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Fig.1 The etiology of low back pain during space flight or simulated microgravity
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Table 1 Summary of management strategies, functions and mechanisms during space flight or simulated microgravity
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Abstract It has been demonstrated that long-term space flights have a significantly greater impact on the
cardiovascular, skeletal, and nervous systems of astronauts. The structural and functional alterations in the skeletal
and muscular systems resulting from exposure to weightlessness can lead to the development of low back pain,
significantly impairing the ability of astronauts to perform tasks and respond to emergencies. Both space flight

and simulated microgravity have been shown to result in low back pain among astronauts, with the following
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factors identified as primary contributors to this phenomenon. The occurrence of intervertebral disc (IVD) edema
results in the stimulation of type IV mechanoreceptors, which subsequently activate nociceptive afferents. The
protrusion of an IVD causes compression of the spinal nerve roots. Furthermore, the elongation of the vertebral
column and/or the diminished lumbar curvature of the spine exert traction on the dorsal root nerves. Paravertebral
muscle degeneration leads to the inhibition of decreased nociceptive activity of the wide-dynamic range neurons
of the spinal dorsal horn. Moreover, endogenous pain descending facilitation triggered by conditioning stimulation
can be enhanced via the thalamic mediodorsal nuclei, while endogenous pain descending inhibition triggered by
conditioning stimulation can be weakened via the thalamic ventromedial nuclei. Psychological factors may
contribute to the development of low back pain. The mechanisms governing the generation, maintenance, and
alleviation of low back pain in weightlessness differ from those observed in normal gravitational environments.
This presents a significant challenge for space medicine research. Therefore, the elucidation of the occurrence and
development mechanism of low back pain in weightlessness is important for the prevention and treatment during
space flight. To reduce the incidence of low back pain during long-term missions on the space station, astronauts
may choose to wear specialized space clothing that can provide axial physiological loads, designed to stimulate
both musculature and skeletal structures, mitigating potential increases in vertebral column length, diminished
lumbar curvature, and intervertebral disc edema and/or muscular atrophy. Additionally, assuming a “fetal tuck
position” described as the knees to chest position may increase lumbar IVD hydrostatic pressure, subsequently
reducing disc volume, rectifying diminished lumbar curvature, and alleviating dorsal root nerve tensions.
Moreover, this position may reduce type IV mechanoreceptor facilitation and nerve impulse propagation from the
sinuvertebral nerves of the annulus fibrosus. Elongated posterior soft tissues (apophyseal joint capsules and
ligaments) with spinal flexion may potentially stimulate type I and II mechanoreceptors. It is also recommended
to exercise the paraspinal muscles to prevent and alleviate the decrease in their cross-sectional area and maintain
their structure and function. Photobiomodulation has been proved to be an effective means of activating the pain
descending inhibition pathway of the central nervous system. In addition, astronauts should be encouraged to
participate in mission-related activities and strive to avoid psychological problems caused by the long-term
confinement in a small space station. The article presents a concise review of potential causes and targeted
treatment strategies for low back pain induced by space flight or simulated microgravity in recent years. Its
objective is to further elucidate the mechanisms underlying the occurrence and development of low back pain in
weightless environments while providing scientific evidence to inform the development of guidelines for

preventing, treating, and rehabilitating low back pain during long-term space flights.
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