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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol demonstrate software usage? Y
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 2.3., 2.4., 3.10., 4.5.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success?
2.3., 2.5. The most difficult aspect of this procedure is to identify electrode positions, where relatively high amplitudes of sEMG activity can be measured, since brachial plexus patients have a largely reduced neuro-muscular interface due to the nature of their injury (partial to complete disruption of nerval input to muscles in the upper extremity and – in most cases – nerve transfer surgery, which alters the neural input to muscles in the upper extremity).
5. Will the filming need to take place in multiple locations (greater than walking distance)? N


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.

1.1. Laura A. Hruby: Surface electromyographic biofeedback greatly simplifies the identification and training of EMG signals in patients with brachial plexus injuries whose muscle activity in the flail arm is extremely faint [1].

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

1.2. Laura A. Hruby: With the use of surface EMG biofeedback, various motor commands and electrode positions may be tested and trained repeatedly, as the technique is non-invasive, easily applicable, and inexpensive [1].

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

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

1.3. The study was approved by the local research ethics committee and carried out in accordance with the Declaration of Helsinki. All patients provided written informed consent to participate in this study.


Section - Protocol
2. Surface Electromyographic (sEMG) Signal Identification
(Author Comment: In the uploaded screen capture videos, which show surface EMG signals, there is a black horizontal line that indicates a value of 15. Please label this horizonal line as “THRESHOLD”. There is also a red horizontal line between 60 and 75 that marks the PEAK, which needs to be reached during co-contraction. Please label this red horizontal line as “PEAK FOR CO-CONTRACTION”.)
(Editor: I’m not sure if all of the screen capture videos have these lines, but please label the lines as requested when they do appear)
2.1. To set up a system for surface EMG (E-M-G) biofeedback, place the device on a table in a quiet room [1] and position the Patient in front of the computer screen [2].
2.1.1. WIDE: Talent placing device onto table OR Talent connecting device to computer Videographer: Important step
2.1.2. Talent gesturing to chair while Patient sits in front of computer Videographer: Important step

2.2. Ask the Patient to think of hand movements while simultaneously attempting to contract the muscles intended to perform a specific action [1], even if this will not result in real movement of the functionless hand, while palpating the forearm for muscle contraction [2].

2.2.1. Talent demonstrating gesture for Patient to think/make, while Patient tries/tries to move hand
2.2.2. Shot of arm being palpated

2.3. Place an surface EMG electrode on the exact skin position where muscle contraction can be felt [1] and have the Patient repeat the same motor command as just attempted to elicit contraction of the muscle [2].

2.3.1. Electrode being placed Videographer: Important/difficult step
2.3.2. Talent demonstrating gesture for Patient to think/make, while Patient tries/tries to move hand Videographer: Important/difficult step

2.4. Observe the EMG signal on the computer screen [1] to see if the amplitude consistently increases when the patient attempts to contract the muscle intended to perform a specific action [2].

2.4.1. Talent looking at computer, with monitor visible in frame Videographer: Important step
2.4.2. SCREEN: Screenshot 1

2.5. If the amplitude is less than 2-3 times the background noise or the signal is inconsistent [1], try other motor commands with the same electrode position to see if higher amplitudes can be obtained [2].

2.5.1. SCREEN: Screenshot 2
2.5.2. Talent demonstrating different gesture for Patient to think/make, while Patient tries/tries to move hand Videographer: Difficult step

2.6. Then move the electrode to a new location on the forearm to assess the muscle contraction for a different gesture [1], monitoring the signal amplitude on the computer screen while the Patient thinks of making the gesture [2].

2.6.1. Talent placing electrode in new position on forearm
2.6.2. SCREEN: Screenshot 3

2.7. If no muscle activity is found in the forearm, repeat the procedure on the upper arm and shoulder girdle [1-TXT].

2.7.1. Talent placing electrode on upper arm or shoulder TEXT: If no surface EMG signal found, perform nerve and muscle transfers 

3. Surface EMG-Guided Signal Training

3.1. When two or more EMG signals have been identified, encourage the Patient to alternately activate the signals [1]. To reliably drive a prosthesis, the independent EMG signals need to be controlled without interference [2].

3.1.1. LAB MEDIA: Figure 2A 
3.1.2. LAB MEDIA: Figure 1

3.2. Adjust the voltage gain of each signal independently to achieve a similar amplitude threshold for all of the signals during the training [1] to make the signal separation and comprehension easier for the Patient [2].

3.2.1. WIDE: Talent adjusting voltage gain
3.2.2. SCREEN: Screenshot 4 (Author Comment: JoVE Video Editor: please label horizontal line crossing at value 15 as THRESHOLD)
 
3.3. Repeat and explain to the Patient the mechanics of a prosthetic hand - that slight muscle contraction should be preferred over muscle strength to avoid signal co-activation [1].

3.3.1. B-roll: Talent showing prothesis and gesturing to Patient about contractions and signal separation
 
3.4. Observe the EMG signals on the computer screen [1] and explain to the Patient that the two signals are co-activated when attempting a specific movement [2] [1].

3.4.1. SCREEN: Screenshot 5
3.4.2. Talent gesturing to indicate movement attempt with signal (Author Comment: not filmed, as this is already shown in 3.3.1.)

3.5. Instruct the Patient that the two signals should not be co-activated during the attempt of one specific action, as each EMG signal is linked to a specific prosthetic action and that co-activated signals will therefore not result in the action desired by the Patient [1].

3.5.1. B-roll: Talent gesturing to signal(s) and indicate prosthesis

3.6. Instruct the Patient to try slightly different movements [1] and to observe which precise movement patterns are the best in regard to signal separation [2].

3.6.1. Talent nodding while Patient tries movement(s)
3.6.2. Talent indicating signal on monitor

3.7. When appropriate signals have been identified, encourage the Patient to practice performing these movements no more than 30 minutes per training session [1].

3.7.1. Talent demonstrating gesture while Patient watches/also tries

3.8. Instruct the Patient that a perfect signal separation is unlikely at the beginning of the training but will improve with a high number of repetitions and that the signal separation might be easier in the beginning when performing slight contractions [1].

3.8.1. Talent gesturing to signal while explaining to Patient

3.9. As the signal consistency improves, instruct the Patient to generate a higher signal amplitude to further strengthen the muscle and its signal [1].

3.9.1. Patient generating high signal amplitude, with monitor visible in frame
 
3.10. When a consistent EMG signal separation and solid control has been achieved, install a table top prosthesis connected to the corresponding EMG software [1] and place the electrodes on the Patient’s arm to directly translate the EMG activity into mechanical prosthetic function [2].

3.10.1. Talent installing table top prosthesis Videographer: Important step
3.10.2. Talent placing electrode(s) Videographer: Important step

3.11. Inform the Patient that myoelectric prostheses with direct control use the input of one electrode to control one prosthetic movement at a time [1].

3.11.1. Talent gesturing from electrode to prosthesis.

3.12. When a device with a proportional control of movement speed is used, instruct the Patient about the correlation between the signal appearance on the computer screen and the speed and strength of the prosthetic movement [1]. 

3.12.1. Talent gesturing to the table-top prosthesis while Patient contracts muscle while prosthetic hand opens slowly first, then closes and opens fast

3.13. Then have the Patient practice the co-contraction [1], allowing the Patient to observe the EMG signals on the computer screen and explain that it is important that both signals simultaneously reach the peak [2].

3.13.1. Talent showing Patient to quickly make a fist and relax again, activating both signals at the same time 
3.13.2. SCREEN: Screenshot 6 (Author Comment: JoVE Video Editor: please label horizontal red line crossing between values 60 and 75 as PEAK)

3.14. If the prosthetic device does not move, the patient is performing the co-contraction correctly as both signals simultaneously reach the peak [1].

3.14.1. Shot of device not moving

3.15. When the Patient has mastered the control of the table top prosthesis, introduce the concept of a hybrid prosthetic fitting that is individually tailored to the Patient and attached above or below the impaired limb [1].

3.15.1. Talent showing Patient hybrid prosthetic fitting while explaining how it works

3.16. The hybrid prosthetic fitting can then be used for additional training during rehabilitation before the elective amputation [1].

3.15.1. Patient touching/examining hybrid prosthetic fitting 

4. Elective Amputation and Prosthetic Hand Replacement

4.1. Before undertaking the procedure, ask the Patient if they have any unresolved questions regarding the planned amputation and clearly communicate that it is possible at any time to revoke this decision, which will otherwise result in an irreversible and life-altering surgery [1-TXT].

4.1.1. WIDE B-roll: Talent speaking to Patient about decision TEXT: See text about amputation planning details

4.2. Next, perform a standardized assessment of the upper limb function using the functionless hand while video-taping the results [1]. 	

4.2.1. Talent assessing limb function, with camera recording assessment visible in frame as possible

4.3. After 4-6 weeks of post-operative wound healing, determine the best hotspots for electrode placement [1] and have the Patient practice the EMG signals as demonstrated [2].

4.3.1. Talent placing electrode(s)
4.3.2. Patient practicing signal, with computer visible in frame

4.4. Have an Orthopedic Technician design the final prosthetic socket using the previously defined EMG electrode positions [1].

4.4.1. Different Talent next to Patient, noting electrode positions/taking measurements
4.5. When the prosthesis is ready, have the Patient practice simple prosthetic movements with the weight of the prosthetic device being supported [1].

4.5.1. Talent having Patient practice movement, while Patient stabilizes prosthesis with other hand

4.6. Move on to simple prosthetic movements in different arm positions, such as the elbow being extended or flexed alternately [1] and continue with simple grasping tasks such as picking up little boxes and manipulating small objects [2].

4.6.1. Elbow being extended and/or flexed while Patient opens and closes prosthetic hand Videographer: Important step
4.6.2. Little box being picked up or small object being manipulated Videographer: Important step

4.7. Finally, have the Patient practice performing activities of daily living, starting with rather simple tasks [1] and slowly adding complexity and tasks that the Patient considers relevant for their specific life situation [2].

4.7.1. Patient opening door
4.7.2. Patient performing more complex task (e.g. folding a towel with both hands, or cutting fruits)

4.8. Three months after the prosthetic fitting, repeat the standardized assessment of the upper limb function using the prosthetic hand and recording video of the results [1].

4.8.1. Talent assessing limb function, with camera recording assessment visible in frame as possible 



Section – Results
5. Results: Representative Brachial Plexus Injury Bionic Reconstruction Analysis 

5.1. In this study, the demonstrated rehabilitation protocol using surface EMG biofeedback was successfully implemented in six patients with severe brachial plexus injuries [1], including multiple nerve root avulsions [2].

5.1.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Avulsion data cells under Type of lesion column

5.2. The number of therapy sessions with surface EMG biofeedback [1] and the detailed results for each patient can be observed in the Table [2].

5.2.1. LAB MEDIA: Table 2: JoVE Video Editor please emphasize Number of therapy sessions column
5.2.2. LAB MEDIA: Table 2: JoVE Video Editor please emphasize Start of surface EMG training column

5.3. In this assessment, the electrode on the volar aspect of the forearm sensed the EMG activity when the patient attempted to close their hand as indicated by the red wave [1].

5.3.1. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize red wave

5.4. The signal separation in this patient is satisfying, as the signal from the second electrode placed on the dorsal aspect of the forearm did not reach the threshold as indicated by the blue wave [1].
[bookmark: _GoBack]
5.4.1. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize blue data line below red threshold line (crossing value 15, please label this horizontal line as THRESHOLD)

5.5. Then, when the patient thought of opening their hand, the amplitude of the second signal exceeded the threshold as indicated by the blue wave [1], while the signal from the first electrode remained almost inactive as indicated by the red wave [2].

5.5.1. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize blue waves/peaks, please label the horizontal line crossing value 15 as THRESHOLD
5.5.2. LAB MEDIA: Figure 1: JoVE Video Editor: please emphasize red data line under blue waves/peaks, please label the horizontal line crossing value 15 as THRESHOLD





Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Laura A. Hruby: (Step: 2.6) The neural input to muscles in the upper extremity of patients with severe brachial plexus injuries is very sparse, so various motor commands and electrode positions need to be tested [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Laura A. Hruby: To further enhance patient motivation and to increase engagement with training during the long-lasting rehabilitation process, surface EMG biofeedback can be embedded in game-based interventions [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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