Longitudinal_Slice.tif (show this at “group. Using this as a guide …”)
2.7. Without blocking any of the reflective markers, use a self-adhesive bandage to comfortably secure the holder to the subject’s thigh.
2.7.1. MED/CU Talent uses self-adhesive bandage to secure holder to subject’s thigh

2.8. Then, to obtain a static 3D motion capture trial, direct the subject to stand on the force plates in the center of the focus area of the 3D cameras with their arms across their shoulders.
2.8.1. WIDE/MED Talent instructs the subject to stand on the force plates in center of focus area 
2.8.2. MED Talent places feet in focus areas
2.8.3. MED Talent crosses arms on shoulders 
2.9. To complete the setup, place the high speed camera at least 2 meters away from the subject in the sagittal plane and focus the camera lens to ensure that the entire drop landing sequence of the subject can been captured. 
2.9.1. WIDE Talent places camera 2 meters away from subject in sagittal plane

2.9.2. MED/CU Talent focuses the camera lens, Videographer, show the scene in the view finder on the camera if possible
3. Experimental Protocol
3.1. Ask the subject to stand on a platform 30 cm high and 50 cm from the force plates and clear of any objects. 
3.1.1. WIDE/MED Talent instructs talent to stand on platform

3.1.2. WIDE/MED Talent steps up on to platform and stands ready

3.2. Instruct the subject to place their hands on their hips prior to starting the drop landing task and during the entire drop landing sequence.
3.2.1. WIDE/MED Talent instructs talent to place hands on hips for sequence and talent places hands on hips
3.3. Prior to the start of the drop landing task, start the data collection for ultrasound, 3D motion capture, the force plates and the high speed camera.
3.3.1. MED/CU Talent starts ultrasound
3.3.2. MED/CU Talent starts 3D motion capture 
3.3.3. MED/CU Talent starts the data collection for the force plates  
3.3.4. MED/CU Talent starts high speed camera 
3.4. Next, direct the subject to perform the drop-landing task by dropping rather than jumping from the platform and landing with both legs, simultaneously. 
3.4.1. WIDE Talent instructs subject to perform drop landing and talent drops and lands with both legs simultaneously
3.5. Once the subject has fully stabilized and completed the drop landing sequence, stop the data collection

3.5.1. WIDE/MED Talent becomes stabilized

3.5.2. MED/CU Talent stops the data collection from the ultra sound or the 3D motion capture
4. Ultrasound Data Analysis
4.1. To analyze the raw radiofrequency ultrasound data, use MATLAB import the ultrasound data file and perform quadrature demodulation on the data to remove the carrier frequency.

4.1.1. MED OVER SHOULDER uses MATLAB to import data and perform demodulation.
4.2. Generate M-mode images from both the receive beams to visualize the motion of the muscle.

4.2.1. MED OVER SHOULDER Talent generates M-mode images from both receive beams
4.3. Use the conventional autocorrelation velocity estimator to estimate the velocities along both receive beams.

4.3.1. MED OVER SHOULDER Talent uses conventional autocorrelation velocity estimator to estimate velocities along both receive beams

4.4. Combine the individual velocity waveforms to obtain lateral and axial velocity waveforms throughout the drop landing sequence.
4.4.1. LAB MEDIA Figure 1
4.5. Using the following equation, obtain the magnitude of the resultant velocity vector from the individual velocity components, where β is the beam steering angle, f1 and f2 are the two received frequency components and ft is the transmit frequency.
4.5.1. TEXT on white background showing the following formula
[image: image2.png]



4.6. Calculate the lateral and axial strain rate d/dt using the spatial gradients in the lateral and axial velocities where V2 and V1 are instantaneous velocities estimated at two spatial locations separated by a distance L.
4.6.1. TEXT on white background with the following formula
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4.7. Then calculate the axial and lateral strain, , by integrating the axial and lateral strain rate respectively. 
4.7.1. TEXT on white background with following formula
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5. 3D Motion Capture and High Speed Camera Data Analysis
5.1. After exporting the 3D motion capture data, use 3D motion capture software with a least-squares optimization to create a kinematic model of the pelvis, thigh, shank, and foot.  Using the model, quantify the motion at the hip, knee, and ankle joints.

5.1.1. SCREEN Talent creates a kinematic tool of pelvis, thigh, shank and foot (or simply screen of the model)

5.1.2. LAB MEDIA Static_Capture.tif

5.2. To filter the reflective marker trajectories and ground reaction forces, use a 4th order low-pass Butterworth filter with a cutoff frequency of 7 Hz and 25 Hz, respectively.

5.2.1. LAB MEDIA Filtering.mp4

5.3. Using a standard inverse dynamics analysis and segment inertial characteristics estimated for the subject, as per the methods of Dempster (TEXT:  Dempster WT, WADC Technical Report 55159, 1955; (WADC-55-159, AD-087-892): 55-159.), calculate 3-D joint forces and moments from the kinematic and ground force data 

5.3.1. LAB MEDIA Drop_Landing_Video_JoVE.mp4

5.3.2. LAB MEDIA Jump_MaxKneeFlex_Phase.tif (Editor, show this image first, then bring in 5.3.3 to the right of it

5.3.3. LAB MEDIA Knee_Frontal_Plane_Moment.tif

5.4. To analyze the high-speed camera data, after exporting the video, play it at 15 frames per second and observe the drop landing dynamics.  Then using the data, quantify the movement of the transducer holder and the displacement of the ultrasound transducer during the entire drop landing trial by tracking the visible markers on the anatomical landmarks.
5.4.1. LAB MEDIA Sub4_Video4.avi 

5.4.2. MED OVER SHOULDER Talent quantifies the movement of the transducer holder and the displacement of the ultrasound transducer by tracking the visible markers on the anatomical landmarks
6. Representative Ultrasound Results-(second to last section) 
6.1. As seen here, analysis of the temporal characteristics of the axial and lateral rectus femoris muscle velocities throughout the drop landing sequence illustrate that positive lateral velocities correspond to eccentric contraction of the rectus femoris muscle during knee flexion, while negative lateral velocities correspond to concentric contraction of the muscle during knee extension. The entire drop-landing sequence for all subjects lasted approximately 1.45±0.27 seconds. 
6.1.1. LAB MEDIA Figure 2

6.2. For each subject, as demonstrated in this plot, the axial and lateral muscle velocities showed a strong repeatability between trials with a slope of 0.99 and R2 = 0.75 (Fig.3). Velocity values for six out of eight subjects were in a similar range of 48-62 cm/s, while two male subjects had higher velocities. Males presented significantly higher muscle velocity than females, when adjusting for each subject’s individual weight and muscle thickness.
6.2.1. LAB MEDIA Figure 3
6.3. The position of the ultrasound transducer was tracked though the drop-landing sequence using the high-speed camera. The angle between the line segment made between the trochanter and the cuff (green dashed line segment) and the line segment between the mid-thigh and the cuff (purple dashed line segment) was calculated. This figure represents a total of 16 trials, with 2 trials per subject. Minimal angular variation (0.91±0.54 degrees) of the transducer holder relative to the anatomical markers during landing was observed over all 16 trials. The ultrasound transducer angular variation produced a high repeatability as well. This shows that the transducer movement during the landing trial was minimal and the velocity measurements were not affected by any transducer movement. 
6.3.1. LAB MEDIA Figure 4

6.4. Focusing on knee and hip flexion angles, knee valgus angle, and knee valgus moment, the following kinematic patterns were found through initial contact with the ground: hip flexion 41±13 degrees, knee flexion 23±9 degrees, and knee valgus 0.03±6 degrees (panel C). As they progress during the landing phase, the maximum angles attained were: hip flexion 58±19 degrees, knee flexion 54±24 degrees, and knee valgus −4±8 degrees (panel D). 
6.4.1. LAB MEDIA Figure 5, Editor, add the values above into the panels with the VO
6.5. In addition, knee valgus moment decreased from 0.03±0.03 to 0.1±0.1 Nm/kgm from initial ground contact to its maximum during the landing phase.
6.5.1. LAB MEDIA Figure 6
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/index/Details.stp?ID=1597
7. Conclusion (said by authors on camera

Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
7.1 Author name __Nelson Cortes______: Once mastered, this technique can be done in __one hour if it is performed properly.
7.2 Author name __Siddhartha Sikdar______: While attempting this procedure, it’s important to remember to _maintain adequate contact between the ultrasound transducer and skin_and ascertain that none of the 3D motion capture markers get dislodged. Otherwise, the procedure would need to be repeated if there is excessive motion of the ultrasound probe.
7.5 Author name __Avinash Eranki_______: After watching this video, you should have a good understanding of how to _estimate contraction velocities, strain and strain rate of the rectus femoris muscle with high temporal resolution during a drop landing task using vector tissue Doppler imaging.
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 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.

( 2010, Journal of Visualized Experiments
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