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Implantable Collagen sponges as Drug 
Delivery Scaffolds in Spinal Surgery 
 
Balance between bone growth and 
adverse diffusion effects 
 
Porous sponge as scaffold for 
Osteoblast growth 
 
Fluid shear mediates biological effects 
 
Model release of scaffold-bound growth 
factor 
 
Model convection and diffusion 



   

Coupled Governing Equations 

Rate Equations 





Cellular Parameters 

Sudo, H.; Kodama, H. et al, J Cell Biol, Volume 96, pp. 191-98 



Diffusion Assay for D1,2  





Reactor Design Schematic 

Porous Phase 
Diam: 8 mm 
Length: 6 mm 
Vol: 255.4 μL 

Quartered Geometry 

Total Reactor Vol: 
        305.2 μL 



Simulation Parameters 

Parameter Value 

Mesh 
Elements 

10,790 

Av Solution 
Time (min) 

71  

Iterative 
Solver 

Biconjugate 
Gradient 
Stability 

Preconditioner Incomplete LU 

Simulation 
Length (hr) 

18 

Step 30 min 



Animation 



Simulation Results 



Simulation Results 


