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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)   NO
Can you record movies/images using your own microscope camera? (Y/N) N/A
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.2. Does your protocol include software usage? (Y/N) YES
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
This experiment is almost automated and the data analysis part (will be taken by the screen capture) are more important. Among the other steps, the step 2.3 to 2.5 and 4.10 seems to be important. 
4. 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.)
The step 5.2 and 5.3 (Quantifying the AoC) is the most vague and important part. This process was performed by one rater to maintain consistency.
5. Will the filming need to take place in multiple locations? (Y/N) YES
If yes, how far apart are the locations? 
The interviews will be taken in a different location from the experiment site. Two locations are in the same building, but the floor is different. 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera). All interview statements may be edited for length and clarity. Note: Edited to 30 words. 


[bookmark: _Hlk7765242]Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Nam-Jong Paik: This protocol improves the reliability of spasticity measurements compared to the conventional method. The stretch reflex is measured while considering the effect of standardized isokinetic motion on the reliability of Angle of Catch. 

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

What is the main advantage of this technique?

1.2. Minki Sin: Using this technique, Angle of Catch elicited by the stretch reflex can be measured using the standardized manner, both in isokinetic and manual motions, by measuring the surface EMG activity from the biceps brachii.

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

















OPTIONAL Interview Statements: (Said by you on camera). All interview statements may be edited for length and clarity. (Removed, must be spoken by different authors) 


Introduction of Demonstrator: (Said by you on camera)


1.3. Nam-Jong Paik: Demonstrating the procedure will be Seo Hyun Park, a occupational therapist from my laboratory.

1.3.1. The named technician looks up from a desk or the robot GUI and acknowledges the camera.






Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at Seoul National University Bundang Hospital. 



Section - Protocol
2. Initial posture setting
2.1. Begin by asking the patient to sit in a chair with a straight back [1]. Also inform them that they should keep their shoulder position stable throughout the experiment [2].
2.1.1.  WIDE: Talent gestures to the chair, then the patient sits in the chair with a straight back.
2.1.2. Talent speaks to the subject, asking them to keep their shoulder position stable, and the subject nods in agreement.
2.2. Next, unfasten the fixation block on the linear slider so that the cuff can be moved freely [1]. Then, place the subject’s hemiparetic arm lightly on the robot manipulandum (pronounced: man-ip-u-land-um) without fastening the strap [2].  
2.2.1. Talent unfastens the he fixation block of the linear slider, then shows that it can be moved freely.  
2.2.2. The subject’s hemiparetic arm is placed on the robot manipulandum without fastening the strap.
2.3. Adjust the height of the robot using the lab jack until the patient’s shoulder is abducted 90 degrees, and confirm this using a goniometer [1]. Next Instruct the subject to hold the handle and fasten their hand to the handle with straps [2]. Align the rotation axis of the robot with the anatomical axis of the patient’s elbow joint.[3].  (videographer note, authors indicate this is an important step)
2.3.1. Talent adjusts the height of the robot using the lab jack until the patient’s shoulder is abducted 90, then confirms with goniometer.
2.3.2. The subject holds the handle and fastens their hand to the handle with straps.
2.3.3. Talent aligns the rotation axis of the robot and anatomical axis of the elbow joint.
2.4. Now flex and extend the subject’s elbow joint so that the position of the cuff can be readjusted naturally in an optimal position without generating resistance during movement [1]. 
2.4.1. The subject’s elbow is flexed and extended so that the position of the cuff can be readjusted naturally in an optimal position.
2.5. Then, fasten the fixation block to fix the position of the cuff and fasten the straps of the forearm cuff [2]. Finally, attach the surface EMG electrodes on the biceps brachii muscle in the hemiparetic arm [2]. (videographer note, authors indicate this is an important step)
2.5.1. Talent fastens the fixation block to fix the position and fastens the straps of the forearm cuff. 
2.5.2. Talent attaches the surface EMG electrodes on the biceps brachii.

3. Passive ROM measurement
3.1. To begin measurements, first input the patient's hemiparetic side information into the program [1]. Then, confirm that the elbow is flexed to 90 degrees using a goniometer and press the 90 degree set button on the graphic interface panel. The initial range-of-motion is automatically set to a value from 20 to 170. [2].
3.1.1. SCREEN: to be provided by authors: The patients hemiparetic side information is input into the program. (Authors, please upload all screen captures to your project link page.)  http://www.jove.com/files_upload.php?src=18243318
3.1.2. MED: The elbow is set to 90° flexed using a goniometer, then talent presses the 90 deg set button on the GUI panel. 
3.2. Press the Finish set button to switch the robot to the actuating state. Then, click the buttons on the Motor run panel on the left side of the graphic interface in order from top to bottom [1]. 
3.2.1. SCREEN: to be provided by authors: The Finish set button is pressed, Then, the Motor run buttons are pressed on the left side of the graphic interface in order from top to bottom. (Authors, please upload all screen captures to your project link page.)
3.3. [bookmark: _GoBack]Now press the ‘Angle set’ button, then set the speed to 1 degree per second, then click the run button [1]. The robot will extend the elbow slowly at 1 degree per second from a 90 degree flexed posture until the reaction torque reaches a certain threshold level or extends by 170 degrees [2].
3.3.1. SCREEN: to be provided by authors: The speed is set to 1 deg/sec, then the run button is selected. (Authors, please upload all screen captures to your project link page.)
3.3.2. MED: The robot extends the elbow slowly at 1°/s from a 90° flexed posture until the reaction torque reaches a certain threshold level or extends by 170.
3.4. Next, change the speed to negative 1 degree per second and again select run. The robot will flex the elbow slowly until the reaction torque reaches the threshold level [1].
3.4.1. Talent changes the speed, then we see the robot flexes the elbow slowly until the reaction torque reaches the threshold level.
4.  Modified Tardieu Scale (MTS) measurement
4.1. Before beginning measurements, perform inertia effect compensation. First, click the Back button on the control panel and the robot will flex the elbow to the minimum angle posture [1]. 
4.1.1. Talent clicks the back button, then we see the robot flex the subjects elbow to the minimum angle posture (maximally flexed posture). 
4.2. Now set the speed to 150 degrees per second, select Inertia test, and then click the Run button [1]. The robot will apply a short perturbation of 5 degrees to the patient at this rate [2]. The peak torque and period value of each trial are automatically stacked and displayed on the GUI panel. [3]
4.2.1. SCREEN: to be provided by authors: Talent sets the speed to 150°/s and turns on the Inertia test button then the Run button. Authors, please upload all screen captures to your project link page.)
4.2.2. The robot will applies a short perturbation of 5° to the patient at a rate of 150°/s.  Videographer: This action is going to be repeated in the next shot. 
4.2.3. SCREEN: to be provided by authors Show the peak torque and period value of each trial automatically stacked and displayed on the GUI panel. Authors, please upload all screen captures to your project link page.)
4.3. Repeat this Inertia test two more times [1], then determine a proper peak torque value and period value from the measured data and enter the value on the program GUI [2]. 
4.3.1. Show the test being repeated (robot will applies a short perturbation of 5° to the patient at a rate of 150°/s)
4.3.2. Talent enters the value on the program GUI.
4.4. Here we see an example of inertia effect compensation. The green line indicates the raw torque; the dotted line indicates the inertial force model; and the red line indicates the inertial torque compensation result.
4.4.1. LM: Figure 6.  All text in blue will be done by a Jove video editor: Highlight the green line, then the dotted line, and then the red line when spoken. 
4.5. Next, run the Familiarization step. Click the Back button to flex the elbow to the minimum angle posture [1]. Then, inform the subject that the robot will move before clicking the Run button [2]. 
4.5.1. WIDE: Talent presses the back button and we see the elbow begin to return to the minimum angle posture. 
4.5.2. Talent speaks to the subject, informing them that the robot will move, and then presses the Run button. 
4.6. The robot will extend the patient’s elbow at a rate of 150 degrees per second, until a maximum angle is reached, or the reaction torque reaches threshold [1]. Repeat the Familiarization procedure two more times, then take a 5 minute rest before starting the test [2]. 
4.6.1. The robot extends the patient’s elbow at a rate of 150°/s.
4.6.2. Another shot from a different angle showing the Familiarization procedure being repeated. 
4.7. To begin Isokinetic MTS measurement, again press the Back button to return to minimum angle posture [1]. This time however, click the Run button without informing the subject [2].
4.7.1. The subjects arm slowly returns to the minimum angle, while the raters is at the GUI (not speaking to or looking at the subject).
4.7.2. Talent presses the Run button without informing the subject, and we see the robot and arm as it begins to move.  Videographer: This action is going to be repeated in the next shot, and in 4.9.1. Film a few different angles.  There are several shots throughout the scripts with this type of elbow movement, so extra footage of the robot/arm could be useful.  
4.8. The robot will again extend the patient’s elbow at the same rate [1]. Time, angle, reaction torque, and trigger signal data will be stored by the system during the test [2].
4.8.1. Another shot of the robot/ subject’s elbow moving, perhaps a closer shot. 
4.8.2. MED over shoulder: Talent checks the GUI to see the data is stored.  
4.9. Repeat the Isokinetic MTS measurement two more times with 2 minute- breaks between sets [1]. Then, take a 5 min rest after performing all three measurements [2]. 
4.9.1. Talent again presses the run button without informing the subject. 
4.9.2. Talent speaks to the subject, informing them that they will take a 5 min break, and the subject acknowledges (nods and/or says OK). 
4.10. Next, perform Manual MTS measurement. After returning to the minimum angle [1], press the Free run button, and the robot will change to manual operation mode [2]. 
4.10.1. Talent speaks to the subject (as if explaining next step) as the arm returns to the minimum angle.  
4.10.2. MED over shoulder: Talent presses the free run button. 
4.10.3. NOTE: critical step interview statement goes here (step 4.10)
4.11. Now hold the handle of the manipulandum and stretch the subject’s arm. During operation, the rater should generate a constant speed of 150 degrees per second [1]. (videographer note, authors indicate this is an important step)
4.11.1. Talent holds the handle of the manipulandum and stretches the subject’s arm at constant speed of 150°/s.  
4.12. At this point turn off the Free run mode and have the subject take a 2-minute break [1]. Then, repeat the Manual MTS measurement two more times [2]. 
4.12.1. Talent turns off free run mode, as the subject rests. 
4.12.2. Talent again holds the handle of the manipulandum and stretches the subject’s arm.
4.13. After finishing the entire experiment with the first rater, have the subject rest for minutes [1]. Then, repeat all MTS measurements with a different rater [2]. 
4.13.1. The first rater speaks to the subject, letting them know they will take a 10 min rest. 
4.13.2. The new rater arrives and greets the patient, and explains that they will repeat the whole experiment. 
5. Quantifying the AoC (Angle of Catch)
5.1. To perform Isokinetic MTS experiment data analysis, first synchronize the EMG data and robot angle data using the trigger signals of each data set [1]. 
5.1.1. MED over shoulder: Talent at a computer, synchronizing the EMG data and robot angle data using the trigger signals. 
5.2. Then, determine the Angle of catch manually as the starting point of the Root Mean Square EMG upsurge, as seen here [1]. 
5.2.1. LM: Figure 7: All text in blue will be done by a Jove video editor: highlight “Angle of catch” when spoken. (no need for authors to prepare this highlight effect) 
5.3. For Angle of catch evaluation using the torque data, draw one regression line beginning with the point where the trigger signal goes up, and draw another regression line from the point where the trigger signal goes down.
5.3.1. LM: Figure 8:  Jove video editor: when “draw one regression line” is spoken, highlight the first dashed blue line on the left, then, when “the trigger signal goes down” is spoken, highlight the second (steeper) dashed blue line on the right. 
5.4. Now compare the slopes of these two regression lines. If they show a significant difference, Angle of catch can be determined at the intersection of two regression lines. 
5.4.1. LM: Figure 8:  Jove video editor: When “compare the slopes” is spoken, the two regression lines are highlighted together (perhaps a different color), Them when “AoC can be determined” is spoken, highlight the vertical dashed line, and Angle of catch with the red arrow pointing to it. 






Critical Step Statement:
[bookmark: _Hlk7765309]Minki Sin, Step   4.10  
[bookmark: _Hlk7765162]INTERVIEW: For the manual MTS experiment, try to extend the subject’s arm at the maximum constant speed according to the ideal MTS performance condition. 


Section – Results
6. Results:  Example Measurements  
6.1. This figure shows an example of angle of catch evaluation using EMG data for a manual MTS case. As done in the isokinetic case, the angle of catch is determined as the angle when a clear upsurge of the EMG occurs. 
6.1.1. LM: Figure 9.  Jove video editor: With the second sentence: when AoC is spoken, highlight Angle of catch and the red arrow.  (Authors, no need to prepare this, it will be done by JoVE.) 
6.2. Here we see variables for the normalized assessment motion index. Intuitively, index value is the ratio of the area under the velocity graph to the area of the gray box. Most isokinetic movements show values closer to 1. 
6.2.1. LM: Figure 10. Jove video editor: when “area under the velocity graph” is spoken, highlight the blue shaded area under the graph. When “the gray box” is spoken, highlight the gray box.  (Note to Video editor, several figures have been incorporated into the protocol above in section 4 and 5.) 


Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

[bookmark: _Hlk7765388]What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.
7.1. Minki Sin (Step: 5) The most critical step in this technique is the Angle of catch selection. Also, experimental conditions should remain constant to reduce noise, since these experiments are performed quickly.
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Following this procedure, what other methods can be performed? What questions would these additional methods answer?
7.2. Minki Sin: Following this procedure, more comprehensive state evaluations are possible using the measured reaction force and EMG data, such as evaluating the patient's rigidity using the slope of the regression line.
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?
7.3. Minki Sin: Standardization and quantification of the assessment tools in this protocol can provide a basis for more efficient treatment, and may enable the development of new methods such as remote evaluation. 
7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.
7.4. Minki Sin: Be aware that the rapid movement of the robotic device may make the subject nervous and this can affect muscle tone. Therefore, familiarization is necessary before beginning the experiment.
7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, this time looking into the camera.
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