
Mechanisms of Drug Release from Hydrogels in Medical Applications 79

by the rate of polymer relaxation occurring as solvent imbibes the system. The 
boundary between the polymer and solvent begins to transition from a glassy solid 
state, in which the drug molecules are immobile, to that of a rubbery more flexible 
state permitting diffusion of entrapped molecules. As relaxation occurs drug can begin 
to diffuse towards the external media. This process is illustrated in Fig. 3, comparing 
the stationary boundary present in diffusion dominant systems, with that of the moving 
boundary present in swellable polymers. 

Table 1. Stating the diffusion exponent values describing drug release mechanisms in correlation with 
sample geometries.

Diffusion exponent (n)
Planar Cylindrical Spherical Transport mechanism

0.5 0.45 0.43 Fickian
0.5 < n < 1 0.45 < n < 0.89 0.43 < n < 0.85 Anomalous

1 0.89 0.85 Case II (Swelling)

Fig. 3. Stationary boundary in diffusion controlled swellable devices compared with the moving boundary 
present in swelling controlled devices (Lee 2011).

Solute diffuses outwards 
after swelling is 
maximized. The boundary 
of the diffusion front, 
where solute encounters 
surrounding media, 
remains in the same 
position. Solute must 
travel further to reach 
this interface as drug is 
depleted.

Solvent must diffuse 
inwards causing the 
polymer to swell. Solute 
release rate is minimal 
in comparison to the 
rate of solvent uptake. 
The diffusion front 
between formulation 
and media continues 
to move relative to time 
and solvent penetration 
continues until there is 
uniform swelling.
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