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3D-printed exoskeleton assistive device for hand

rehabilitation of rare diseases

Abstract :

To address the rehabilitation needs of patients with finger motor dysfunction
caused by conditions such as FSHD (facioscapulohumeral muscular dystrephy), stroke,
and spinal cord injury, and to address the issues of heavy weight, poor adaptability; and
inadequate safety of traditional rigid rehabilitation exoskeletons, this paper designs an
adjustable, flexible rehabilitation exoskeleton finger based on a-single tendon drive.
First, through an analysis of finger biometrics, the normal adult phalangeal.length range,
joint torques, and kinematic coupling patterns were” determined,  providing a
physiological basis for structural design. Based on this, a segmented/opening actuator
was proposed, connecting the finger rests via flexible arc hinges to compensate for
dynamic offsets in the joint's center of rotation and avoid-metion interference. Straight
circular flexible joints were optimized to_reduce skin.pressure and peak traction. A
single-tendon drive architecture was designed, using medical polyester thread as the
transmission medium and equipped with'a palm platform with adjustable buckles to
achieve adaptive traction force ‘adjustment to'meet the needs of different rehabilitation
stages.

Based on the D-H theory, an exoskeleton kinematic model was established.
MATLAB simulations were used ‘to verify the rationality of the index fingertip
workspace and confirm that its motion trajectory conformed to the physiological range
of the human finger. Passive training experiments were conducted, confirming that the
pre-defined criteria were met.

This flexible rehabilitation exoskeleton finger boasts a simple structure, strong
adaptability, safety, and comfort. It can effectively assist patients with finger motor
dysfunction in passive rehabilitation training, laying the foundation for clinical
rehabilitation applications.

Keywords : Finger motor dysfunction, traction force regulation ,segmented

opening actuator, 3D printing
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