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Statement of Purpose: Bioscaffolds have been widely 
studied for tissue repair and regeneration.  One of the 
important requirements for bioscaffolds is to have sufficient 
mechanical properties, especially in bone repair 
applications.  Some studies have been performed on the 
mechanical properties in tensile and compression modes of 
various scaffolds fabricated using different combinations of 
materials and processes; however, the viscoelastic behaviour 
of these scaffolds have been less examined.  The 
viscoelasticity and mechanical properties of polymeric 
scaffolds are nonetheless very important to its performance 
as a scaffold for tissues.  In this study, the mechanical and 
viscoelastic properties of gas-foamed/ salt leached poly(ε-
caprolactone) (PCL) bioscaffolds were investigated. 
Methods: The gas-foaming/ salt leaching method is 
described in our previous study [1].  PCL (Lakeshore 
Biomaterials, Birmingham, Alabama) with particle sizes of 
less than 250 µm, and salt particles having one of three 
particle diameters, 53-106, 106-250, and 250-355 µm, were 
used.  For foaming, the samples were saturated with carbon 
dioxide at a pressure of 5.52 MPa for 24 hrs.  The salt was 
leached in a water bath for 72 hrs. 

The scaffolds were characterized for the physical, 
morphological, mechanical, and viscoelastic properties.  
Physical characterization includes relative density, ρ, and 
morphology was evaluated using scanning electron 
microscopy to measure pore diameter.  The modulus in 
compression of the solid material and the scaffolds were 
measured using a strain rate of 1 mm/min with an Instron 
Microtester (Norwood, Massachusetts).  For viscoelasticity, 
the storage modulus, E’, and tan delta were measured using 
a dynamic mechanical analyzer (TA Instruments, New 
Castle, Delaware).  A dynamic load of 1% strain was 
applied to the scaffold at an isothermal temperature of 37oC. 
Results: Under compression, the modulus for solid PCL in 
dry and wet conditions were 64 and 53 MPa, respectively, 
and the modulus of the scaffolds are compared in Figure 1.  
When wet and at 37oC, the scaffolds generally exhibited a 
lower modulus.  A decrease in density from 0.23 to 0.10 led 
to a significantly reduction in modulus.  The pore size of the 
scaffolds also affected the mechanical behaviour.  For 
scaffolds with low densities from 0.10 to 0.16, the medium 
pore diameter ranged between 106 and 250 µm produced 
the highest modulus, while the smallest pore size yielded the 
weakest scaffolds.  This behaviour is believed to be caused 
by the quality of the sintering of the polymer during the 
compression molding process.   

The storage modulus and tan delta over a range of 
frequencies of PCL solid samples and scaffolds are 
presented in Figure 2.  The storage modulus of solid PCL 
increased by nearly 50% with frequency as the material was 
stiffer with higher applied strain rates, and conversely, the 
tan delta decreased.  For scaffolds, at each step of increase 
in density from 0.10 to 0.14 and from 0.14 to 0.23, the 
storage modulus increased by nearly an order of magnitude, 

whereas the tan delta only slightly increased.  For the 
different pore sizes, scaffolds with the highest densities 
were compared, and a similar trend as the modulus in 
compression was observed, where with increasing pore 
diameter, the storage modulus increased due to the better 
sintering of the polymer. 
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Figure 1. Modulus in compression of PCL scaffolds. 
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Figure 2. E’ and tan δ (dash) of PCL scaffolds of different ρ. 
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Figure 3. E’ and tan δ (dash) of PCLscaffolds of different 

pore sizes. 
Conclusions:  The mechanical and viscoelastic properties of 
gas-foamed/ salt leached PCL scaffolds were investigated.  
Scaffold density and pore size had a significant effect in the 
mechanical properties.  When a dynamic load was applied, 
the scaffolds were stiffer at high frequencies.  Furthermore, 
in comparing scaffolds with different pore sizes, the storage 
modulus increased with increasing pore size.  
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