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Research Progress on Bionic Mechanical Finger Micro—EMC Actuators for Functional
Reconstruction of Finger Defects, Precision Grasping, and Nerve Pain Modulation Mechanisms
in Residual Limbs
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Abstract: Although finger defects belong to local limb defects, they can significantly impair pinch grip, grasping, writing,
eating, tool manipulation, and social interaction. Traditional silicone cosmetic or passive mechanical finger prostheses
primarily focus on aesthetic compensation and basic support; however, they often suffer from limitations in functional
recovery, inadequate wearing comfort, high costs, and poor long-term compliance. In recent years, rapid advancements in
bionic materials, microelectromechanical systems (MEMS) actuation, flexible tendon-driven mechanisms, electromyography
(EMG) recognition, tactile feedback, and neuromodulation technologies have enabled finger prostheses to evolve from a
mere "aesthetic replacement” toward an integrated approach encompassing "functional reconstruction — precise grasping
— sensory feedback — and pain-assisted intervention." Centering on the functional reconstruction needs associated with
finger defects, this article reviews the material design, wearing adaptability, MEMS actuation, precise grasping control, and
electrical stimulation-based neuromodulation mechanisms of bionic mechanical fingers, aiming to provide a reference for the
development of low-cost, lightweight, comfortable, and intelligent finger prostheses.

Keywords: Finger prosthesis; Bionic mechanical finger; Microelectromechanical system actuation; Precise grasping; Residual
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