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The vertebral bodies and flexible intervertebral discs are important, weight-bearing tissues that have adapted to
gravitational stress. Consequently, the absence of gravitational axial loads during exposure to microgravity likely
disrupts normal spine physiology. Throughout longer space flight missions, deconditioning of the intervertebral discs
and spinal muscles poses a serious injury risk upon re-exposure to upright posture in a gravitational environment. We
will use state-of-the-art technologies to quantify morphology, biochemistry, and kinematics of spines (including the
vertebrae, intervertebral discs, and spinal muscles) of rats at defined time points as described in the NASA research
announcement. After successful completion of our investigation, we will deliver a comprehensive database of simulated
microgravity-induced spinal adaptations (type and magnitude). The overarching goal of these proposed studies are to
develop a long-duration space flight ground based model of spine function and structure. In addition, this research
project will afford the opportunity to examine possible gender differences in spinal structure and function. Our research
group is in a unique position to leverage our past rodent space flight experience on STS-131, STS-133, STS-135, and
BION M-1 missions and directly compare to this ground based model of simulated microgravity. Moreover, we are also
uniquely positioned to compare this 90-days hindlimb suspension model to those changes that occur in our currently
funded project to test crew members before and after 6-month International Space Station (ISS) missions. Our project
directly addresses Critical Path Roadmap Risks and Questions regarding disc injury (IRP Gap-B4): Is damage to joint
structure, intervertebral discs, or ligaments incurred during or following microgravity exposure? Our research will
improve understanding of the underlying pathophysiology of spinal deconditioning induced by simulated microgravity,
and mechanisms of spinal adaptation following re-exposure to 1-G. Our long-term goal is to prevent such spinal
deconditioning with exercise or other physiologic countermeasures. The goal of this research is to comprehensively
characterize 90-days simulated space flight and recovery induced changes in spinal tissue morphology, biochemistry,
and biomechanics.

To our knowledge, this study is the first to examine the effects of 90-days simulated space flight on spinal
deconditioning in rats and to compare this model of simulated microgravity with actual space flight. The vertebral
bodies and flexible intervertebral discs are important, weight-bearing tissues that have adapted to gravitational stress.
Our research will aid understanding of spinal deconditioning during simulated microgravity and of the higher incidence
of disc prolapse or herniation following re-exposure to 1-G with a long-term view to prevent such spinal deconditioning
with exercise or other physiologic countermeasures. This research may aid understanding of spinal deconditioning
during inactivity such as after spinal cord injury and bed rest in human patients on Earth.

To date we have received 39 hind-limb suspension (HLS) spine samples. Currently, all 24 of the 90-day HLS and
90-day HLS + 28-day recovery samples have already been pCT scanned at 9 pm resolution. There are a total of 13
spines remaining to scan, which include samples in the 14-day and 28-day HLS groups.

An abstract titled “90-Days Simulated Spaceflight Impairs Quality of Rodent Lumbar Intervertebral Disc and Bone” was
presented at the Orthopaedic Research Society 2016 Annual Meeting in Orlando, FL. Data on the bone mineral density
(BMD) and intervertebral disc (IVD) height changes in the 90-day HLS group was reported. BMD analysis reported
significantly lower BMD in L1, L2, and L3 vertebral bodies compared to the weight-bearing controls (WC) (-20.6%,
p<0.0001). BMD in L4-L5 in the HLS group was 10.3% lower; however, these decreases were not statistically
significant. Overall, there was a 15.5% decrease in BMD in the HLS group compared to the WC group (p<0.0001). IVD
height analysis found significantly decreased IVD height at L5/6 and L6/S1 by 6.4% (p=0.0467). However, I[VD heights
from Th13/L1 to L4/5 tended to be lower by 4.9%; but this was not statistically significant (p=0.3031). Across all levels,
there was a 3.1% decrease in IVD height.

Currently, bone morphological analyses are underway. The analyses will yield measures such as percent bone volume,
trabecular separation, trabecular thickness, bone surface volume ratio, bone surface density, etc. Because of the large
dataset due to the high resolution scans, an optimized analysis method utilizing Ct-Analyser (Bruker, Kontich, Belgium)
and Matlab (Mathworks, Natick, MA) is currently being made.

Other tests such as biomechanics and histomorphology will be delayed due to the unexpected slow arrival of samples.
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