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There is an increasing demand for products made from renewable and sustainable based resources. 

Cellulose, the most abundant polymer on Earth, is renewable, biocompatible, biodegradable, 

mechanically strong as well as non-toxic. Owing to its hierarchical structure, nanoparticles can be 

extracted using top-down approaches with added advantages of high specific area, rheological 

properties, surface modifications, liquid crystalline behavior, and optical properties. These properties 

have made nanocellulose an attractive material for biomedical applications especially in the form of 

scaffolds and implants1. When used as reinforcements in hydrogel inks the rigid cellulose nanocrystals 

(CNCs) offer higher solid loadings at a given viscosity as compared to semi crystalline entangled 

cellulose nanofibers (CNFs). Furthermore, nanocellulose possess inherent shear thinning property 

together with the ability to form hydrogels even at relatively low concentrations (1-2 wt%) which are 

favorable properties required for 3-Dimensional (3D) printing. This versatile additive manufacturing 

technique has the ability to fabricate customized and complex geometries with controlled micro as 

well as macro dimensions with high reproducibility rate. This technique can be extend to 3D 

bioprinting, where patient specific cells can be introduced to 3D printed scaffolds which reduces the 

infection, rejection rate, inflammation and recovery time2. In addition, the shear induce alignment of 

CNCs can be used to create 3D constructs having preferred orientation and enhanced stiffness along 

the printing direction3 and the surface charges of modified CNFs can be used for in-situ growth of 

functional materials4.  

 

In our studies, 3D printing was used to fabricate fully bio-based scaffolds of a double crosslinked 

interpenetrating polymer network (IPN) from a hydrogel ink of sodium alginate and gelatin reinforced 

with cellulose nanocrystals (CNCs). The hydrogel ink was printed into 2D and 3D porous scaffolds to 

have a variety of pore structures. As there is no definite pore sizes that can be considered as a 

benchmark for cartilage regeneration applications, so scaffolds with gradient porosity are also 3D 

printed so that they can provide an ideal platform for tissue ingrowth, nutrient supply as well as 

facilitate cell attachment and provide mechanical strength. The pore sizes are in the range of 80-2080 

µm and 195-2382 µm in the wet and freeze-dried states respectively. The directionality studies showed 

that degree of orientation varies between 61-76 % depending on the point of measurement within the 

3D construct5. The interesting part of this study was the flexibility of the system. With some 

optimization of ink composition, our 3D printed scaffolds were adjusted to fulfill the porosity and 

mechanical requirements needed for cartilage regeneration applications. The scaffolds showed pore 

range of 110-1100 μm and compression modulus was in the range of 0.20 - 0.45 MPa when tested in 

simulated in-vivo conditions (in distilled water at 37 °C)6. This work demonstrates that the consistency 

of the ink can be controlled by the concentration of the precursors while the porosity can be  controlled  

by  the  3D  printing process and both  of  these  factors  in  return  defines  the mechanical  properties  
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of  the  3D  printed porous  hydrogel scaffold. This process method can therefore be used to fabricate 

structurally and compositionally customized scaffolds according to the specific needs of patients.  

 

 
Figure 1 Overview of 3D printed scaffolds. 

 

Table 1 Porosity and compressive data for 3D printed scaffolds.  
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