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A MAGNETIC RESONANCE IMAGER FOR THE INTERNATIONAL SPACE STATION

Abstract

A complete understanding of the physiological changes that occur during long-duration spaceflight,
and of the countermeasures needed to stop those changes, remains elusive. A primary reason for that
lack of basic knowledge is the very limited amount of in-flight physiological data available. The ability to
image astronauts frequently, during their mission, with a magnetic resonance imager (MRI) would provide
a wealth of information, especially of the musculoskeletal system, that could be used to solve the problem
of keeping them fit and healthy on long spaceflights. MRI would provide information about not only
bone and muscle mass but it would also provide information about bone and muscle strength and muscle
metabolic efficiency using imaging protocols that have been developed for the study of athletes and of the
osteoporosis population on Earth. Using technology that has recently been developed and is currently
undergoing development, it is possible to build a whole body “Compact MRI” that can fit within the
mass and space envelope of an International Space Station (ISS) International Standard Payload Rack
(ISPR). The new technology is composed of two critical pieces: 1. an RF image encoding system, the
“TRASE” RF system, and 2. light-weight Halbach magnet designs that additionally produce no magnetic
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field external to the magnet. The TRASE RF system eliminates the need for heavy, power-consuming,
electromagnet gradient magnetic field coils. The elimination of the magnetic gradients leads to an MRI
design that is simple from the hardware point of view and will therefore be robust and reliable. With
modest funding, the ISS MRI could be functional in about 5 years. Beyond the ISS, the Compact MRI
will provide the basis for the development of MRI for solar system wide medical care. On Earth, the
development of the Compact MRI promises to have a significant impact on worldwide healthcare delivery
by making portable MRI available to populations that otherwise could not afford MRI or who would
otherwise have to wait in long queues for an MRI exam. On the Moon, Mars, Phobos, Deimos and the
many other destinations of interest to our descendants, derivatives of the Compact MRI will provide both
medical diagnostic capability and a tool for basic research on physiological adaptation to the hypogravity
of those distant worlds.
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