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Ultrasound and Lipid-coated Microbubbles for Bone Tissue Engineering on 3D printed Scaffolds
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Every year, roughly 6 million people are admitted into hospitals with bone related injuries or diseases, and that 
number is expected to rise. Current therapies are costly and inefficient making new therapeutic interventions 
desired. 3D printing tissue engineering methods have been shown to be promising strategies with the ability to 
create patient specific tissue constructs the patient’s stem cells. Ultrasound has been shown to enhance bone 
healing through all stages. Gas-filled microbubbles encapsulated with lipids and other surfactants are highly 
responsive to ultrasound, which has led to their effective role as ultrasound contrast agents. In this study, we 
used lipid-coated microbubbles (MB) prepared in-house to better harness the beneficial effects of ultrasound 
stimulation on proliferation and osteogenic differentiation of human mesenchymal stem cells (MSCs) within 
3D printed poly(lactic acid) (PLA) scaffold. A significant increase in cell number (p<0.001) was observed 
with low intensity pulsed ultrasound (LIPUS) treatment in the presence of 0.5 % (v/v) MB after 1, 3 and 5 
days of culture on scaffolds. MSC proliferation was also enhanced up to 12% after 5 days of culture in 
presence of MB and LIPUS while this value was only 6% when excited with LIPUS alone. Our 3-week 
osteogenic differentiation results demonstrated that combining LIPUS with MB significantly enhanced both 
Alkaline Phosphatase Activity and extracellular calcium depositon. Alkaline Phosphatase Activity increased 
up to 25% after three weeks when treated with LIPUS with MB. Calcium Deposition increased up to 10% 
after three weeks when treated with LIPUS and MB, and only 6% with LIPUS alone.  Therefore, integrating 
LIPUS and MB appears to be a promising strategy for enhanced MSC growth and chondrogenic and 
osteogenic differentiation for potential tissue engineering and regeneration therapies.


