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Abstract

In this study, a 3D-printed artificial meniscus was developed to mimic the structure,
mechanical properties, and biochemistry of the human meniscus. A dual-nozzle 3D printing
technique was employed to fabricate the meniscus from polycaprolactone/
nanohydroxyapatite (PCL/HA) and hydrogels. Two specialized hydrogels were used as
bioinks: gelatin methacrylate (GelMA) for the outer zone, mimicking a fibrogenic environment
and poly(vinyl alcohol) grafted with ¢lycidyl methacrylate and silk fibroin grafted with
glycidyl methacrylate (PVA-g-GMA/SF-g-GMA) for the inner zone, replicating a chondrogenic
environment. In addition, the 3D-printed PCL/HA/hydrogel was seeded with fibroblasts in
the outer zone and human chondrogenic progenitor cells in the inner zone. This research
successfully produced a 3D-printed construct composed of PCL/HA/hydrogel that closely
mimics the anatomical structure, mechanical properties, and biochemical organization of
the human meniscus. The 3D-printed PCL/HA/hydrogel demonstrated mechanical properties
with the outer zone achieving compressive strength of 20.67 MPa and tensile strength of
7.78 MPa, while the inner zone exhibited compressive strength of 21.26 MPa and tensile
strength of 8.05 MPa. Both zones maintained a porosity of 34% and exhibited high surface
wettability, with contact angles of 82.33° for the outer zone and 37° for the inner zone. The
composite materials exhibited excellent biocompatibility, with cell viability exceeding 90%.
The PCL/HA/GelMA hydrogel showed the highest level of type | collagen (COL1A1)
expression, while the PCL/HA/PVA-g-GMA/SF-g-GMA exhibited the highest levels of type |l
collagen (COL2A1), aggrecan (ACAN), and SRY-box transcription factor 9 (SOX9) expression
after 28 days of cell culture, indicating the presence of a fibroblast-like outer region and a
chondrocyte-like inner region in the anatomical meniscus. These results confirm that the
construct replicates the essential characteristics of the human meniscus, providing a

promising solution for enhanced meniscal replacement.



