
Editorial

Received 31 March 2023; revised 26 May 2023 and 20 June 2023; accepted 20 June 2023. Date of publication 29 August 2023;
date of current version 7 September 2023.

Digital Object Identifier 10.1109/OJEMB.2023.3309591

Introduction to the Special Section on
Healthcare for Space, Space for Healthcare

The International Space Station (ISS) has been critical in
increasing our understanding of space exploration and health-
care during the last two decades. As the only long-lasting
microgravity laboratory in space, the ISS has provided a
unique environment for researchers to conduct experiments
that would be impossible on Earth. These discoveries have
aided astronauts in staying healthy in space and have resulted
in new treatments and therapies for humans on Earth. With
more services dependent on space assets and the public’s
inclusion in commercial human spaceflight, new prospects
in healthcare are emerging, and space is becoming the next
frontier in our quest for improved health.

The Special Section of the IEEE OPEN JOURNAL OF ENGI-
NEERING IN MEDICINE AND BIOLOGY, entitled “Healthcare for
Space, Space for Healthcare,” is devoted to exploring health-
care’s broad and interdisciplinary nature and its connection to
space. It aims to raise awareness of the numerous educational,
research, and technical opportunities that emerge from inves-
tigating the reciprocal impact of space on healthcare and vice
versa. “Healthcare for Space” encompasses health-related ini-
tiatives to study human health in space or on Earth. These
initiatives can be conducted in space, transferred to space,
or designed specifically for space. Space medicine and space
biology are two scientific areas that match the “Healthcare for
Space” theme. “Space for Healthcare” refers to health-related
activities that utilise space assets, advancements in space tech-
nology, or simulations of specific characteristics of the space
environment to study human health on Earth or in space.
Research areas such as disaster management, public health,
and ground space research are encompassed within this theme.
This Special Section highlights recent efforts and encourages
innovation in this dynamic field. By documenting the latest
advancements and promoting collaboration between different
research fields, it strives to enhance our understanding of
human health in space and on Earth.

Medical innovation in spaceflight is critical for guarantee-
ing astronaut safety and well-being and promoting health-
care innovation on Earth. The challenges posed by space
operations directly impact the development of medical tech-
nology and practices, making space exploration a significant
catalyst for medical innovation [A1]. This impact will be
further amplified by upcoming government-led human ex-
ploration programs on the Moon, as the retirement of the
ISS and the establishment of new space infrastructure drive
innovation to ensure the long-term sustainability of human

activities beyond Low Earth Orbit (LEO) [A1]. During space-
flight, it is imperative to establish and maintain healthcare
capabilities throughout the mission. Presently, space medicine
operations rely on terrestrial support for managing medi-
cal events aboard the ISS. However, as we venture beyond
LEO in future missions, the crew themselves will increas-
ingly assume responsibility for onboard medical care. Conse-
quently, there is a growing need to develop advanced medical
capabilities that empower crew members to independently
manage their health without relying solely on support from
Earth [A2].

Digital technology holds great promise for providing
advanced care during space missions. For example, tele-
pharmacy services, facilitated by digital platforms for tele-
assistance and pharmaceutical teleconsulting, are expanding
and have intriguing applications for spaceflight [A3]. Other
technologies, such as exergames and virtual reality, have the
potential to promote psychological and psychosocial health by
immersing astronauts in stimulating surroundings and scenar-
ios [A4]. Furthermore, biomedical hardware originally devel-
oped for terrestrial applications has the potential to be utilised
in space environments. For example, Ishikita invented a min-
imally invasive sputum aspiration device during the coron-
avirus public health emergency and has been approved as a
Class I medical device in Japan [A5]. While such a device
could help advance astronaut care during future operations,
regulatory protocols may still be necessary to ensure its com-
patibility with spaceflight. Seyedmadani et al. emphasised
the importance of rigorous regulatory processes to prove the
compatibility of biomedical instrumentation with spaceflight
[A6]. It is crucial to align new space preventive measures, cre-
ated independently of governmental techniques, with existing
regulations and best practices [A6].

Ground-based technologies and facilities are employed to
test novel technologies and gain new insights into physio-
logical effects under fractional Earth gravity. Berengueres et
al. hypothesised that adding sound transparency to a space
suit prototype improves cognitive performance and that aug-
menting and processing environmental sounds may lead to
establishing novel countermeasures for surface exploration
activities [A7]. Then, Song et al. investigated human brain ac-
tivity in an aqueous environment that replicated Moon gravity
to explore the cortical area involved in maintaining balance
in low gravity [A8]. Nevertheless, access to ground facili-
ties for conducting such experiments presents challenges that
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necessitate updates in terms of accessibility and cost reduc-
tion. These efforts are crucial to encourage broader partici-
pation in research and development, supporting forthcoming
human activities beyond LEO. To boost the impact of terres-
trial space research and access to space biology and astrobiol-
ogy, Chu et al. created the EuniceScope, a low-cost reconfig-
urable 3D-printed microscope [A9]. This device democratises
astrobiology, mainly for educational purposes, highlighting
the significant need to modernise ground-based microgravity-
simulating platforms.

In alignment with the aforementioned requirements for
improvement, there is a pressing need to advance the legal
framework that bridges the domains of healthcare and space.
Specifically, attention should be given to the provision of
space medicine on the ground. Zhou et al. focused on Canada
and emphasised the significance of updating legal healthcare
support frameworks to match the rising demand for local
physicians to provide space healthcare [A10]. As space explo-
ration and research continue to evolve, it is essential to ensure
that healthcare innovation and regulation keep pace with these
developments.

Overall, the intersection of medical innovation and space
exploration has significant implications for healthcare on
Earth, as well as for advancing our understanding of hu-
man physiology and developing new technologies to improve
healthcare delivery in space. The potential benefits of space-
based healthcare innovations are significant and continually
evolving. As technology advances, new opportunities that
could transform healthcare on Earth and in space will arise.
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Aerospace Medical Association
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