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Abstract

This study aimed to develop a stroke tele- rehabilitation prototype integrating markerless
augmented reality with a hybrid Al-based clinical decision support dashboard, in order to reduce the
limitations of wearable- device- dependent rehabilitation and to support continuous home- based
monitoring. The system employed MediaPipe for real-time tracking of 21 hand landmarks from a
standard webcam and transmitted the extracted features to a Hybrid Al architecture that combines a
rule-based engine with a large language model to generate feedback and clinical summaries under the
Serious Game Design Assessment framework and the concept of neuroplasticity. The methodology
consisted of engineering evaluation, simulated-data testing using 100 clinical cases, and expert validation
by nine specialists. Evaluation in a simulated environment showed a frame drop rate of 5.36%, a spatial
error of 10.51 pixels, a frame rate of 49.6-58.4 FPS, and a latency of 45.2-68.7 ms. For Al performance,
the dashboard achieved 92.00% accuracy and 89.36% recall on 100 simulated clinical cases, while
expert evaluation rated the system architecture and functional appropriateness at the highest level
(mean = 4.59-4.75). The key contribution of this work lies in the integration of Markerless AR, Hybrid Al,
and a clinical dashboard into a single prototype. However, the findings are limited to prototype
evaluation in a simulated environment and expert-based validation; therefore, further clinical studies

are required before real-world deployment.

Keywords: Markerless Augmented Reality, Hybrid Artificial Intelligence, Stroke Rehabilitation, Clinical

Decision Support Dashboard, Healthcare Serious Games
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