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BACKGROUND 
Spaceflight is known to result in a variety of physiological changes such as: reduced bone density, muscle loss, and 
changes in brain white matter microstructure. An often-overlooked system is the urinary system and the formation of 
renal stones due to excessively high salt content. Specifically, stones formed of Calcium Oxalate (CaOx) tend to 
result due to prolonged microgravity environments due to Calcium leached from the bone 
(https://www.nature.com/articles/s41526-021-00187-z). Additionally, the growth of nanobacteria could play a role in 
stone formation (https://www.kidney-international.org/article/S0085-2538(15)50483-3/fulltext). Preventing renal 
stones form a formation via a scheduled fluid intake chart is the current gold standard. Within the last 5 years, 14 US 
astronauts have had kidney stones once returned to Earth. Long-term, fluid management may not be feasible for 
long-term microgravity missions such as missions to Mars or establishing bases on the Earth’s moon. 

 
PROBLEM DESCRIPTION 
NASA in partnership with Texas A&M University Biomedical Engineering needs a system, device, or method to 
successfully mitigate renal stone formation and/or provide onboard treatment options for renal stones.  The assigned 
team must consider the physiology of microgravity, limited power supplies, environmental constraints, and biological 
waste generation. Ideally, the team produces a method or device that could be used with other biological systems 
(such as blood contacting) to minimize the replication of similar medical devices in the space environment (considering 
weight constraints). Further, the team may consider preventing Calcium loss from bones which currently is the main 
culprit of stone formation. 
 
DELIVERABLES 
At the completion of this project the team should provide specific design specifications for a device/system/method, 
a full Bill of Materials (to include weight, single-use vs multi-use, sterilization), a microgravity testing plan, testing 
procedures for both animal and human testing, a proof-of-concept prototype, and the regulatory pathway per FDA 
regulation. 
 
DESIGN TEAM PROFILE 

NASA MENTORS: Bara Reyna 
LEVEL: UPPER DIVISION [SR] 

MAJOR / DISCIPLINES: BMEN, Multidisciplinary 
TEAMS: Mentor will accept one team 

DURATION: Two Semesters 
 


