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Abstract

The hip-knee integrated prosthesis is a lower-limb assistive device designed for individuals with
hip disarticulation amputations, aiming to restore natural gait and enhance mobility across diverse
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environments. However, conventional hip disarticulation prostheses typically employ independently
driven hip and knee joints, resulting in inadequate motion coordination, which adversely affects gait
stability and energy transfer efficiency. To optimize the coordinated movement of the hip and knee
joints and overcome the limitations of existing designs, this study proposes a novel hip-knee inte-
grated prosthesis. Its core innovation lies in the implementation of a continuously variable transmis-
sion mechanism, enabling coordinated hip-knee motion driven by a single power source, along with
an integrated adaptive leg-length adjustment mechanism to accommodate anatomical variations in
leg length among amputees. The structural design of the hip-knee integrated prosthesis and finite
element analysis of critical components were conducted using SolidWorks. Kinematic simulations
were subsequently performed using ADAMS software. The results demonstrate that the proposed de-
sign effectively achieves continuous, coordinated motion of the hip and knee joints, significantly en-
hancing motion coordination and gait naturalness. This research provides essential theoretical foun-
dations and technical support for the biomimetic design and motion optimization of lower-limb pros-
theses, offering positive implications for improving rehabilitation outcomes and quality of life for am-
putees.
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Figure 1. Variation of hip and knee joint angles during normal walking and division of gait cycle events
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Figure 2. Integrated hip-knee prosthesis overall structure
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Figure 3. Hip-knee coordinated transmission principle and transmission structure
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Table 1. Key parameters of the transmission system
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Figure 4. Four-bar linkage hip joint
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Figure 5. Four-bar linkage knee joint
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Figure 6. Simplified diagram of the variable speed module structure
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Figure 7. Stress variation cloud diagram of key components
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Figure 8. Angle comparison variation diagram of the knee joint at different speeds
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Figure 9. Theoretical and simulation angle fitting effect diagram of the knee joint
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