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Abstract 
Biodegradable polymers have been widely used to 

provide a three dimensional structure that can be used 

to regenerate tissue. This research provides a novel 

modelling framework to predict the mechanical 

properties and the degradation rate of biodegradable 

tissue engineering scaffolds, specifically poly (lactic-co-

glycolic) acid (PLGA). 

 

1. Introduction 
Scaffolding plays a critical rule in tissue engineering. 

Fast degradation negatively affects cell viability and 

migration into the scaffold due to the acidic effect of 

degradation products. It may also cause failure of the 

scaffold to occur before the tissue formation. Therefore, 

an appropriate degradation rate and mechanical 

integrity are required during the degradation and 

healing of the tissue. The specific aims of this work are 

to utilise a modelling framework to simulate the 

degradation of PLGA films with different thicknesses 

and a range of PLGA tissue engineering scaffolds in 

order to assess their degradation behaviour and the 

mechanical performance.  
 

2. Methods 
The degradation mechanism of the polymer was 

demonstrated to be molecular weight reduction by 

implementing a reaction-diffusion model [1] using 

COMSOL Multiphysics® v4.3b. The relationship 

between the Young’s modulus and the molecular 

weight of the polymer was determined using an entropy 

based-model [2] implemented in MATLAB. The 

developed model framework was first calibrated based 

on the experimental data for in-vitro degradation of a 

PLGA film [3]; then it was used to predict the 

molecular weight and the reduction in Young’s 

modulus for  PLGA films of different thicknesses and 

for a range of PLGA scaffolds. Three scaffold micro-

structure models with different architectures were used. 

The effect of the size and architecture of the scaffold on 

the molecular weight degradation and the Young’s 

modulus were studied. 
 

3. Results 
Figure 1 shows the normalised 𝑀𝑛 (normalised over 

volume of the scaffold) and the effective elastic 

modulus of different scaffolds compared with the solid 

cube. It was observed that the scaffolds with different 

architectures (but the same strut size) resulted in the 

same rate of degradation. However, the results showed 

a wide range of effective Young’s modulus values. The 

scaffold C had the most compliant structure while the 

scaffold A had the stiffest one. All the scaffolds 

appeared to collapse at approximately the same time (13 

days - indicated by the red dashed line in the figure). 

 

 
 

Figure 1: Comparison of the (a) normalised 

number average molecular weight (𝐌𝐧) and (b) 

effective modulus (𝐄𝐞𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞) for a PLGA solid cube 

and different scaffolds with the strut sizes of 0.5 mm.  
 

4. Discussion and conclusion 
This study demonstrates the importance of the size 

of the scaffold strut on the rate of the scaffold 

degradation. It is demonstrated that the concentration of 

ester bonds and the corresponding molecular weight of 

the scaffold are larger for the scaffolds with smaller 

strut sizes. In contrast, the architecture of the scaffold 

does not have a significant influence on the degradation 

rate. 

The present study elucidates the relationship 

between strut size, scaffold architecture, and the 

stiffness during degradation. The strut size governs the 

rate of reduction in stiffness of the scaffold and 

different scaffold architectures with the same strut size 

collapse at the same time. However, it should be noted 

that the initial stiffness of the scaffold is strongly 

influenced by the architecture.  
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