
Scientific Paper: 

 

 

 
 
Front. Bioeng. Biotechnol. (2023) 11:1111316 
 

O2-sensitive microcavity arrays: A new platform for oxygen 
measurements in 3D cell cultures 
 

Christoph Grün1, Jana Pfeifer1, Gregor Liebsch2, Eric Gottwald1 
1Institute of Functional Interfaces, Karlsruhe Institute of Technology, Karlsruhe, Germany 
2PreSens Precision Sensing GmbH, Regensburg, Germany 
 
 

Abstract:   
 
Oxygen concentration plays a crucial role in (3D) cell culture. However, the oxygen content in vitro is usually 
not comparable to the in vivo situation, which is partly due to the fact that most experiments are performed 
under ambient atmosphere supplemented with 5% CO2, which can lead to hyperoxia. Cultivation under 
physiological conditions is necessary, but also fails to have suitable measurement methods, especially in 3D 
cell culture. Current oxygen measurement methods rely on global oxygen measurements (dish or well) and can 
only be performed in 2D cultures. In this paper, we describe a system that allows the determination of oxygen in 
3D cell culture, especially in the microenvironment of single spheroids/organoids. For this purpose, 
microthermoforming was used to generate microcavity arrays from oxygensensitive  polymer films. In these 
oxygen-sensitive microcavity arrays (sensor arrays), spheroids cannot only be generated but also cultivated 
further. In initial experiments we could show that the system is able to perform mitochondrial stress tests in 
spheroid cultures to characterize mitochondrial respiration in 3D. Thus, with the help of sensor arrays, it is 
possible to determine oxygen label-free and in real-time in the immediate microenvironment of spheroid 
cultures for the first time. 
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