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INTRODUCTION:Therapeutic tissue engineering 
represents a means of ameliorating the increasing 
incidence of degeneration and damage to tissue. 
Mathematical modelling may have an important 
role in elucidating cell mechanisms, and 
identifying key parameters by which a therapeutic 
device or procedure could be improved.  

At the same time, mathematical modelling of tissue 
growth and function is problematic because it 
involves complex phenomena occurring over 
different length scales, from the organism scale (of 
order 0.1 m and greater) down to the sub-cellular 
scale (of order 1 mμ  and less). Lemon et al ([3]) 
formulate a porous flow mixture theory for the 
mathematical modelling of in vitro tissue growth, 
and gives an application of this theory to tissue 
engineering. 

An important advance towards synthesising 
engineering tissue has been the introduction and 
development of porous biodegradable polymer 
scaffolds, which provide a structure on which cells 
adhere, proliferate and migrate. Lemon and King 
([4]) analyses travelling-wave behaviour in a 
recently-formulated multiphase model ([3]) for the 
growth of biological tissue that comprises motile 
cells and water inside a porous scaffold.  

The vital sources for the success of tissue 
engineering are the oxygen and nutrient transport 
to cells. If oxygen concentrations attain low levels, 
cell proliferation ceases and cell viability begins to 
break down. Indeed, under hypoxic conditions 
(that is in low oxygen concentration conditions), 
cells convert glucose to lactic acid and necrosis 
begins to occur. If the oxygen supply is limited to 
the exterior of a scaffold, it is well known that the 
oxygen levels within a tissue construct quickly 
reach hypoxic levels. When cells are seeded 
uniformly throughout the scaffold, then the cells 
near the oxygen source consume oxygen and 
proliferate; consequently, the cells distant from the 
source are quickly become non-uniform and varies 
throughout the scaffold; large hypoxic regions 
persist over long times. 

A mathematical model of oxygen concentrations 
and cell proliferation inside a scaffold is an 
important tool in assessing and planning tissue 
engineering outcomes. Croll et al. ([1]) developed 
a model of the oxygen diffusion and cell density in 

the in vivo arteriovenous (A-V) loop chamber. The 
cells’ oxygen consumption was defined by 
Michaelis-Menten kinetics.  

In this study, we investigate a mathematical model 
defined by a system of partial differential 
equations (similar to the model introduced by 
Landman and Cai ([2]) governing the oxygen 
transport and cell proliferation and migration 
inside a scaffold, when oxygen source is given by 
a moving vascularisation front. We extend the 
work of Croll et al. ([1]) and Landman and Cai 
([2]) by choosing different functional forms, other 
than the linear and Michaelis-Menten functions to 
describe the proliferation rate of the cells. We are 
interested in our numerical simulations to identify 
the hypoxic regions inside the seeded scaffold. In 
this model, we formally define a hypoxic region to 
be a region where concentration falls below a 
hypoxic threshold. 
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