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Abstract:
An in-vitro vascularization process of a 3D-printed scaffold 
with endothelial cells is a multi-step approach requiring tight 
control of growth parameters. Viable bone tissue implants 
depend on the large-size formation of homogeneously dis-
tributed blood vessels and microvascular networks even deep 
inside the scaffold. An effective vascularization process shall 
minimize supply gradients of oxygen, and nutrients and aims 
to remove metabolites to avoid its accumulation resulting in 
negative biological events at the core of the scaffold. One of 
the greatest challenges in engineering bone implants, there-
fore, has been the realization of high-quality vascularized bone 
scaffolds. Current commercially available bioreactors produce 
at inconsistent quality and require highly skilled operators to 
manage growth conditions, manually. Parameters such as the 
pH value, temperature, dissolved oxygen, nutrient concentra-
tion, cell viability, and biochemical and mechanical stimuli all 
play an important role in controlling the seeding of the scaf-
fold and its homogeneous vascularization in the bioreactor [1]. 
The perfusion bioreactor is the most promising type of reactor 
that is able to pump oxygen and nutrients directly through the 
scaffold [2]. However, achieving full automation and robust 
control of bone bioreactor processes and the continuous re-
al-time monitoring of essential in-vitro growth parameters are 
challenges inhibiting commercialization of tailored bone im-
plants to a reasonable price and quality. Diamond biosensors 
in a redundant multi-sensor approach exhibit low biofouling 
rates and show promising results in the in-situ monitoring of 
the bioprocess conditions for the full operation time of sin-
gle-use perfusion bioreactors [3, 4].
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