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Tissue engineering (TE) requires a mechanically stable,
biocompatible and biodegradable scaffold that allows cell adhesion,
cell proliferation, cell specific properties preservation, and suitable
for surgical implantations [1,2]. Therefore, fabricated TE scaffold
should mimic the biomechanical properties of the organ or tissue to be
regenerated. To meet such requirements, development of appropriate
3D TE scaffold remains a great challenge in terms of modelling, design
and fabrication. From a design standpoint, the scaffold geometry
should be produced directly from the image of the patient’s defective
organ, and simulate the biomechanical properties of the organ to be
reconstructed. For example, the bone and cartilage tissue scaffolds
usually require complex architecture, porosity, pore size, pore shape
and interconnectivity in order to provide the needed structural
integrity, strength, transport and ideal micro-environment for cell
and tissue in growth [3]. Subsequently, the fabrication process that
can build scaffolds from a range of biomaterials will be at a premium
to create patient-specific scaffold. However, such materials must have
the fundamental clinical approval for in vivo implantation. Rapid
prototyping (RP) is an automated manufacturing process that can
develop 3D scaffold by sequential delivery of energy and/or material,
simulating the anatomy and properties of the tissue or organ to be
regenerated [4-6]. The 3D scaffolds fabricated via various RP systems
demonstrated the biocompatibility for TE applications [6,7].

The development of scaffold using slow-degrading polymers like,
poly (e-caprolactone) (PCL) involves the need of long-term in vitro
and in vivo studies [8]. Accelerated in vitro degradation experiment
aims to achieve comparable degradation profile within a short period
of time that saves time and ultimately financial resources, compared
to the standard in vivo conditions. Though degradation study of
biodegradable polymers is known to be widely explored, little detailed
information is available regarding the effect of scaffold architecture on
degradation kinetics. This current study focuses on the investigation of
the in vitro degradation of PCL scaffolds with multiple architectures in
5M NaOH solution at 37°C. The PCL scaffolds with single- and hybrid-
designs were fabricated via in-house built desktop robot based rapid
prototyping (DRBRP) system [9] for the experiments. The hybrid-
design integrates two or more lay-down patterns in the same scaffold
unit, whereas the single-design scaffold consists of only one specific lay-
down pattern. The degraded PCL scaffolds were analyzed by means of
differential scanning calorimeter (DSC), thermo gravimetric analyzer
(TGA), scanning electron microscope (SEM), and densimeter. The
degradation study demonstrated that both single- and hybrid-design
PCL scaffolds realized homogeneous hydrolytic degradation via surface
erosion resulting in a consistent and predictable mass loss. However, the
architectural variation (i.e. single- or hybrid-design) did not influence
the degradation kinetics. In vitro cell culture study was also conducted
on single- and hybrid-design PCL scaffolds using osteoprogenitor
cells. SEM and confocal laser microscopy (CLM) showed significant
cell attachment, proliferation, and extracellular matrix formation on
the surface as well as inside the structure of both types (single- and
hybrid-design) of scaffolds. However, the hybrid-design scaffolds
exhibited better performance in cell culture study than the single-

design scaffolds. Overall, the characterization results suggest that the
hybrid-design scaffolds offer better optimized properties that could be
of great value for regenerative therapies.
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