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Creep Release Properties and Theoretical Models of Hydrogel for

Artificial Joint Lubrication
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Abstract: Aiming at the problems of difficult quantitative supply of the lubricant in artificial
joint, resulting in serious wear of prosthesis surface a method for supplying and preserving joint
lubricant by using hydrogel to simulate the structure of articular capsule is proposed, experimen-
tal exploration and theoretical verification are carried out. Firstly, the hyaluronic acid agar hy-
drogel is prepared, and the unconfined compression creep release test is carried out in the saline
immersion environment. The relationship curves between creep volume, medium release and
pressure are obtained, and the conversion formula between creep volume and medium release is
obtained. Then, based on the structure and properties of hydrogels, a constitutive model of cou-
pled diffusion and large deformation theory is established. under the given pressure condition, the

creep curve of hydrogel can be obtained through the model. Finally, the release rate of gel medi-
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um can be deduced from the transformation formula obtained from the experiment. A finite ele-

ment inverse method technology combining the test results with the finite element modeling and

optimization method is used to obtain the material parameters of the experimental sample, which

are used to simulate the creep behavior under different pressures, the results show that the creep

release volume of hyaluronic acid agar hydrogel under constant pressure is proportional to the

creep volume. Under the given pressure and action time, the coupled diffusion and large deforma-

tion theoretical models can quantitatively predict the release quantity of hyaluronic acid agar hy-

drogel within the permissible range of error. The research results can provide references for fu-

ture hydrogel as artificial joint capsule for quantitative lubrication of artificial joints.

Keywords: artificial joint; lubricant fluid; creep release of hydrogel; finite element method
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Fig. 1 Hydrogel articular capsule structure
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Fig. 2 Unconfined compression creep slow release

experimental device
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Fig. 3 30 min creep test strain time curve
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Fig. 4 Strain curve of continuous compression relief test
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Fig. 5 Creep release mechanism of hydrogel
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compression test
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Fig. 7 Creep strain slow release mass diagram
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Fig. 8 Fenics finite element process
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