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Boundary condition: 
z=0:   ;0=u 0=== −+ JJJ w  

z=h:   0σσ −= ; ∗
= ww εε ; ∗++ = εε ; ∗−− = εε  

where 0σ  is the applied constant stress. 
 
Biphasic curve fit 
 The resultant triphasic creep curve was fitted by the following 
biphasic equation to obtain the apparent biphasic permeability kapp and 
aggregate modulus HA [2], 



































 +
−

+
−= ∑

∞

=

t
h

nkH

nHh
tu appA

nA

o
2

22

0 2
2

)
2
1(

exp
)

2
1(

121)( π

π
σ . (9) 

 
RESULTS AND DISCUSSION 
 The following physiologically realistic parameters for cartilage 
were used in our numerical simulations: 

0.15MPa0 =∗c , 0.4MPa2 =+ µλ , sm105.0 29−+ ×=D , 

sm108.0 29−− ×=D , 87.0 ,82.00 =wφ , .45mEq/ml0~00 =fc , 
MPa028.00 =σ , mm1=h . The triphasic permeability was 

determined by the following equation: nswa )( φφκ = , where 
a =0.00339 nm2, n =3.236 and κ  is Darcy permeability [6].  
 Figure 2 shows the creep behaviors of cartilage as a function of 
FCD.  The tissue becomes stiffer with increasing FCD.  Curve-ftting 
of these results to equation (9) resulted in the apparent permeability as 
a function of FCD, see Figure 3.  The apparent biphasic permeability 
in Figure 3 was normalized by the permeability value at cf = 
0.1mEq/ml (φo

w = 0.87).  With increasing FCD, the tissue appears less 
permeable.  For lower water content, the effect of FCD on apparent 
permeability is not as significant as for higher water content.  The 
experimental results for cartilage permeability [7] were also plotted in 
Figure 3 for comparison.  Note that in these experimental results, both 
effects of water content and FCD were included [7].  From Figure 3, 
one could see that a small variation in porosity could cause significant 
change in permeability.  Thus, the water content plays a more 
important role in permeability than the FCD for cartilage tissues. 
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Figure 1. Schematic of a confined creep test. 
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Figure 2. Triphasic creep curve at different FCDs 
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Figure 3. Effects of porosity and FCD on permeability 

z 

h 

0 

0σ  

∗
0c  

0σ  

σ  u 

t t 


