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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 something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps: 18
Number of Shots: 52 

Interviews
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card

This research has been approved by the Institutional Review Board (IRB) at the University of Massachusetts Lowell 



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Low-Cost Apparatus Assembly for Measuring Muscle Force–Velocity Relationships
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, attach two short aluminum beams to the underside of one long aluminum beam using aluminum frame fasteners [1]. Position the short beams approximately 8 centimeters from each end of the long beam to form a stable, noncompliant base, referring to this assembly as the frame [2].
2.1.1. WIDE: Talent attaching two short aluminum beams to the underside of one long aluminum beam using aluminum frame fasteners. Videographer: Please obtain CU shot as well for this shot.
2.1.2. Talent positioning the short aluminum beams approximately 8 centimeters from each end of the long aluminum beam. Videographer: Please capture a shot of the completed frame also.
2.2. Position a large cellular polyvinyl chloride, or PVC (P-V-C) block with the 7-inch side oriented vertically and the 6.75-inch side oriented horizontally [1]. Measure 2.75 inches from the bottom-left corner along the left edge and mark the location [2]. Measure 2.75 inches from the top-left corner along the top edge and mark the location [3].
2.2.1. Talent positioning the large cellular polyvinyl chloride block in the required orientation.
2.2.2. Talent measuring and marking 2.75 inches from the bottom-left corner along the left edge.
2.2.3. Talent measuring and marking 2.75 inches from the top-left corner along the top edge.
2.3. Draw a straight line connecting the two marked locations [1]. Cut along the marked line and remove the resulting triangular section [2]. Drill a 7/16 (seven-sixteenths)-inch hole 1.25 inches from the top-right corner [3], repeating the whole procedure to prepare the second large cellular PVC block [4].
2.3.1. Talent drawing a straight line between the two marked locations.
2.3.2. Talent cutting along the marked line and removing the triangular section.
2.3.3. Talent drilling a 7/16-inch hole 1.25 inches from the top-right corner.
2.3.4. Shot of the second large cellular PVC block.
2.4. Position the small cellular PVC block behind the frame [1]. Secure both large blocks to the small block so they are 8 inches apart, with the diagonal cuts above the small block and the drilled holes beyond its edge [2]. Clamp the pulley mount securely to the corner of a table or counter, positioning it such that the pulley extends beyond the table edge [3]. 
2.4.1. Talent positioning the small cellular PVC block behind the frame.
2.4.2. Talent securing both large blocks to the small block with the specified orientation and spacing.
2.4.3. Talent clamping the pulley mount to the corner of a table or counter.
2.5. Next, cut the 14-inch cellular PVC armrest block into two 1.5-inch sections and one 3.5-inch section [1]. Cut a 2-inch by 1/8 (one-eighths)-inch notch into the top surface of each smaller section, positioning the notch 1 inch from the front edge [2].
2.5.1. Talent cutting the cellular polyvinyl chloride armrest block into three sections.
2.5.2. Talent cutting a notch into each smaller section at the specified location.
2.6. Secure the smaller sections to the underside of the larger section at each end and align the notches with one another [1]. Cover the upper surface of the larger section with hook-and-loop fastener tape [2]. Thread the forearm strap through the two notches [3].
2.6.1. Talent securing the smaller sections to the underside of the larger section with the notches aligned.
2.6.2. Talent applying hook-and-loop fastener tape to the upper surface of the larger section.
2.6.3. Talent threading the forearm strap through the two notches.
2.7. Attach the armrest to the frame using bolts and drop-in T-nuts [1]. Position the armrest 14 inches from the pulley mount with the forearm strap facing away from the pulley [2]. Insert ball bearings into the grooves of the inner gear and outer gear components [3].
2.7.1. Talent attaching the armrest to the frame using bolts and drop-in T-nuts.
2.7.2. Talent positioning the armrest 14 inches from the pulley mount with the forearm strap facing away from the pulley.
2.7.3. Talent inserting ball bearings into the grooves of the inner gear and outer gear components.
2.8. Thread 40 centimeters of timing belt through the lateral slot of the inner gear component and create a loop with a 2-centimeter overlap secured within the slot [1]. Insert the metal axle through the left pulley mount, a stopper, the inner gear component, the force-carry component, the outer gear component, a second stopper, and the right pulley mount [2]. Orient the lateral slot of the inner gear toward the frame and position both stoppers 1 millimeter from either side of the pulley assembly [3].
2.8.1. Talent threading the timing belt through the inner gear component and securing the loop within the slot.
2.8.2. Talent inserting the metal axle through the pulley assembly components.
2.8.3. Talent orienting the inner gear component and positioning the stoppers.
2.9. Install two additional stoppers on the axle, positioning each stopper 1 millimeter from the pulley mounts to prevent lateral movement [1]. Loop 40 centimeters of multistrand steel wire through the finger brace, securing it with a crimp [2]. Next, loop the opposite end through Carabiner A and secure it with a second crimp [3]. 
2.9.1. Talent installing two additional stoppers on the axle.
2.9.2. Talent looping the multistrand steel wire through the finger brace before securing the end with a crimp.
2.9.3. Talent looping the opposite end of the multistrand steel wire through the Carabiner A and securing it with a second crimp.
2.10. Connect the inner gear component to Carabiner A using the attached timing belt and secure the overlap with Key A [1]. Loop 10 centimeters of multistrand steel wire around Carabiner A and secure it with a crimp [2]. Next, loop the opposite end around an aluminum frame fastener, crimp the wire, and secure the fastener to the frame [3].
2.10.1. Talent connecting the inner gear component to Carabiner A using the timing belt and Key A.
2.10.2. Talent securing the multistrand steel wire around Carabiner A, securing it with crimp.
2.10.3.  Talent looping the opposite end around the aluminum frame fastener, crimping it and securing the fastener to the frame.
2.11. Create a loop using 40 centimeters of timing belt with a 2-centimeter overlap and insert the loop into Key B [1]. Then loop the opposite end around Carabiner B and secure the overlap using Key C [2]. Insert Key B into the largest tier of the outer gear component [3]. Attach the smartphone armband holder to Carabiner B using either the armband loop or the headphone-cable openings [4]. Suspend the desired starting weight from Carabiner B using a looped and crimped steel wire [5].
2.11.1. Talent creating the timing belt loop and inserting it into Key B. 
2.11.2. Talent looping the opposite end around Carabiner B, securing it with Key C.
2.11.3. Talent inserting Key B into the largest tier of the outer gear component.
2.11.4. Talent attaching the smartphone armband holder to Carabiner B.
2.11.5. Talent suspending the starting weight from Carabiner B using a looped and crimped steel wire.
2.12. For data acquisition setup, install the data acquisition application on a smartphone equipped with an accelerometer [1]. Open the Acceleration (without g) module [2]. Place the smartphone in the armband holder attached to Carabiner B, prior to data collection and export [3]. (Authors: We have included this step for better context and logical flow. Please specify if this is acceptable.)
2.12.1. SCREEN: Show the data acquisition software being installed on the smartphone. 
2.12.2. SCREEN: Show the opening of Acceleration (without g) module.
2.12.3. Talent placing the smartphone in the armband holder attached to Carabiner B. 

3. Data Acquisition Using Assembled Low-Cost Apparatus
Demonstrator: Click here to enter name of demonstrator(s) 

3.1. Use the forearm strap to secure the participant's forearm to the armrest, tightening sufficiently to prevent the arm from moving forward [1]. Place the finger brace on the participant's thumb and tighten the brace securely [2].
3.1.1. WIDE: Talent securing the participant's forearm to the armrest using the forearm strap and tightening it.
3.1.2. Talent placing the finger brace on the participant's thumb and tightening the brace.
3.2. Remove slack from the pulley system by rotating the pulley through the ratchet mechanism until the timing belt is taut [1]. Slide the safety bolt toward the pulley until the wire connecting the safety bolt and Carabiner A is taut [2]. Select two weights of approximately equal mass, each weighing approximately 1.25 kilograms [3]. 
3.2.1. Talent rotating the pulley through the ratchet mechanism to tighten the timing belt.
3.2.2. Talent sliding the safety bolt toward the pulley until the connecting wire is taut.
3.2.3. Talent selecting two weights of approximately 1.25 kilograms each.
3.3. Test the largest tier, the middle tier, and the smallest tier using one weight and the smartphone [1]. Next, test the smallest, middle, and largest tiers using two weights and the smartphone [2]. Finally, test the largest and smallest tiers using only the smartphone, in a fixed sequence for all participants to minimize fatigue-related bias [3].
3.3.1. Talent testing the largest, middle, and smallest pulley tiers using one weight and the smartphone.
3.3.2. Talent testing the smallest, middle, and largest pulley tiers using two weights and the smartphone.
3.3.3. Talent testing the largest and smallest pulley tiers using only the smartphone.
3.4. Select Start Recording in the data acquisition application [1]. Instruct the participant to contract the thumb as rapidly and forcefully as possible [2].
3.4.1. SCREEN: Start Recording being selected in the data acquisition application.
3.4.2. Talent instructing the participant to contract the thumb as rapidly and forcefully as possible.
3.5. Pause data recording after each trial, adjusting the pulley tier and loading condition as per the previously established testing sequence [1]. Resume data recording and repeat the testing procedure until all 8 pulley-tier and loading combinations have been completed [2].
3.5.1. SCREEN: Data recording being paused after a trial.
3.5.2. SCREEN: Data recording being resumed and additional trials being recorded until all 8 testing combinations are completed.
3.6. Monitor the participant throughout testing and repeat trials affected by excessive arm movement or incomplete effort [1]. Review the acceleration trace after each trial [2]. Record notes for each trial, including repeated or excluded trials, to facilitate subsequent data analysis and comparison with gold-standard ergometer apparatus [3].
3.6.1. Talent monitoring the participant and repeating a trial when necessary.
3.6.2. SCREEN: The acceleration trace being reviewed after a trial.
3.6.3. Talent recording notes for each trial, including repeated or excluded trials. (Authors: Please specify if this should be a SCREEN shot. If yes, we will modify the annotation accordingly.)
Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 188.
· Please note that the video cannot include voiceover without an accompanying visual.

4. Results 

4.1. Force–velocity and power–velocity data collected from 15 participants using both the gold-standard ergometer [1] and the low-cost apparatus showed similar values without significant differences [2]. 
4.1.1. LAB MEDIA: Figure 3A. Video Editor: Please emphasize the prominent blue and yellow lines sequentially.
4.1.2. LAB MEDIA: Figure 3B. Video Editor: Please emphasize the prominent blue and yellow lines sequentially.
4.2. The five force–velocity–power summary variables did not differ significantly between apparatuses [1]. Peak force, or Fmax (F-max) of the human flexor pollicis brevis, averaged at 103 Newtons for the gold-standard ergometer [2] and 104 Newtons for the low-cost apparatus [3], with no significant difference detected between apparatuses [4]. 
4.2.1. LAB MEDIA: Figure 5B-F
4.2.2. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 102.99 ± 29.08 in the third column corresponding to the row labeled “Fmax (Predicted) (N)”
4.2.3. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 104.05 ± 36.25 in the second column corresponding to the row labeled “Fmax (Predicted) (N)”
4.2.4. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 0.93 in the fourth column corresponding to the row labeled “Fmax (Predicted) (N)”
4.3. Peak velocity or Vmax (V-max) averaged 1153 millimeters per second for the gold-standard ergometer [1] and 981 millimeters per second for the low-cost apparatus [2], with no significant difference detected [3].
4.3.1. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 1152.50 ± 451.04 in the third column corresponding to the row labeled “Vmax (Predicted) (mm/s)”
4.3.2. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 980.58 ± 524.84 in the second column corresponding to the row labeled “Vmax (Predicted) (mm/s)”
4.3.3. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 0.36 in the fourth column corresponding to the row labeled “Vmax (Predicted) (mm/s)”
4.4. Peak power, or Pmax (P-max), averaged 10.9 Watts for the gold-standard ergometer [1] and 12.7 Watts for the low-cost apparatus [2], without a significant difference [3]. Optimal velocity measured at Pmax, averaged 357 millimeters per second for the gold-standard ergometer [4] and 327 millimeters per second for the low-cost apparatus [5]. 
4.4.1. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 10.81 ± 6.71 in the third column corresponding to the row labeled “Peak Power (Pmax ) (W)”
4.4.2. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 12.67 ± 9.45 in the second column corresponding to the row labeled “Peak Power (Pmax ) (W)”
4.4.3. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 0.55 in the fourth column corresponding to the row labeled “Peak Power (Pmax ) (W)”
4.4.4. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 357.06 ± 102.67 in the third column corresponding to the row labeled “Velocity at Pmax (mm/s)”
4.4.5. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 327.39 ± 151.56 in the second column corresponding to the row labeled “Velocity at Pmax (mm/s)”
4.5. The force–velocity curvature averaged 0.69 for the gold-standard ergometer [1] and 0.89 for the low-cost apparatus [2], without a significant difference between apparatuses, indicating that the overall shapes of the force–velocity curves generated by the two systems were statistically indistinguishable [3]. (Authors: Please cross-check the values 0.69 and 0.89, as they are interchanged in the text of the results section. Here, I have used it as per the table. Please suggest which one is appropriate. We will modify it accordingly.)
4.5.1. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 0.69 ± 0.70 in the third column corresponding to the row labeled “Curvature (a/Fmax )”
4.5.2. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 0.89 ± 1.25 in the second column corresponding to the row labeled “Curvature (a/Fmax )”
4.5.3. LAB MEDIA: Table 1. Video Editor: Please emphasize the value 0.29 in the fourth column corresponding to the row labeled “Curvature (a/Fmax)”
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