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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
2. Does your protocol include software usage? No

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. 
2.2, 5.2, 5.7, 6.4, 6.9
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. 
2.2, 5.6
5. Will the filming need to take place in multiple locations? (Y/N) Yes, we plan to give the interview in another room at the General hospital of Vienna/Medical University of Vienna. There is no natural light in the room where all the protocol steps will be filmed and the artificial light we have might not be sufficient for filming with a good quality. Thus, if it is a possibility, it might be good to bring some additional spotlights.
If yes, how far apart are the locations? 
Both locations are in the same building, with 5-10 mins walking distance. Elevators can be used.

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. Agnes Sturma: After nerve injuries and selective nerve transfers, structured rehabilitation is needed to facilitate motor recovery. This protocol is designed to guide therapists and patients through this long-lasting process [1].

1.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera. 

1.2. Agnes Sturma: Using surface EMG biofeedback, active rehabilitation may be started earlier than with conventional therapy. Additionally, this technique supports the patients’ understanding of the exercises during therapy [1].

1.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while 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 (number: 1009/2014) and carried out in accordance with the Declaration of Helsinki. All patients provided written informed consent to participate in this study.
1.4. 

Section - Protocol
2. Patient Education
2.1. To begin this procedure, use the first post-surgical consultation or therapy session to thoroughly explain the type of injury and the performed surgery in detail [1]. Visualize the nerve transfers that were performed on an anatomical figure or print-out [2]. Therapy interventions in this demonstration are meant for patients who underwent an Oberlin’s nerve transfer [3].
2.1.1. MED: Establishing shot of the talent approaching the patient, and beginning to thoroughly explain the type of injury and the performed surgery. Have additional visual aids (from the patient leaflet, submitted as supplementary material) in the shot if necessary, as the conversation will not be heard in the video.
2.1.2. MED: Talent holds up the anatomical figure (from the patient leaflet, submitted as supplementary material), and points out to the patient what transfer occurred.
2.1.3. CU: Close up on an anatomical figure as the talent marks the injury and the Oberlin’s nerve transfer. This may be a CU of the same action in 2.1.2, but it is important to show it more clearly during this voiceover narration.
2.2. Then, explain how the altered neural pathway initially requires considering a nerve’s original movement pattern [1].
Videographer: The author has marked step 2.2 as one of the most important and difficult steps.
2.2.1. MED: Talent explains how the altered neural pathway initially requires considering a nerve’s original movement pattern. Talent demonstrates that closing the hand is now needed to flex the elbow.

3. Enhancing Cortical Re-presentation of the Denervated Body Part: Lateralization Training
3.1. First, prepare cards showing left and right extremities [1] and show them to the patient in a random order [2]. Ask the patient if a left or right extremity is shown. While a speed of approximately 2 seconds per card is normal, give the patient at least 15 seconds to answer if needed [3-TXT].
3.1.1. MED: Talent prepares the cards in a random order.
3.1.2. MED: Talent shows the cards to the patient in a random order.
3.1.3. MED: Shot of the talent asking the patient if a left/right extremity is shown, and the patient answering. Repeat this action at least once in this shot to over the lengthy voiceover narration. TEXT: Moseley, G. L. The graded motor imagery handbook. (2012).
3.2. Give the patient feedback, and if necessary, time to understand why the answer was wrong [1].
3.2.1. MED: Talent gives the patient feedback.

4. Enhancing Cortical Re-presentation of the Denervated Body Part: Mirror Therapy
4.1. Next, set up the mirror therapy by placing a standing mirror or mirror box in front of the therapist and patient [1]. Place the mirror on a desk for the upper extremity [2], or on the floor for the lower extremity [3].
4.1.1. MED: Talent places a mirror box in front of the therapist and patient.
4.1.2. CU: Mirror on the desk.
4.1.3. CU: Mirror on the floor.
4.2. Explain that the mirror therapy works by making use of the reflection of the sound side to create the image of the simultaneous movement of the sound side and denervated extremity [1-TXT]. Briefly demonstrate this with the therapist’s own corresponding extremity [2].
4.2.1. MED: Talent explains how mirror therapy works. TEXT: Ramachandran, V. S., et al. Proceedings of the Royal Society of Biological Sciences. (1996).; Ramachandran, V. S., et al. Brain. (1998).
4.2.2. MED: Talent demonstrates mirror therapy with their own arm.
4.3. Place the mirror medially in front of the patient [1] in a way that allows them to see the reflection of the sound side exactly where the injured extremity is expected [2]. Make sure that the entire injured extremity is covered by the mirror and cannot be seen by the patient [3].
4.3.1. MED: Talent places the mirror box medially in front of the patient.
4.3.2. CU: Close up shot showing the reflection of the sound side.
4.3.3. CU: Close up showing that the entire injured extremity is covered by the mirror.
4.4. Ask the patient which movements they can easily imagine [1-TXT] and instruct them to perform these movements with the sound side while looking at the mirror [2].
4.4.1. MED: Talent asks the patient which movements they can easily imagine. TEXT: Begin with slow movements. Video Editor: Keep this text overlay up for all of 4.4.
4.4.2. MED: Talent instructs the patient to perform these movements, and the talent begins to perform the movements.
4.5. Then, instruct the patient to move both sides for 5 to 10 minutes [1]. Explain that the injured side will not move, but that it is still important to generate the illusion of simultaneous movement of both sides [2].
4.5.1. MED: Patient moves sound side while its reflection is seen in the mirror.
4.5.2. MED: Talent explains that the injured side will not move. Alternatively, film a CU of the patient moving their sound side in front of the mirror.
5. Motor Activation Using a Donor Side Approach
5.1. Begin this part of the rehabilitation as soon as the first volitional contraction of the re-innervated muscle can be detected, which can usually be expected within 3 – 5 months after surgery [1]. Set up a system for EMG biofeedback by unpacking it on a table, making sure to plug in all cables [2] and press the power button [3].
5.1.1. MED: Talent monitors the patient. Show that a volitional contraction is detected in the re-innervated muscle. (Author Comment:  We would suggest taking this shot without the sEMG system, and with a CU showing contraction of the biceps muscle (and maybe for enhanced clarity the talent palpating it).
5.1.2. MED: Talent sets up an EMG biofeedback system on a table.
5.1.3. CU: Talent presses the power button on the EMG biofeedback system.
5.2. Ask the patient to think of movements that the donor nerves were originally responsible for [1], and palpate the recipient muscle [2].
Videographer: The author has marked step 5.2 as one of the most important steps.
5.2.1. MED: Talent asks the patient to think of movements that the donor nerves were originally responsible for (closing the hand).
5.2.2. MED: Talent palpates the recipient muscle.
5.3. Then, place a surface EMG electrode on the exact position where muscle contraction can be palpated [1]. Even if no movement can be palpated, check for the EMG activity regularly within the first 3 – 6 months after surgery [2].
5.3.1. CU: Talent places a surface EMG electrode on the patient’s muscle.
5.3.2. MED: Talent checks for EMG activity.
5.4. If EMG activity on this position  cannot be confirmed, slightly change the position of the electrode [1] and try other motor commands related to the donor nerve [2-TXT]. Otherwise, continue with the interventions for cortical activation and test again after a few weeks [3].
5.4.1. MED: Talent slightly changes the position of the electrode.
5.4.2. MED: Talent asks the patient to perform other motor commands (ulnar abduction of the wrist) related to the donor nerve, and the patient performs those commands.
5.4.3. MED: Talent tests for EMG activity.
5.5. If EMG activity can be detected, make sure the patient is comfortably seated [1] and instruct them to think of movement patterns related to the donor nerve while picking up surface EMG signals from the recipient muscle [2]. If a system with the possibility to adjust signal gains is used, set it up in a way that the signal amplitude is high enough to be easily observed [3-TXT] [4]. 
5.5.1. MED: Patient sits/settles comfortably.
5.5.2. MED: Talent instructs the patient to think of movement patterns related to the donor nerve. Talent checks the EMG biofeedback system during this.
5.5.3. CU: Talent adjust the signal gains as described. TEXT: In the beginning, this usually requires a high amplification.
5.5.4. CU: Close up show showing how the adjustment of the signal gain increases the signal amplitude.
5.6. As soon as the patient can repeatably activate the muscle, ask them to fully relax after muscle activation [1], which corresponds to EMG amplitudes close to zero [2]. Ask the patient to repeatedly activate the muscle and fully relax it [3].
Videographer: The author has marked step 5.6 as one of the most difficult steps.
5.6.1. MED: Talent asks the patient to fully relax the muscle after activation.
5.6.2. CU: Close up showing the EMG amplitudes is close to zero.
5.6.3. MED: Talent repeatedly activates the muscle and fully relaxes it.
5.7. Try different movement cues and electrode positions in order to find the highest amplitude. After finding a good combination, maintain it the rest of the session [1].
Videographer: The author has marked step 5.7 as one of the most important steps.
5.7.1. MED: Talent shows different movements that are repeated by the patient while the talent monitors.
5.8. [bookmark: _Hlk986488]As soon as the patient feels confident with the surface EMG setup, introduce motor commands including both the activation of the donor nerve and the actual function of the recipient muscle [1].
5.8.1. MED: Talent instructs the patient to perform elbow flexion and making a fist.
6. Re-learning the Original Movement Pattern
6.1. As soon as the muscle is strong enough to overcome gravity or the resistance of antagonistic muscles and joint stiffness, focus therapy on re-learning the original movement pattern of the recipient nerve [1].
6.1.1. MED: Talent with patient. Patient moves in a way that shows that the muscle is strong enough to overcome gravity (patient fully flexes the arm against gravity while making a fist).
6.2. Encourage the patient to slightly activate the recipient muscle without the movement in the muscles originally innervated by the donor nerve [1].
6.2.1. MED: Talent instructs the patient to flex the elbow with keeping the hand open by showing this movement.
6.3. Support this by using surface EMG biofeedback with two channels [1]. Place one bipolar electrode on the skin above the re-innervated muscle [2] and put the other one on the skin above the original donor nerve muscle [3].
6.3.1. MED: Talent sets up the sEMG biofeedback system.
6.3.2. MED: Talent places one bipolar electrode on the skin above the re-innervated muscle (biceps brachii).
6.3.3. CU: Talent places the other bipolar electrode on the skin above the original donor nerve muscle (flexors of the forearm).
6.4. This allows the patient to simultaneously see the activation of both muscles [1]. Encourage the patient to activate the recipient muscle [2] and ensure that the donor muscle is relaxed with a low EMG signal amplitude [3].
Videographer: The author has marked step 6.4 as one of the most important steps.
6.4.1. MED: Patient activates both muscles. Show this on the sEMG biofeedback system.
6.4.2. MED: Talent encourages the patient to activate the recipient muscle (biceps brachii). The talent does so.
6.4.3. CU: Close up showing that the donor muscle (flexors of the forearm) is relaxed with a low EMG signal amplitude.
6.5. Let the patient know that signal separation is usually easier with slight muscle activation and that unwanted co-contraction of both muscles is common at the beginning of training [1]. 
6.5.1. MED: Talent lets the patient know that signal separation is usually easier with slight muscle activation. The patient listens.
6.6. Using the same surface EMG setup, ask the patient to activate the donor muscle without the activation of the re-innervated muscle [1] and monitor for desirable or undesirable strategies that result in better or worse separation of signals [2]. Encourage strategies that support signal separation [3].
6.6.1. MED: Talent askes the patient to activate the donor muscle without the activation of the re-innervated muscle. The patient does so.
6.6.2. CU: Talent looks at the sEMG biofeedback system and monitors for the strategies and signals as described.
6.6.3. MED: Talent points out a strategy that support signal separation, and encourages the patient to continue with this strategy.
6.7. If both signals can be separated with slight muscle contractions [1], ask the patient to perform stronger contractions [2]. 
6.7.1. CU: Close up showing both signals can be separated with slight muscle contractions.
6.7.2. MED: Talent askes the patient to perform stronger contractions. The patient performs stronger contractions as asked.
6.8. [bookmark: _GoBack]As soon as good signal separation while using EMG biofeedback can be observed [1], ask the patient to perform separated “donor” and “recipient” movements without feedback [2]. 
6.8.1. CU: Close up of the sEMG biofeedback system, showing good signal separation.
6.8.2. MED: Talent dismounts the sEMG electrodes. Patient performs separated “donor” and “recipient” movements without feedback.
6.9. [bookmark: _Hlk986520]With increased motor function, encourage the patient to do more complex tasks including increased muscle force or improved precision [1-TXT].
Videographer: The author has marked step 6.4 as one of the most important steps.
6.9.1. MED: Talent encourages the patient to perform more a complex task (e.g. stacking wooden blocks). The patient performs the more complex task. TEXT: If necessary, start “classic” strengthening exercises.
6.10. Finally, focus on activities of daily living and those needed in the patient’s home, work environment, and when performing sport exercise [1]. 
6.10.1. MED: Talent and patient review/focus on activities of daily living. Perform a representative action to demonstrate that this is what is being discussed.


Section – Results
7. Results: Analysis of Structured Motor Rehabilitation
7.1. In this study, a program is outlined for motor rehabilitation after complex peripheral nerve injuries [1]. Five patients participated, and their characteristics – including injury and the performed surgical reconstruction – are shown here [2].
7.1.1. LAB MEDIA: Table 1.
7.1.2. LAB MEDIA: Table 1.
7.2. All of the included patients suffered severe brachial plexus injuries [1]. Thus, motor recovery without surgical intervention was deemed unlikely and direct nerve suture was not possible in any of the cases [2].
7.2.1. LAB MEDIA: Table 1.
7.2.2. LAB MEDIA: Table 1.
7.3. The performed nerve transfers were chosen depending on the intact anatomy [1], and where possible, nerve transfers from agonistic muscles were performed [2]. This was done to reduce the cognitive load during motor re-learning [3].
7.3.1. LAB MEDIA: Table 1.
7.3.2. LAB MEDIA: Table 1. Video Editor: Emphasize the cells in column E (the column titled “Reconstructive surgeries for restoration of upper limb function”).
7.3.3. LAB MEDIA: Table 1: Video Editor: Hold the emphasis from 7.3.2.
7.4. All of the patients are seen [1] to have an improved shoulder and elbow function after rehabilitation, allowing them to flex the arm against gravity [2]. Two of the patients with an Oberlin’s ulnar nerve transfer regained full elbow flexion strength [3].
7.4.1. LAB MEDIA: Table 2.
7.4.2. LAB MEDIA: Table 2. Video Editor: Emphasize the cells in column C (the column titled “Upper limb function including BMRC grades at follow-up”).
7.4.3. LAB MEDIA: Table 2. Video Editor: In column C, for case number 2 and 3, emphasize the text “Elbow Flexion: 5” (cells C7 and C9). 



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Agnes Sturma: In this video, we displayed the various steps of rehabilitation using the example of an Oberlin’s nerve transfer. Other movement cues need to be given for different nerve transfers [1] [2].
8.1.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera
8.1.2. Use shots from 5.9. Use whichever looks best.
8.2. Agnes Sturma: In line with clinical reasoning, other therapeutic techniques can be used alongside the ones presented here. We recommend supplementing the protocol to treat any additional injuries or impairments [1].
8.2.1. INTERVIEW: Named author says the statement above in an interview-style statement while looking slightly off-camera
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