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Advanced 3D Printed Microcarriers for 
Bioreactor Cell Culture

Upscaled cell culturing of adherent cells is typically conducted in bioreactors. These systems consist of tanks 
fi lled with cell medium that is stirred, where cells adhere to microcarriers. However, there is a risk of cell damage 
due to collisions or shear stresses in these systems. This new approach for fabricating microcarriers utilizes high-
resolution 3D printing, allowing for the creation of designs that protect the cells and facilitate easy harvesting.
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background
Traditional methods for culturing adherent cells in 
plasticware face limitations for upscaling. Stirred tank 
bioreactors, which off er better surface-to-volume ratios 
and continuous monitoring of key parameters, are 
preferred. These systems can range from hundreds of 
millilitres to thousands of litres. They utilize microcarriers 
(MCs) that provide surfaces for cell adhesion and 
growth, suspended in the bioreactor with agitation from 
impellers to facilitate nutrient exchange and prevent 
sedimentation. Conventional MCs, typically 50-500 
micrometres in diameter, encounter challenges like 
collisions and shear stress, which can damage cells or 
alter their phenotype. Further, effi  cient cell harvesting is 
crucial, particularly for high-value applications such as 
expanding patient-specifi c and stem cells for therapy.

technology
Existing MCs typically off er only a basic surface for cell 
adhesion or have random pore sizes and connectivity due 
to mass production methods. However, high-resolution 
3D printing enables the creation of optimized MCs with 
innovative designs that overcome current limitations. 
Advanced MC designs can minimize shear stress, protect 
cells from damage during collisions, while also increasing 
the available surface area for cell attachment. Additionally, 
to facilitate easy cell harvesting, MCs can be enhanced 
by using biodegradable materials and incorporating 
designed breaking points that allow for the controlled 
decomposition of the MC without harming the cells.

potential applications
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development status
TRL 2

benefi ts
• Improved cell expansion yield 
• Easier cell harvesting due to advanced materials
• Customizable microcarrier (MC) design 
• High reproducibility and control over MC design
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Figures: high-resolution allows to create MCs with advanced designs such as (A) MCs that align with the fl ow in the bioreactor thereby protecting cells from shear stress and collisions (FDM 
results, courtesy Dr. B. Haddadi, E166, TU Wien); (B)-(C) To ensure safe and easy cell harvesting, a dedicated breaking point (blue) for MC decomposition can be incorporated into the design. 


