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Abstract

Background: Lower limb orthotics can help the elderly and young people with pain and lesions in
the lower legs walk more smoothly and safely. Orthotics using mechanical knee joints on the market
have single functions and limited indications which cannot meet the needs of most elderly people
and patients. Lower limb orthotics using smart knees are effective but at the same time expensive.
Objective: To design a simple, reliable, and widely adaptable mechanical knee joint. Methods: Inves-
tigating mechanical knee joint products to understand the role, indications, and failure modes of
different types of mechanical knee joint principles in gait. According to the anatomical character-
istics of the human knee joint, the mechanical knee joint is designed based on the anatomical
characteristics of the human body, motion biomechanics, movement disorders of the user’s lower
legs, and mechanical principles by taking the advantage of the four-link’s relatively instantaneous
rotation center varying. Results: Compared with the existing mechanical knee joint products on
the market, the four-link mechanical knee joint can better meet the needs of the elderly, people
with lower leg pain and instability. Compared with the smart knee joint products on the market,
the four-link knee joint, which is cost-effective and can be used by most people in need, can control
lower legs movements in the support phase and swing phase. Conclusion: The four-link mechanical
knee joint can be widely used in batch assembly to improve the quality of life of patients.
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Figure 1. The main indications of lower limb orthotics
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Figure 2. The classification of lower limb orthotics in mechanical knee
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Figure 3. Diagram of the hydraulic damping cylinder compression stroke feedback resistance
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Figure 4. Diagram of the practical teaching system of automation major
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Figure 5. The position of the instantaneous center of
rotation trajectory of the tibia of the human knee rela-
tive to the anatomical structure
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Figure 7. A motorized exoskeleton that improves crouching gait
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