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Authors, please fill out any unanswered questions below.   
A. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N  

Can you record movies/images using your own microscope camera? NA  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope _____________________________________________ and step numbers to be recorded through microscope: _____________________________________________  
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
B. Does your protocol include software usage: Y 
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.)
2.1

2.3

2.4 
3.1

3.4.

3.5
 ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

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.) ___________________________
3.1 Preventing the subject from moving. Prior to the examination we instruct the subject not to move, in addition we use lashing straps to prevent small involuntary movements. 

3.1/3.4 Minimizing tissue deformation. We apply ample amount of ultrasound gel to minimize tissue deformation. 

E. Will the filming need to take place in multiple locations? N___________________________________________________
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)
Authors: Please complete the following statement to describe the overall goal of your protocol. This should consist of a single statement of no more than 40 words.   
The overall goal of this methodology is to  perform in-vivo 3D morphological assessment based on ultrasound analysis of human muscles. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that provide additional information about the significance of your protocol. You may revise the given prompts as necessary to improve the sentence flow.

Please complete the following two statements and indicate the name of the author who will give the statement. If only one author is giving interview statements, the same author may speak both statements. Please restrict the length of each statement to no more than 30 words.
1.1. Jaap Harlaar: In many applications, 3D ultrasound measurements of muscles provides a fast and costs effective alternative to MRI measurements .
1.2. Richard Jaspers: Muscle imaging using 3D ultrasound is a promising technique to answer key questions in health care and sports regarding diagnostics and talent identification and for follow-up evaluations after treatment or training
1.3. .
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
Authors: The following statements may be spoken by additional authors if desired. These statements must be completed by different authors than those who gave the required statements, and no more than one statement can be spoken by each additional author. Please restrict the length of each statement to no more than 30 words. You may revise the given prompts as necessary to better fit your protocol, but please remember that the total introduction length cannot exceed 150 words. 
1.4. 
1.5. Guido Weide: This 3D ultrasound method gives insight into muscle volume, fascicle length and cross-sectional area of the muscle fibers. 
1.6. 
1.7. Peter Huijing: In order to understand the basic relation between muscle morphology and mechanics we studied morphological determinants on cadavers and muscle mechanics in vivo. By using 3D ultrasound we can now determine human muscle morphology in vivo.
1.8. Jaap Harlaar: Visual demonstration of this method is critical as obtaining 3D ultrasound images requires many steps that need to be taken.









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 medical ethics committee of the VU medical center, Amsterdam, the Netherlands.


Protocol: (read by voice talent at JoVE)
Authors:  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. M. Gastrocnemius Medialis (GM) Subject Positioning and Bony Landmark and Region of Interest (ROI) Localization
2.1. For m. gastrocnemius medialis, or GM (Pronounce: G-M), experiment, have the subject lie prone on an examination table with both feet overhanging the edge of the table (TEXT: See text for m. vastus lateralis measurement details).
2.2. Place a support under the tibia to align the lower leg horizontally and use padded lashing straps to fix the thigh to the examination table to prevent knee extension during the experiment. 
2.3. Fit the foot of the leg to be scanned into a custom-made footplate and connect a custom-made torque wrench with an goniometer attached to the footplate (TEXT: See text for footplate/torque wrench construction details). 
2.4. Find the footplate angle corresponding to the appropriate externally applied torque (TEXT: e.g. 0 Nm) and use an extendable rod connected to the table to fix the footplate in the corresponding appropriate orientation.

2.5. Then identify the most prominent dorsal aspects of the medial and lateral femur epicondyles and the centers of the malleoli of the tibia and fibula by palpation and mark their locations with a surgical skin marker.
3. 3D Ultrasound Examination and Voxel Array (Va) Reconstruction
3.1. Instructing the subject not to move during the examination, apply ample ultrasound gel on the region of interest and open the frame grabber software (TEXT: e.g. WinDV) on the measurement computer.

3.2. Click “record” to start the ultrasound image acquisition and subsequently press “start” on the synchronization device to initiate and activate the MoCap data acquisition.

3.3. The synchronization device located close to the ultrasound probe will be activated, creating a distinct artifact in the ultrasound image upon MoCap initiation [1-LM].

3.3.1. Authors: please upload Figure 1A through the submission link as its own .ai, .tif or .psd file without the A label or the arrow
3.4. Exerting minimal probe pressure while maintaining the image quality, place the ultrasound probe proximal to the femur condyles on the medial aspect of the thigh and sweep the probe at a constant speed in the proximodistal direction along the medial border of the GM (TEXT: Maintain visibility w/in anatomical cross-sectional images of medial border of GM/Achilles tendon to calcaneus).

3.5. Using the gel from the previous sweep to guide the next sweep, add additional, 0.5 cm overlapping sweeps until the entire region of interest has been scanned and the medial border of the muscle is imaged completely (TEXT: Repeat sweep if subject moves during examination).
3.6. When all of the sweep images have been acquired, use a custom-script to reconstruct a single 3D ultrasound voxel array from an individual sweep over a specific region of interest by bin-filling [1-LM] and in-painting of the array [2-LM].

3.6.1. Supplemental File 1.png
3.6.2. Supplement File 2.png

3.7. Then use the same voxel array coordinate system to reconstruct all of the individual sweeps covering one larger region of interest to merge multiple sweeps 
(TEXT: See text for full Va reconstruction details).
4. Muscle Morphology Variable Measurement

4.1. To measure muscle volume, load the 3D ultrasound image of interest in the Medical Interaction Toolkit. and retrieve the coordinates. 
4.2. Set the slicing to “Coupled crosshair rotation” and align the axes with muscle or bony structures to precisely retrieve the coordinates of the origin, insertion, and distal end of the muscle belly.

4.3. Open the “segmentation tool” and create a “new segmentation”, segmenting the muscle boundaries identified in a cross-section halfway along the muscle belly.
4.4. Press “A” on the keyboard to add a manual segmentation, clicking the left mouse button and moving the cursor along the muscle boundaries (TEXT: Press “S” to remove segmentation parts). 
4.5. To segment a new cross-section, press the “A” or “S” button according to the last selected mode to move the crosshair to other cross-sections along the muscle belly and trace the muscle boundary as just demonstrated (TEXT: Repeat segmentation x6). 
4.6. When all of the segments have been selected, set “Interpolation” to “enable” and review the proposed segmentations of the muscle boundaries in all of the cross-sections along the muscle belly length (TEXT: Add additional segmentations where proposed interpolated segmentation does not match muscle boundary as necessary). 
4.7. Press “Confirm for all slices” and select the plane in which the segmentations were made. 
4.8. Save the binary volume as a nearly raw raster data file and use a custom-script to calculate the labeled volume size.
4.9. Then locate the orientation of the mid-longitudinal fascicle plane of the muscle belly, containing the full length of fascicles [1-LM].

4.9.1. Authors: please upload Figure 3A through the submission link as its own .ai, .tif or .psd file without the A label or the green lines
4.10. From the mid-longitudinal plane, measure the fascicle length at a pre-defined standardized position between the origin and distal end of the muscle belly and segment the muscle boundaries (red area) [1-LM]. 
4.10.1. Authors: please upload Figure 3B through the submission link as its own .ai, .tif or .psd file without the B label, the red boundary/area, or the yellow or green lines
4.11. Place a line halfway through the region of interest (yellow line) and rotate the line until it matches the direction of the underlying fascicles [1-LM].
4.11.1. Figure 3B 
4.12. The intersection of the line with the muscle boundaries will represent the estimate of the fascicle length (green line) [1-LM].

4.12.1. Figure 3B

OPTIONAL: Author Protocol Interviews: In this section, please submit a brief statement stressing the required technique for the single most critical step of the procedure.  This will be an interview style shot, interjected into the appropriate point of the protocol section of the video. If there is no single critical step, then there is no need to fill this out.  If there are two critical steps, please fill out two statements, but this is the maximum. Each statement, should be 40 words or less.  Please specify who will speak these parts and which step(s) in the protocol the statement pertains to.  Use the step numbers given above.
Guido Weide, Step 3.1: In order to prevent movement artefacts in the 3D ultrasound images, it is very important to instruct the patient not to move during the measurement procedure.
Guido Weide, Step 3.2: In order to prevent tissue deformation, ample ultrasound gel to prevent tissue deformation as a result of excessively exerted probe pressure in an effort to obtain a reverberation artefact free US image. 
5. Results
: Representative Cadaver Validation Data
5.1. This image of a male human cadaver demonstrates an atrophied state of the quadriceps muscle halfway along the thigh at death, making identification of the boundaries of individual heads of the quadriceps muscle difficult [1-LM-TXT] compared to those identified in the quadriceps muscle of a sedentary, 30-year old male [2-LM] and a 30-year old male athlete [3-LM].
5.1.1. Authors: please upload the image from Figure 4A as its own .ai, .tif or .psd file through the submission link without the A label: (TEXT: Death age: 81 years)

5.1.2. Authors: please upload the images from Figure 4A-C together in one .ai, .tif or .psd file through the submission link without the A, B or C labels

5.2. In this table, the generated morphology using the just demonstrated 3D ultrasound muscle measurement method were compared to those obtained by physical dissection of the same muscle tissue [1-LM].

5.2.1. table 1.xlsx

5.3. The validity of the fascicle length, as well as muscle volume, was confirmed with significant and high correlations by the 3D ultrasound method, with a high intra-rater reliability for the 3D ultrasound method-derived measurements for the fascicle length and volume, confirming that the 3D ultrasound approach is a valid and reliable tool for the volume and fascicle length assessment of human m. vastus lateralis and m. gastrocnemius medialis [1-LM].
5.3.1. table 1.xlsx
RESULTS INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors will ensure 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.  The results section is limited to 200 words total. If your results section contains more than 3-4 figures, please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.
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 

         0123_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.


         0123_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 

        0123_ Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     0123_ 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?status=a3603k
6. Conclusion (said by authors on camera):
Authors: Below are statements we would like you to complete that summarize and conclude the video. Please choose the statement(s) you wish to conclude the video and indicate the name of the author who will give the statement. Please restrict the length of each statement to no more than 40 words. You may revise the given prompts as necessary to better fit your protocol.

7. 
7.1. 
7.2. Richard Jaspers: Following this procedure, performance measurements and moment-angle characteristics can be assessed to address optimal joint angle and fascicle length. 
7.3. Guido Weide: This technique could potentially also be used to measure morphology of other tissues, such as bones, tendons and blood vessels. 
7.4. Jaap Harlaar: This technique is ready to be implemented as a routine evaluation of muscle function in patients with neuromuscular diseases or patients suffering from sarcopenia 
7.5. Richard Jaspers: After its development, this technique paved the way for researchers in the field of neuromuscular disease to assess how muscle morphology may limit mobility as well as in sport physiology to assess morphological determinants of sprint and endurance performance of athletes. 




*Note to the Authors: Interview statements will be edited to conform to the length restrictions. I am happy to help if you have any questions.
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:

0123_ Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

0123_ 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.  
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Insert the filenames of all the media to be included into the video 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 in the email accompanying the finalized script.

�TO DO: MITK, Matlab custom software


�


�Invullen!?


�Authors: Do you have a representative merged multiple sweep image you can submit to demonstrate this step?


�Authors: The Results section is restricted to ~200 words of narrative. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual.
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