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3D Bioreactor for Tendon and Ligament-on-a-Chip:
A Platform for Dynamic Tissue Modeling

A next-generation bioreactor that recreates the complex biomechanical and cellular environment of tendons and 
ligaments. This organ-on-a-chip system supports 3D tissue formation, cyclic loading, and fluid perfusion, enabling 

realistic disease modeling and dynamic drug testing with high reproducibility and reduced reliance on animal models.

Tendon modeling | ligament regeneration | mechanobiology | organ-on-a-chip | 3D tissue | drug screening | 
microfluidics | fibrosis | biomechanics

background
Musculoskeletal disorders, particularly tendon and 
ligament injuries, are rising in an aging and active 
population, costing billions annually. Yet current 
models fall short in replicating the dynamic mechanical 
and cellular environment needed to study disease 
progression or test treatments effectively. Existing 
systems often lack physiologically relevant loading 
or cross-talk with immune and synovial cells. This 
limits the discovery of effective therapies and the 
understanding of pathophysiology.

technology
This patented technology combines a stretchable, 
microfluidic organ-on-a-chip platform with a motor-
driven uniaxial bioreactor to mimic the mechanical 
and biochemical environment of human tendons and 
ligaments. Cells embedded in hydrogel are anchored 
between pillars that are cyclically stretched at 
physiologically relevant frequencies (0.1–4.5 Hz) and 
strains (up to 28.5%). The biochip features integrated 
media reservoirs, immune cell infusion capability, and 
high-resolution control of mechanical inputs. It supports 
parallel testing and allows direct modeling of extra- and 
intra-synovial tendon/ligament disorders under dynamic 
conditions.

potential applications
Drug discovery, tendon/ligament pathology research, 
fibrosis modeling, personalized medicine

development status
TRL 4
Tested with human and equine cells; shows realistic 
gene expression and mechanics.

benefits
•	 Simulates native tendon/ligament strain (up to 

28.5%)
•	 Models inflammation and cell–matrix dynamics in 3D
•	 Enables dynamic drug testing with fewer animal 

models
•	 Scalable for parallel experiments
•	 Integrated fluid and immune control

inventors
Mario Rothbauer, Florien Jenner, Peter Ertl, Iris Gerner, 
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options
Available for cooperation/license agreement.
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Fig.:Biomimetic tendon-on-a-chip platform simulates mechanical loading and tissue 
architecture in vitro


