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Author Questionnaire 

1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or similar?  N  

2. Software: Does the part of your protocol being filmed demonstrate 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. Please upload all screen captured video files to your project page as soon as reasonably possible.

Videographer: Please film the screen for all shots labeled SCREEN as a backup 

3. Interview statements: Considering the Covid-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until the videographer steps away (≥6 ft/2 m) and begins filming. The interviewee then removes the mask for line delivery only. When the shot is acquired, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations (greater than walking distance)?   No

Protocol Length
Number of Shots: 44


Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Wendy Murray: Being able to obtain quality Extended Field-of-View ultrasound images can increase the number of muscles for which we have in vivo fascicle length data [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera	


1.2. Amy Adkins: The main advantage of Extended Field of View ultrasound is that it can enable direct measurement of longer, curved muscle fascicles, which cannot be captured with traditional ultrasound [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


OPTIONAL: 

1.3. Wendy Murray: This method may be applied to the over 90% of upper limb and 85% of lower limb muscles with optimal fascicle lengths longer than the field-of-view of common ultrasound probes [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


1.4. Amy Adkins: Successful implementation of this method requires a good understanding of musculoskeletal anatomy, practice obtaining images, and practice assessing the quality of images [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Ethics Title Card

1.5. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Northwestern University.


Protocol
2. Participant Preparation
2.1. Begin by taking time to become familiar with the systems method for obtaining EFOV-US and with the anatomy of the muscles of interest [1].
2.1.1. Talent looks at “book” -manual of ultrasound system
2.2. After explaining the study protocol, seat the Participant in an adjustable chair that can be locked in place [1] and adjust the chair so that the Participant is as comfortable as possible while still providing access to the muscle of interest [2].
2.2.1. WIDE: Talent gesturing/Participant sitting in chair
2.2.2. Talent adjusting chair 
2.3. Place the joint that the muscle of interest spans in a posture that can be controlled and repeated [1-TXT] and use clinical guidance to locate anatomical landmarks [2].
2.3.1. Talent adjusting joint position TEXT: See text for participant position and joint angle suggestion details
2.3.2. Talent locating landmark(s).
2.4. Using the ISB (I-S-B) standards for defining the joint coordinate system. Mark the anatomical landmarks with a skin safe marker [1]. Videographer: This step is important!
2.4.1. Talent marking anatomical landmarks
NOTE: Shot number 2.3.1., 2.3.2. and 2.4.1. were combined together and filmed as one shot.
2.5. Align the center of a handheld goniometer with the axis of rotation of the joint [1] and align the arms of the goniometer with the joint segments [2], then measure the joint angle [3].
2.5.1. Talent aligning center with joint
2.5.2. Talent aligning arms with segments
2.5.3. Talent showing joint angle measured
2.6. Then, use cloth straps to secure the limb to minimize movement during the imaging protocol [1].
2.6.1. Talent securing limb 
3. Image Acquisition
Videographer: Please film the screen for all shots labeled SCREEN as a backup
3.1. For image acquisition, plug in and turn on the ultrasound system [1] and ensure that the exam is set to musculoskeletal, the transducer is set to the transducer in use, and the transmit frequency is set between 5-17 megahertz [2].
3.1.1. WIDE: Talent plugging in and turning on US system
3.1.2. Talent setting exam conditions
3.2. In the system software, set the footswitch to start-stop the imaging [1]. If the footswitch in use has multiple pedals, set additional pedals to “Freeze” or “Pause” and to “Print” or “Store” the image [2].
3.2.1. Talent selecting start/stop imaging
3.2.2. SCREEN: 3.2.2.mp4. 00:07 – 00:19.  Videographer: Please film the screen for all shots labeled SCREEN as a backup
3.3. Next, apply a generous amount of ultrasound gel to the head of the transducer [1] and place the transducer onto the Participant’s skin in the approximate region of interest [2].
3.3.1. Talent applying gel to transducer
3.3.2. Talent placing transducer onto skin 
3.4. Move the transducer across the short axis plane of the muscle, keeping the indicator pointed laterally [1].
3.4.1. Transducer being moved across short axis plane Video Editor: please emphasize indicator 
3.5. Identify the muscle of interest in the short axis plane perpendicular to the muscle fiber direction [1] and move the transducer distally and proximally to acquire a full visualization of the muscle path [2], using the skin safe markers to mark important anatomical landmarks as they are identified [3].
3.5.1. SCREEN: 3.5.1_bicep.mp4. 00:08 – 00:14.
3.5.2. Talent moving probe, with monitor visible in frame as possible
3.5.3. Talent marking skin
3.6. Once the location of the muscle has been identified and marked, move the ultrasound transducer in the long axis plane with the indicator pointed distally [1].
3.6.1. Talent moving probe in long axis Video Editor: please emphasize indicator
3.7. When either the distal or proximal end of the muscle has been identified, rotate and tilt the transducer [1] to identify the fascicle plane at that point [2] and mark the skin when the correct transducer position has been established [3]. Videographer: This step is important!
3.7.1.  Talent rotating and tilting transducer
NOTE: Shot number 3.6.1. and 3.7.1. were combined and filmed together as one shot.
3.7.2. SCREEN: 3.7.2_biceps.mp4. 00:05 – 00:08.
3.7.3. Talent marking skin
3.8. Once the approximate fascicle plane has been established along the entire desired length to be scanned, practice following the muscle path [1] and set the ultrasound system to the extended field-of-view mode [2]. Videographer: This step is difficult and important!
3.8.1. Talent practicing following muscle path
3.8.2. Talent setting system to EFOV 
3.9. Starting at one end of the muscle, click the footswitch to start the image acquisition [1] and slowly and continuously move the ultrasound transducer along the long axis [2]. Videographer: This step is important!
3.9.1. Talent clicking footswitch
3.9.2. Talent moving transducer, with monitor visible in frame
3.10. When the end of the muscle has been reached, click the footswitch to end image acquisition [1].
3.10.1. Talent clicking footswitch
NOTE: The footage for shot number 3.10.1. should be added just before the final image pops up in shot 3.9.2.

4. Image Optimization
4.1. To optimize image visibility and clarity, if the image acquisition ends before the desired length of the muscle can be captured [1], increase the depth of the image [2].
4.1.1. WIDE: Talent checking image, with monitor visible in frame
4.1.2.  SCREEN: 4.1.2_TA.mp4. 00:05 - 00:08. 
4.2. To adjust the focus, place the focus arrow in the lower half of the Image just below the muscle of interest [1].
4.2.1. SCREEN: 4.2.1_TA.mp4.
4.3. Ensure that the gain is balanced through the depth of the image and use the indicator to determine the optimal speed for moving the transducer [1].
4.3.1. SCREEN: 4.3.1_TA.mp4. 00:02 – 00:05, 4.3.1_Speedindicator.mov. 00:03 – 00:08.
4.4. Once qualitatively good images have been collected export the images as uncompressed DICOM (dye-com) images [2].
4.4.1. Talent pressing footswitch.
NOTE: Shot number 4.4.1. was not filmed.
4.4.2. SCREEN: 4.4.2.mov. 00:06 – 00:15.

NOTE: Steps 6.5, 6.6. and 6.7. were filmed at the end but the author wants the footage and corresponding VO of these shots to be placed after step number 4.4.


5. Extended Field-of-View Ultrasound (EFOV-US) Quality Assessment
5.1. When all of the images have been acquired, open a long-axis image of interest in an appropriate image analysis software program [1] and confirm that the muscle can be identified as a dark hypoechoic shape with bright hyperechoic boundaries that represent the deep and superficial muscle fascia [2].
5.1.1. WIDE: Talent opening image, with monitor visible in frame
5.1.2. SCREEN: 5.1.2_ image of muscle.png. Video Editor: please emphasize dark hypoechoic shape and bright hyperechoic boundaries when mentioned
5.2. Identify the connective tissue surrounding a muscle fascicle as bright hyperechoic lines indicating the muscle boundaries [1] and check that the image does not have excessive, non-anatomical bending, [2]  gaps in the image or a jagged flexible ruler line over the image [3].
5.2.1. Use 5.1.2. Video Editor: please emphasize muscle fascicle when mentioned
5.2.2. SCREEN: 5.2.2_5.2.3.mov. 00:01 – 00:06. Video Editor: please emphasize excessive bending/shadows/gaps
5.2.3. SCREEN: 5.2.2_5.2.3.mov. 00:22 – 00:29.
NOTE: Shots 5.2.2. and 5.2.3. are present in the same .mov file.
5.3. If the image is missing one or more of these tissue structures, deem the image “qualitatively poor” [1].
5.3.1. SCREEN: 5.3.1.png.Video Editor: please add “Qualitatively poor” text over image or similar 
5.3.2. Talent selecting live 2D mode
NOTE: Shot 5.3.2. should be dropped.

6. Muscle Fascicle Length
NOTE: The steps in section 6 were filmed using  the Biceps Brachii muscle but the screen captures provided are performed on the TA muscle.
6.1. To quantify the muscle fascicle length, first open the image of interest in ImageJ [1] and use the Straight Line tool to draw a 10-millimeter straight line on the ruler on the side of the ultrasound image [2].
6.1.1. WIDE: Talent opening image in ImageJ, with monitor visible in frame
6.1.2. SCREEN: 6.1.2.mov. 00:02 – 00:11.
6.2. Select Analyze and Measure to measure the line. If the image properties have been preserved, the length of the straight line should be approximately 1 centimeter [1].
6.2.1. SCREEN: 6.2.1.mov. 00:00 – 00:08.
6.3. To measure the fascicle lengths in the image, right click on the Straight Line tool to select Segmented Line. Click one end of the fascicle to be measured and continuously click along the muscle path to ensure that the curvature in the fascicle has been captured [1].
6.3.1. SCREEN: 6.3.1_6.4.1.mov. 00:00 – 00:17.
6.4. Then double-click at the end of the fascicle and select Analyze and Measure to measure the length of the line [1-TXT].
6.4.1. SCREEN: 6.3.1_6.4.1.mov. 00:18 – 00:25 TEXT: Repeat for each fascicle
6.5. Adjust the chair so that the participant is comfortable and the tibialis anterior can be accessed with ultrasound [1]. 
6.5.1. Added shot: Talent adjusting participant chair.

6.6. Then locate and mark anatomical landmarks and make joint angle measures [1]. 

6.6.1. Added shot: Talent locating, marking, and making joint angle measures. 

6.7. After finding the location of the fascicle plane and practicing capturing images, capture an EFOV-US image of the tibialis anterior [1]. 

6.7.1. Added shot: Talent taking EFOV-US image

NOTE: Steps 6.5, 6.6. and 6.7. were filmed at the end but the author wants the footage and corresponding VO of these shots to be placed after step number 4.4.

Results
7. [bookmark: _Hlk27388131]Results: Representative EFOV Muscle Imaging

7.1. In these representative analyses, extended field-of-view ultrasound [1] was used to obtain images from the long head of the biceps brachii and the tibialis anterior in 4 healthy volunteers [2].

7.1.1. LAB MEDIA: Table 1
7.1.2. LAB MEDIA: Table 1 Video Editor: please emphasize Biceps Side and Tibialis Anterior Side columns

7.2. Extended field-of-view ultrasound imaging of these muscles [1] was used to observe important aspects of the tissues, such the central tendon [2] and fascicle path [3].

7.2.1. LAB MEDIA: Figure 1 Video Editor: please emphasize dark blue outlines
7.2.2. LAB MEDIA: Figure 1 Video Editor: please emphasize light blue outlines
7.2.3. LAB MEDIA: Figure 1 Video Editor: please emphasize white lines

7.3. After imaging, qualitatively “good” images were then analyzed for each muscle in each individual [1].

7.3.1. LAB MEDIA: Figure 2 Good images

7.4. ImageJ was implemented to measure four fascicles [1] with paths that could be convincingly visualized from their origin to insertion and that were located in different portions of the muscle in each image [2].

7.4.1. LAB MEDIA: Figure 2 orange outline images
7.4.2. LAB MEDIA: Figure 2 orange outline images Video Editor: please emphasize white dashed lines 

7.5. The average fascicle lengths [1] obtained in this study for the biceps brachii [2] and the tibialis anterior were within the range of previously reported fascicle lengths [3].

7.5.1. LAB MEDIA: Table 1
7.5.2. LAB MEDIA: Table 1 Video Editor: please emphasize Bicep Fascicle Length data column
7.5.3. LAB MEDIA: Table 1 Video Editor: please emphasize Tibialis Anterior Fascicle Length column 

7.6. As it can be difficult to determine which images are appropriate for fascicle evaluation, here representative qualitatively “bad” images are shown [1], with the portions of the images that are specifically bad highlighted [2].

7.6.1. LAB MEDIA: Figure 2 Bad images
7.6.2. LAB MEDIA: Figure 2 Bad images Video Editor: please emphasize blue outlines

7.7. In these images, variations in the muscle quality and landmarks for different individuals can be observed [1].

7.7.1. LAB MEDIA: Figure 3 





Conclusion
8. Conclusion Interview Statements
8.1. Amy Adkins: When attempting this protocol, take time to understand the validity of the algorithm used by the ultrasound system, to review the anatomy of the muscle of interest, and to obtain sufficient practice imaging [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B-roll: 2.1, 3.7 – 3.8
8.2. Amy Adkins: This protocol is intended to provide pointers and describe the necessary standards so EFOV-US may be applied to muscles beyond the two examples we provide [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
8.3. Wendy Murray: We expect that this method will be applied to study muscle in both healthy and impaired populations to better understand healthy muscle function and muscle adaptation following injury or disease [1].
8.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera  
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