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Statement of Purpose: Electrospinning technology has 
been used for the fabrication of tissue-engineered 
scaffolds because of its ability to mimic the nano-scaled 
geometry and topology of extracellular matrix (ECM) 
structures1,2. The nano-scaled structure of the electrospun 
scaffolds can support cell adhesion and guide their 
behavior. Although electrospun nanofiber scaffolds fulfill 
many requirements for tissue engineering applications, 
they often lack the necessary mechanical properties. The 
objective of this study was to improve the mechanical 
properties of the electrospun scaffolds while maintaining 
the structural stability, gross appearance, porosity, and 
fiber diameter. In this study we used electrospinning 
technology to fabricate a poly(ε-caprolactone) (PCL) 
scaffold, which is biodegradable and highly elastic. We 
investigated the feasibility of using thermal treatment to 
enhance the mechanical properties of the electrospun PCL 
scaffolds. 

Methods: Electrospun scaffolds were fabricated using 
poly(ε-caprolactone) (PCL) as the synthetic 
biodegradable polymer. Briefly the PCL was dissolved in 
HFP at total concentrations ranging from 3-10% (wt/vol). 
The PCL solution was electrospun using a high voltage 
power supply at 20 kV potential between the solution tip 
and the grounded surface. The solution was delivered 
with through an 18 1/2 gauge needle attached to a 5 mL 
syringe at a flow rate of 3.0 mL/hr. Fibers were collected 
onto a grounded mandrel system at a distance of 10 cm 
from the syringe tip. To enhance the mechanical 
properties of electrospun PCL scaffolds, fibers were 
bonded by thermal treatment. The thermal treatment was 
performed in Pluronic F127 solution at a range of 
temperature from 54°C to 60°C. The thermally treated 
electrospun PCL scaffolds were characterized by 
analyzing the changes in morphology, fiber diameter, 
pore area and measuring the mechanical properties such 
as tensile properties, suture retention strength, burst 
pressure strength, and compliance. 

Fig. 1. (a,c) Percentage of maintaining dimension of electrospun 
PCL scaffolds after thermal treatment using different medium. 

(b,d) The gross appearance of the scaffold in water (right) and 
Pluronic solution (left).

Results: The electrospun PCL scaffolds showed fiber 
diameters of approximately 600 nm with randomly 
orientated fibers. The mechanical properties of the 
thermally treated electrospun scaffolds were significantly 
increased (P < 0.05) without any gross observable and 
ultrastructural changes when compared to untreated PCL 
scaffolds (Fig. 1 and Fig. 2).  
Cell adhesion and proliferation on the scaffold did not 
show significant differences between thermally treated 
and untreated PCL scaffolds. This indicates that thermal 
treatment with Pluronic F127 did not induce changes of 
surface characteristics. 

Fig. 2. SEM images of electrospun PCL scaffolds; (a, b) control 
(no treatment) and (c, d) thermally bonded at 55°C. (a,c) ×4.0K 
and (b,d) ×12.0K magnifications 
 
Conclusions:  We have developed a thermal treatment 
method to enhance the mechanical properties of 
electrospun PCL scaffolds, optimized the processing of 
thermal treatment, and performed mechanical testing to 
evaluate mechanical properties. The thermally treated 
PCL scaffolds possesses adequate tensile properties, 
suture retention strength, burst pressure strength. 
Moreover, this processing does not induce any 
morphological and/or ultrastructural changes, and it does 
not change gross appearance, fiber diameter, or porosity 
of the scaffolds. This approach can enhance the 
mechanical properties of all electrospun products, 
including vascular scaffolds, and may be an important 
new technique for creating grafts that demonstrate greater 
success on implantation. 
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