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Synthetic hydrogels are widely studied as model systems in soft matter and biomaterials 
because of their high water content, potential biocompatibility and tunable mechanical 
properties. In vivo, type I collagen constitutes the main component of the extracellular matrix 
(ECM), where it fulfills structural and biochemical functions. [1] Collagen's ability to self-
assemble into a complex network of fibrils and to respond to mechanical signals makes it a 
relevant model to study the interplay between structure and mechanical behavior. [2] 
 
This study focuses on developing collagen hydrogels produced by in vitro extrusion as 
simplified biological matrices. This method allows control over fibrillation and induces fibril 
alignment during filament formation. [3] The aim is to create well-defined filaments that mimic 
key ECM features and to investigate how their microstructure and physico-chemical 
environment affect their mechanical responses. 
 
Despite being mostly composed of water, without chemical crosslinking, these collagen 
filaments exhibit remarkable mechanical performance. Their behavior combines poroelastic 
and viscoelastic characteristics, reflecting the coupling between fluid transport and collagen 
network dynamics. [4] Supramolecular interactions between collagen fibrils enable stress-
induced structural rearrangements, allowing the network to remodel under mechanical 
loading. Taking advantage of this intrinsic adaptability, the hydrogel filaments were 
mechanically conditioned to tune and enhance their mechanical properties. This work 
highlights how processing-induced architecture and supramolecular interactions govern the 
mechanical behavior of collagen-based networks. 
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