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                    Abstract

The supply of oxygen to proliferating cells within a scaffold is a key factor for the successful building of new tissue in soft tissue engineering applications. A recent in vivo model, where an arteriovenous loop is placed in a scaffold, allows a vascularising network to form within a scaffold, establishing an oxygen source within, rather than external, to the scaffold. A one-dimensional model of oxygen concentration, cell proliferation and cell migration inside such a vascularising scaffold is developed and investigated. In addition, a vascularisation model is presented, which supports a vascularisation front which moves at a constant speed. The effects of vascular growth, homogenous and heterogenous seeding, diffusion of cells and critical hypoxic oxygen concentration are considered. For homogenous seeding, a relationship between the speed of the vascular front and a parameter defining the rate of oxygen diffusion relative to the rate of oxygen consumption determines whether a hypoxic region exists at some time. In particular, an estimate of the length of time that a fixed point in the scaffold will remain under hypoxic conditions is determined. For heterogenous seeding, a Fisher-like travelling wave of cells is established behind the vascular front. These findings provide a fundamental understanding of the important interplay between the parameters and allows for a theoretical assessment of a seeding strategy in a vascularising scaffold.




                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A comparative study of oxygen diffusion in tissue engineering scaffolds
                                        
                                    

                                    
                                        Article
                                        
                                         14 July 2014
                                    

                                

                                T. Fiedler, I. V. Belova, … A. R. Boccaccini

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Coupling curvature-dependent and shear stress-stimulated neotissue growth in dynamic bioreactor cultures: a 3D computational model of a complete scaffold
                                        
                                    

                                    
                                        Article
                                        
                                         12 January 2016
                                    

                                

                                Y. Guyot, I. Papantoniou, … L. Geris

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effects of Elasticity on Cell Proliferation in a Tissue-Engineering Scaffold Pore
                                        
                                    

                                    
                                        Article
                                        
                                         24 February 2023
                                    

                                

                                Carlyn Annunziata, Haniyeh Fattahpour, … Pejman Sanaei

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	
Agrawal, C.M., Ray, R.B., 2001. Biodegradable polymeric scaffolds for musculoskeletal tissue engineering. J. Biomed. Mater. Res. 55, 141–50.

Article 
    
                    Google Scholar 
                

	
Balding, D., McElwain, D.L.S., 1985. A mathematical model of tumour-induced capillary growth. J. Theor. Biol. 114, 53–3.

Article 
    
                    Google Scholar 
                

	
Boutilier, R.G., St-Pierre, J., 2000. Surviving hypoxia without really dying. Comp. Biochem. Physiol. Molecular Integr. Physiol. 126, 481–90.

Article 
    
                    Google Scholar 
                

	
Cassell, O.C.S., Morrison, W.A., Messina, A., Penington, A.J., Thompson, E.W., Stevens, G.W., Perera, J.M., Kleinman, H.D., Hurley, J.V., Romeo, R., Knight, K.R., 2001. The influence of extracellular matrix on the generation of vascularized, engineered, transplantable tissue. Ann. New York Acad. Sci. 944, 429–42.

Article 
    
                    Google Scholar 
                

	
Croll, T.I., Gentz, S., Müller, K., Davison, M., O’Connor, A.J., Stevens, G.W., Cooper-White, J., 2005. Modelling oxygen diffusion and cell growth in a porous, vascularising scaffold for soft tissue engineering applications. Chem. Eng. Sci. 60, 4924–934.

Article 
    
                    Google Scholar 
                

	
Edelstein, L., 1982. The propagation of fungal colonies: a model for tissue growth. J. Theor. Biol. 98, 679–01.

Article 
    MathSciNet 
    
                    Google Scholar 
                

	
Galban, C.J., Locke, B.R., 1997. Analysis of cell growth in a polymer scaffold using a moving boundary approach. Biotechnol. Bioeng. 56, 422–32.

Article 
    
                    Google Scholar 
                

	
Galban, C.J., Locke, B.R., 1999a. Analysis of cell growth kinetics and substrate diffusion in a polymer scaffold. Biotechnol. Bioeng. 65, 121–32.

Article 
    
                    Google Scholar 
                

	
Galban, C.J., Locke, B.R., 1999b. Effects of spatial variation of cells and nutrient and product concentrations coupled with product inhibition on cell growth in a polymer scaffold. Biotechnol. Bioeng. 64, 633–43.

Article 
    
                    Google Scholar 
                

	
Hasirci, V., Berthiaume, F., Bondre, S.P., Gresser, J.D., Trantolo, D.J., Toner, M., Wise, D.L., 2001. Expression of liver-specic functions by rat hepatocytes seededin treatedpoly (lactic-co-glycolic) acid biodegradable foams. Tissue Eng. 7, 385–94.

Article 
    
                    Google Scholar 
                

	
Kellner, K., Liebsch, G., Klimant, I., Wolfbeis, O.S., Blunk, T., Schulz, M.B., Göpferich, A., 2002. Determination of oxygen gradients in engineered tissue using a fluorescent sensor. Biotechnol. Bioeng. 80, 73–3.

Article 
    
                    Google Scholar 
                

	
Langer, R., Vacanti, J.P., 1993. Tissue engineering. Science 260, 920–26.

Article 
    
                    Google Scholar 
                

	
Lewis, M.C., MacArthur, B.D., Malda, J., Pettet, G., Please, C.P., 2005. Heterogeneous proliferation within engineered cartilaginous tissue: the role of oxygen tension. Biotechnol. Bioeng. 91, 607–15.

Article 
    
                    Google Scholar 
                

	
Malda, J., Woodfield, T.B.F., van der Vloodt, F., Kooy, F.K., Martens, D.E., Tramper, J., van der Blitterswijk, C.A., Riesle, J., 2004. The effect of PEGT/PBT scaffold architecture on oxygen gradients in tissue engineered cartilaginous constructs. Biomaterials 25, 5773–780.

Article 
    
                    Google Scholar 
                

	
Murray, J.D., 2002. Mathematical Biology, vol. 1, 3rd edn. Springer, New York.

MATH 
    
                    Google Scholar 
                

	
Patrick, C.W., 2000. Adipose tissue engineering: the future of breast and soft tissue reconstruction following tumor resection. Sem. Surg. Oncol. 19, 302–11.

Article 
    
                    Google Scholar 
                

	
Patrick, C.W., 2001. Tissue engineering strategies for adipose tissue repair. Anat. Rec. 263, 361–66.

Article 
    
                    Google Scholar 
                

	
Pettet, G.J., Byrne, H.M., McElwain, D.L.S., Norbury, J., 1996a. A model of wound-healing angiogenesis in soft tissue. Math. Biosci. 136, 35–3.

Article 
    MATH 
    
                    Google Scholar 
                

	
Pettet, G.J., Chaplain, M.A.J., McElwain, D.L.S., Byrne, H.M., 1996b. On the role of angiogenesis in wound-healing. Proc. Roy. Soc. Lond. B 263, 1487–493.

Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Mathematics and Statistics, University of Melbourne, Victoria, 3010, Australia
Kerry A. Landman & Anna Q. Cai


Authors	Kerry A. LandmanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Anna Q. CaiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Kerry A. Landman.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Landman, K.A., Cai, A.Q. Cell Proliferation and Oxygen Diffusion in a Vascularising Scaffold.
                    Bull. Math. Biol. 69, 2405–2428 (2007). https://doi.org/10.1007/s11538-007-9225-x
Download citation
	Received: 26 October 2006

	Accepted: 25 April 2007

	Published: 07 June 2007

	Issue Date: October 2007

	DOI: https://doi.org/10.1007/s11538-007-9225-x


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Cell migration
	Proliferation
	Oxygen transport
	Vascular
	Scaffold
	Tissue engineering








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					50.19.159.160
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    