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Reliability testing of EEG spectral features in a robot-based arm movement task
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Abstract:
Introduction
We test the intersession reliability of kinematic and EEG low-beta (Lβ, 12 - 20 Hz) power features in a center-out motor task performed with the inMotion Arm
rehabilitation robot from Bionik labs. Integrating EEG data collection with robotic tasks aims to reduce trial and session movement variability, and to obtain precise
movement onset markers. We hypothesize that this setup would help reduce intersession variability and increase reliability, for potential use of these features in
longitudinal assessments.
Methods
Ten right-handed healthy individuals used the Bionik robot in two sessions (on average 40 days apart) to perform planar movements within a predefined workspace.
Targets were situated 10 cm from the center at 4 cardinal positions. Movement and targets were displayed on a screen. Movement was initiated upon visual cue and
target position maintained till subsequent cue. Targets were presented randomly. Each arm performed a block of 80 movements, with randomized block order. Session
two kept individual block order. Study was IRB approved (1584762); informed consent was obtained.
EEG data (DSI-24, Wearable Sensing) were collected at 300 Hz with BCI2000, referenced to linked earlobes, and synchronized with Bionik’s positional data. Movement
onsets were detected using inertial kinematic data with (Xsens, Movella). Lβ power was analyzed for epochs of 0 to 200 ms post-movement onset; expressed as a
percentage change from trial baseline. Power distributions of this feature at contralateral hand motor regions (C3 and C4) were computed. Kinematic features (mean
speed and movement duration) were gathered from the robot.
Inter session distribution differences were evaluated at individual (Lβ) and group levels (kinematics and Lβ). Wilcoxon rank sum test was used for intra-individual
comparisons, and Wilcoxon signed rank for paired group comparisons. The group feature was the median Lβ power. Intersession agreement was quantified with the
Inter-Class Correlation (ICC) coefficient.
Results
Lβ power in contralateral motor regions show expected desynchronization. Group analysis shows excellent agreement between sessions for right-arm (ICC: Lβ = 0.92,
Speed = 0.86, Duration = 0.71), and left-arm (ICC: Lβ = 0.90, Speed = 0.86, Duration = 0.83) movements. Individual and group differences were not significant for both
left- and right-hand movements, supporting group intersession agreement.
Conclusion
This study demonstrates a setup with robust EEG and kinematic features across sessions in healthy individuals, providing some assurance of its reliability for use in
longitudinal assessments. We aim to test this on a larger cohort.
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