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Introduction: Bioresorbable polymers used in 
orthopaedic fixation devices usually have a high degree of 
crystallinity to ensure enough mechanical properties. 
During the process of biodegradation, hydrolysis reaction 
leads to the cleavage of the polymer chains. The chain 
cleavage not only reduces the average molecular weight 
of the amorphous polymer but also provides the 
amorphous polymer chains with extra mobility to 
crystallise. The reduction in the average molecular weight 
and increase in the degree of crystallinity during 
biodegradation leads to a complicated behaviour in the 
corresponding change in the mechanical properties. This 
paper presents a mathematical model for the simultaneous 
crystallization and degradation. 
The Model: The biodegradation is modeled using a set of 
simplified reaction-diffusion equations. These equations 
are coupled with crystallization in the simple sense that 
crystallization further reduces the concentration of the 
ester bounds of the amorphous phase, in addition to the 
hydrolysis reaction. The cleavage induced crystallization 
is modeled using the classical Avrami theory with two 
modifications: (a) a nucleation site can only become 
active if a chain cleavage occurs nearby and (b) an 
impingement factor is introduced following existing work 
in the literature. The crystallization model is therefore 
coupled with the degradation model through the 
nucleation rate equation. Detailed derivation is beyond the 
scope of this abstract but the above assumptions lead to 
the following set of equations for the simultaneous 
crystallization and degradation: 
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in which eC  is the concentration of ester bounds, mC  the 
concentration of monomers, cX  the volume degree of 
crystallinity, extX  the extended volume degree of 
crystallinity, R the concentration of hydrolysis reaction 
product, N the concentration of nucleation sites for 
crystallization, and V the volume of a single crystal that is 
nucleated at time τ. The model contains following 
material parameters: D - the effective diffusion coefficient 
for monomer diffusion, which depends on the porosity 
(due to monomers diffusing out) and the degree of 

crystallinity; 1k  and 2k  - the rate constants for the non-
autocatalytic and autocatalytic hydrolysis reactions 
respectively; λ -  the impingement factor; ξ  - the 

probability of formation of crystal nuclei; and An - 
Avogadro’ number. Eqs (1-3) govern the degradation, 
while Eqs. (4-6) govern the crystallization.  
Model Validation: The predictions of the governing 
equations are compared with the degradation data 
obtained by Tsuji and his co-workers. Fig 1 shows one of 
the comparisons that has not been published anywhere 
before. Saha and Tsuji (Saha SK, Tsuji H. Reactive & 
Functional Polymers. 2006;66:1362-1372) studied the 
effect of rapid crystallization on the degradation of 
poly(L-lactide-co-ε-caprolactone). They measured the 
degree of crystallinity, average molecular weight and 
weight loss as functions of time using thin films in 
phosphate-buffered solution over a period of 25 weeks. 
Fig 1 shows the comparison between the model 
predictions and their experimental data.   
 

 
Figure 1. Comparison between the model prediction and 

the experimental data obtained by Saha and Tsuji 
 

Conclusions:  It can be clearly observed from Fig 1 that 
the mathematical model can capture the complicated 
interplay between crystallization, hydrolysis reaction, and 
monomer diffusion very well. The model has also been 
compared with much longer term data of degradation 
(over 36 months) which can be found in the reference 
papers.  
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