Effects of rehabilitation exoskeleton robot training on neuroplasticity and lower-limb motor function in stroke patients

S 2.6 Secondary outcomes 

S 2.6.1 6-MWT data collection
We selected a long indoor corridor with a small number of people for 6-MWT data collection and marked the starting and turning points with colored ribbons on the ground. The patients were then instructed to walk back and forth within the marked area as much as possible. Using a timer, the total distance walked by the patient in 6 min was calculated and rounded off to the nearest meter.
S 2.6.2 Fugl-Meyer assessment-lower limb (FMA-LE) 

Lower-limb motor function was measured using the FMA-LE. This assessment tool consists of 17 items, with the highest score being 34. Each item was assessed using a three-point ordinal scale (0 = cannot perform, 1 = can partially perform, and 2 = can fully perform).

S 2.6.3 Functional ambulation classification (FAC) 

Walking ability was assessed using the FAC, which evaluates lower-limb function based on the ability to walk for 15 m.FAC scores were categorized as follows: (0) non-ambulatory; (1) need continuous support from another person; (2) need intermittent support from another person; (3) required verbal supervision only; (4) required help in climbing up and downstairs and walking on uneven surfaces; and (5) walk independently anywhere.
S 2.6.4 Gait analysis

Gait analysis was conducted using the gait analyzer IDEEA3 (MINISUN) with the third generation Intelligent Device (LLC, Fresno, CA, USA). Accordingly, the patients were instructed to walk on flat ground wearing a recorder and heelless shoes. They were instructed to maintain a consistent speed as much as possible throughout a walking distance of at least 50 m. Thereafter, the recorder was removed from the patient, and data were imported into the IDEEA software system and analyzed to obtained the target data, which included gait frequency, gait cycle time, and the support phase-to-swing phase ratio.

S 2.6.5 sEMG data collection
sEMG assessment (MyoMove, Northam Electric Co., Ltd., Shanghai, China) was conducted at 2048 Hz, with a magnification of 500× and bandwidth of 5–500 Hz. According to the current international measurement method recommendations (www.seniam.org),31 we selected the rectus femoris, biceps femoris, tibial anterior, and medial gastrocnemius of the affected lower limb as the targets.32 The reference electrodes were positioned on the lateral malleolus, whereas the active electrode was placed over each muscle belly. The electrodes were placed parallel to the muscle ﬁbers, and the center of the two electrodes was separated by 2 cm. The electrodes were fixed using ﬂexible adhesive tape. After the sEMG signal appeared, we waited for 3 min until the signal was stable and was <15 µV and prepared for sEMG collection.

2.6.6 sEMG signal collection

The root means square (RMS) and integral electromyography (iEMG) values for the rectus femoris, biceps femoris, tibialis anterior, and medial gastrocnemius were collected at different positions and movements.

(1) Rectus femoris

The patient sits in a chair with the knee joint flexed at 70°. A non-elastic bandage is placed on the calf and fixes it on a stable frame. The electrode needs to be placed at 50% of the line from the anterior spina iliaca superior to the superior part of the patella. Keep the knee in extension with maximum force along the line from the anterior spina iliaca superior to the superior part of the patella. Hold for 5 seconds and record the root mean square (RMS) of the rectus femoris during this period, repeat 3 times with 10 seconds rest each time.

(2) Biceps femoris

The patient is lying prone on the bed. The knee is fixed at 30° of flexion and the lower leg is secured to the examination table with a non-elastic bandage. The electrode needs to be placed at 50% of the line between the ischial tuberosity and the lateral epicondyle of the tibia. Keep the knee in flexion with maximum force along the line between the ischial tuberosity and the lateral epicondyle of the tibia. Hold for 5 seconds, record the integral electromyogram (iEMG) and co-contraction ratio (CR) of the biceps femoris during this period, and repeat 3 times, with 10 seconds rest each time.

(3) Tibialis anterior

The patient is lying supine or sitting. A cylindrical pillow is placed under the knee joint to flex the knee by 30°, and the heel is placed on the bed. The electrode needs to be placed at 1/3 on the line between the tip of the fibula and the tip of the medial malleolus. Along the line between the tip of the fibula and the tip of the medial malleolus, the subject keeps the knee in flexion with maximum force, and the examiner applies resistance on the back of the foot to keep the back of the foot still during the process. Hold for 5 seconds, and record the iEMG and CR of the tibialis anterior during this period, repeating 3 times with 10 seconds rest each time.

(4) Medial gastrocnemius

The patient lies prone on the bed with the knee extended, and the foot projected over the end of the bed. Straighten the ankle joint and stick the foot out of the bed. A electrode needs to be placed on the most prominent bulge of the muscle. The patient is asked to perform plantar flexion with the maximum force, and the examiner applies resistance on the heel to keep the back of the subject's instep immobile during the process. Hold for 5 seconds, and record the RMS of the medial gastrocnemius during this period, repeating 3 times with 10 seconds rest each time.
S 2.6.7 Calculated co-contraction ratio
Muscle co-activation refers to the simultaneous activity of various muscles around the joint. co-contraction ratio(CR) was calculated as the average of consecutive instantaneous activity of two muscle groups.31 We used Main Project (EMG view 1.3, Laursen, Denmark) to analyze the data. sEMG signals with a stationary duration of 3 s were intercepted using Main Project software, after which the iEMG and RMS for each muscle were exported. The iEMG of the antagonist muscles (rectus femoris and medial gastrocnemius) was expressed as a percentage of the total iEMG value during the maximum isometric contraction. The equation below was created based on the anatomic and functional role of the two muscles, ranging from 0% to 100%.32 The results are the average of three measurements.

The calculation formula is as follows:
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