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Summary: The major challenge and also the main opportunity of cartilage tissue engineering is to
recreate in vitro the depth dependent nanostructural organization of the fibrous collagen network
that comprises the native cartilaginous tissue. In fact, the fibre size and orientation rearrangement
of the cartilage natural extracellular matrix progresses from perpendicular to the subchondral
bone surface in the deepest zone, to random in the middle zone and to parallel in the superficial
region, leading to anatomically and functionally complementary features that are responsible
for the biochemical and mechanical properties of this tissue. Though the encouraging results of
both fibrous and porous scaffolds during the past few years, none of the followed methodologies
is currently capable of guaranteeing an optimal balance between biological features, mechanical
properties and suitable topographic cues.

Thus, in this study, with the purpose of accurately recreating each cartilaginous zone, we purpose
a versatile design and fabrication strategy involving the combination of different electrospinning
set ups that are sequentially used to control the size and alignment of the Polycaprolactone (PCL)
fibres towards a 3D structure. In this way, we were able to adapt the methodology in order to
develop alternative fibrous scaffolds with distinct anisotropy properties capable of offering singular
mechanical and topographic characteristics and therefore theoretically influence cell behaviour
differentially. The morphology of the 3D electrospun scaffolds together with their individual fibrous
zones were analysed via SEM and their mechanical properties were evaluated via static and dynamic
(via a bioreactor) compressive and tensile tests.

The results confirmed that although the mechanical and swelling properties of the electrospun
scaffolds are related with the specific anisotropic organization used in each design, all the scaffolds
show compatible features for cartilage cell culture protocols and therefore the potential of being used
as alternative enhanced cellular microenvironments capable of promoting cartilage regeneration
using different pathways.
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