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Statement of Purpose Highly porous scaffolds are 
greatly preferred in tissue engineering because of their 
ability to provide the appropriate micro-structural, 
mechanical and environmental cues to encourage tissue 
regeneration. Specifically,  in bone tissue engineering, it 
is desirable to have highly permeable scaffolds for 2 
reasons: 1) for effective nutrient and waste transport 
within the architecture[1] and (2) because it effects the 
fluid flow and hence the shear stresses acting on cells, a 
mechanotransductory pathway that is important for 
inducing differentiation and functional adaptation in 
cells.[2]  As such, the ability to predict architecture based 
scaffold permeability in a non-destructive and 
experimentally would be of tremendous value.  In this 
study, micro computed tomography (CT) was 
demonstrated as a useful technique for predicting 
permeability of scaffolds with varying pore sizes. 
Methods: Porous interconnected bilayer hydroxyapatite 
(HA) scaffolds were prepared by template coating to 
mimic the organization of natural bone, with a cortical- 
like shell of pore size 200 or 250 μm, and a cancellous- 
like inner core of 250, 340 or 450 μm for a total 6 
combinations. Scaffold porosity was measured using 
pycnometry and permeability was calculated from a 
custom flow apparatus and applying Darcy’s Law. With 
n=6/group, samples were analyzed using micro CT for 9 
histomorphometric architectural parameters to determine 
variables affecting permeability.  Data was analyzed using 
a multiple regression model. The architectural parameters 
thus determined were incorporated into a predictive 
constitutive equation for scaffold permeability.   
Results: Representative micrographs of the 4 architecture 
types are shown in Fig 1. Porosity and the permeability of 
the combinations are shown in Fig 2. For comparison, the 
porosity of human trabecular bone ranges from 70-80% 
and the permeability ranges from 1e-8 m-2 to 1e-11 m-2 [2].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No significant differences were observed between groups 
for the 250 and 200 μm outer shell scaffolds with 
corresponding inner cores.  However, within groups, it 
was observed that for the same outer shell, each inner 
core design significantly change scaffold permeability 
(p<0.005).  No significant differences in porosity (~88%) 
were observed between all 6 designs. 
 
Of all the histomorphometric parameters, the trabecular 
spacing and scaffold to tissue volume ratio were seen to 
have the best individual correlations to scaffold 
permeability. These were used in a modified Gibson-
Ashby model for cellular solid based prediction 
estimating pore interconnection size by trabecular spacing 
and scaffold porosity by scaffold tissue volume ratio to 
generate a modified CT based constitutive model: 
 
Permeability = Constant x Trabecular Spacing x (Scaffold 
to Tissue Volume Ratio)3/2 

 

This model predicted permeability with an R2 = 0.89. 
 
Conclusions:  
It was concluded that hydroxyapatite architectures that 
mimicked the cortical-cancellous organization were 
generated with comparable permeability and porosity to 
trabecular bone.  Additionally, a constitutive CT based 
model was generated to predict scaffold permeability 
based on architecture. Scaffold to total volume and 
trabecular spacing were found to be most significant 
parameters influencing permeability. 
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Fig 1. Micro CT images of the (a-c) 250 μm and (d-
f) 200 μm pore size outer shell with (a,d) 
450, (b,e) 340 and (c,f) 250 μm pore size 
inner core bilayer scaffolds. 

Fig 2.  a) Permeability, and b) porosity of the scaffolds.


