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Introduction 
The study of the synovial joints mechanism has recently become an active area of scientific 

research. The human joint is a dynamically loaded bearing [1, 2, 3] which employs articular 
cartilage as the bearing and synovial fluid as the lubricant. Once a fluid film is generated, 
squeeze-film action is capable of providing considerable protection to the cartilage surface. Such 
joints have a low friction coefficient and negligible wear. However, when the natural joints fail 
to function properly, a possible remedy is the replacement of these by artificial joints. 

During joint motion or when the cartilage is compressed, fluid content of the cartilage 
flows through the outermost layer of cartilage. The fluid flows back the moment the motion or 
compression is ceased. The moving fluid reduces friction and nourishes the blood vessel and 
cartilage. The human ankle joint can be simply taken as cylindrical [4], enabling rotation in the 
sagittal plane only. The joint is represented by two rigid circular cylinders in the inner contact (a 
cylinder encased in a cylindrical cavity), coated with thin layers of cartilage. The coupling 
model is assumed by two infinite rigid circular cylinders (subchondral bone) in the internal 
contact (a cylinder encased in a cylindrical cavity), covered with thin layer (articular cartilage) 
of uniform thickness; the lower (talar) articular surface is supposed stationary while the upper 
(tibial) surface is assumed to have pure squeeze motion )(tε� (Fig. 1). 

Fig. 1. a) Geometry of ankle joint. (1), (2)-Bone, (3)-cartilage layer, (4)-synovial fluid; 
b) Human ankle joint equivalent bearing

The long chain polysaccharide hyaluronic acid molecules present in the synovial fluid give 
us the motivation for modeling of the synovial fluid as a Stokes [3] couple-stress fluid.  

Making the usual assumptions of hydrodynamic lubrication applicable to thin films [6], and 
considering the flow of a viscous fluid in a porous matrix governed by modified Darcy’s law [3], 
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the modified Reynolds equation, considering the nomenclature in Table 1, written in a non-
dimensional form is: 

( ) ( )* * *
* * * 12, 12cos(1 )

p Hf h l  ∂ ∂ Φ + = θ  ∂θ ∂θ −α    
. (1) 

As regards the determination of the thickness of the fluid film can be estimated that the 
same can be assessed as the sum of a component linked to the geometry of the system and 
another related to the elastic deformation of the thin coating cartilage, namely: 

.g eh h h= + (2) 

Results and Conclusions 
This approach gives the advantage to obtain an analytical expression of the synovial 

pressure field and of the non-stationary fluid film force acting in the synovial joint during the 
squeeze motion in terms of couple-stress parameter, film thickness, porosity and soft 
deformation parameters. 

The calculated values for the pressure field and for the approximate fluid film force have 
been compared with those in [1, 2, 3] and they show a good agreement. 

Table 1. Main nomenclature 

e, ε Eccentricity, Eccentricity ratio h Synovial film thickness p, p* Pressure in the film region, Dimensionlesspressure 
R Effective radius curvature of the contact H Porous layer thickness θ Circumferentialcoordinate 
E Young’s modulus of the cartilage matrix l, l* Couple stress parameter, dimensionless couple stress parameter φ Permeability of thecartilage matrix 
L, L* 

Equivalent bearing length, Dimensionlessbearing length fr Synovial fluid film force µ Viscosity of synovialfluid 
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