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Program
Saturday, December 4, 2021
9:00

Welcome (Markus Braun/Jörn Rittweger, German Aerospace Center (DLR))

Session 1:
Chairs: Andreas Patzak (Charité University Berlin), Vera Abeln (German Sport University Cologne)
09:15 John Kennet (Salford University, UK):
HIFIm, High frequency impulse for microgravity exposure
09:30 Lukas Spahn (Charité University Berlin, Germany):
Influence of a fragrance on the quality of sleep
09:45 Sebastian Humbsch (German Aerospace Center (DLR), Cologne, Germany):
MALICoT – Quantitative analysis of endomysium and the effects of age and training state
10:00 Steffen Ringhof (University of Freiburg, Germany):
Human postural control during stumbling – stepping responses in partial gravity

10:15–10:30

Break

Session 2:
Chairs: Anja Niehoff (German Sport University Cologne), Joachim Fandrey (University of DuisburgEssen)
10:30 Nadja Djalal (University Hospital Erlangen & Friedrich-Alexander-University ErlangenNurnberg (FAU), Germany):
Urine concentration of cartilage degradation marker CTX-II is increased after six months on
the ISS
10:45 Constance Badali (German Sport University, Cologne, Germany):
Shades of gravity: the influence of different gravity levels on brain cortical activity
11:00 Tina Schönberger (University of Duisburg-Essen, Germany):
Inflammatory hypoxia in human leukocytes
11:15 Anna Hawliczek (Medical University of Graz, Austria):
Improving cardiopostural control with sinusoidal vibration to counteract orthostatic
intolerance – applications for geriatrics and returning astronauts
11:30 Carolin Möller (University Hospital Bonn, Germany):
Metabolomics of young and old muscle: Impacts of ageing on muscle metabolism
11:45 Horacio Sanchez-Trigo (University of Seville, Spain):
Differences in one-legged hopping biomechanics according to age and training status:
Results from the MALICoT study

12:00–12:45

Break
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Session 3:
Chairs: Bergita Ganse (Saarland University), Jens Jordan (German Aerospace Center (DLR))
12:45 Ge Tang (Ludwig-Maximilians-Universität München, Germany):
Ocular, retroorbital and intracranial structural associations with long-duration spaceflight
13:00 Alessa Boschert (German Aerospace Center (DLR), Cologne, Germany):
Internal to external cranial perfusion shifts during head down tilt
13:15 Margot Issertine (Université́ Libre de Bruxelles, LPHYS, Belgium; Montpellier Université,
Faculté des Sciences, France):
Cardiovascular deconditioning during the Artificial Gravity Bed Rest European Space Agency
(AGBRESA) study - Insights from 4D-Flow cardiac MRI
13:30 Moritz Eggelbusch (Vrije Universiteit Amsterdam, The Netherlands):
Nutrient overload and insulin resistance precede mitochondrial dysfunction during bed rest in
humans

13:45–14:30

Break

Session 4:
Chairs: Christoph Clemen (German Aerospace Center (DLR)), Gavin Travers (European Astronaut
Center)
14:30 Petra Wollseiffen (German Sport University, Cologne, Germany):
Shades of gravity – and their influence on brain blood flow
14:45 Borbala Tölgyesi (ELKH Research Centre for Natural Sciences, Budapest, Hungary):
NeuroGravity – effects of head down tilt bedrest and artificial gravity on neurocognitive
performance
15:00 Jonas Böcker (German Aerospace Center (DLR), Cologne, Germany):
Between-subject and within-subject variation of spaceflight-induced muscle atrophy and
bone loss
15:15 James Cowburn (University of Bath, UK):
Estimating muscle forces and adaptations during plyometric hopping in emulated hypogravity
15:30 Maren Dreiner (German Sport University, Cologne, Germany):
Response of serum concentration of cartilage biomarkers to 21-days of bed rest with exercise
and nutrition countermeasures
15:45 Invited Talk: Prof. Dr. Metin Tolan (President of the University of Göttingen; until spring
2021: Professor for Experimental Physics at TU Dortmund; science cabaret artist):
Shaken, not stirred! – James Bond in the spotlight of physics
17:00

Awards

17:15

Adjourn
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Human Physiology Workshop
Abstracts
1. HIFIm: High frequency impulse for microgravity exposure
John Kennett1, Paul Comfort1,2, Daniel Cleather3
1

Salford University, School of Health and Society, United Kingdom
Edith Cowan University, School of Medical and Health Sciences, Western Australia
3
St Mary’s University, School of Sport, Health and Applied Science, United Kingdom
2

Introduction: Decline in muscle mass and bone mineral density (BMD) is observed in ageing, disuse and
spaceflight. Ground reaction forces (GRF) associated with impact loading are considered key mechanical stimuli
for the musculoskeletal system but are reduced in microgravity (μG). In terrestrial gravity (1G) reactive jumping
provides impact force resulting in impulse loading (force x time) in excess of running, but as yet has not been
replicated in microgravity. The effectiveness of supine jumping as an exercise countermeasure (CM) has been
demonstrated by the European Space Agency (ESA) during long term bed rest (LTBR), the gold standard groundbased analogue of μG. Using a supine jump sled (SJS) during 60 days of LTBR, prevented the loss of lower leg
BMD, knee extension strength and VO2max, and preserved balance and locomotor function (Kramer et al., 2017a;
Kramer et al., 2017b). These findings suggest jumping could be both an effective and efficient form of exercise
CM, although the optimal stimulus for adaptation is unknown. In addition, the SJS design used in the ESA LTBR
study has not been tested in μG and is not optimal for future exploration missions due to its size and use of low
pressure cylinders Furthermore, it remains unknown if it is possible to prevent the significant forces associated
with plyometric exercise being transferred to the surrounding environment (vibration isolation), which is a key
requirement for any new exercise CM concept.
Methods: The ‘High Frequency Impulse for Microgravity’ is a novel SJS and may overcome the limitations of the
SJS design used in ESA’s LTBR study. Specifically, HIFIm’s employs a countermass system to reduce resultant
forces of repeated jumping to levels within the capabilities of standard aircraft vibration isolation systems,
significantly reducing the challenge of effectively isolating such forces. In contrast, HIFIm’s countermass system
produces high eccentric loading upon the user when jumping or hoping, compared to 1G vertical jumping,
because HIFIm “doubles” the individual’s effective mass, as their body weight is positioned on the moving upper
carriage, is balanced equally by mass balance weights on the lower moving carriage, that move precisely linearly
in opposite direction, and this mass balance doubles the mass of inertia the user must overcome when
jumping/hoping and affects the eccentric deceleration forces the user must overcome upon landing and
propulsive impulse (force x time) during repeated continuous jumping.
HIFIm is being tested on an ESA zero gravity PFC in October 2021 with UK Space Agency backing and EAC
support. The primary purpose of the PFC research project is to demonstrate the feasibility of using HIFIm in μG
during a PFC. In judging feasibility, we have two main criteria: firstly, that supine jumping using HIFIm is possible
in μG; and secondly, to confirm that force transmission between HIFIm and its mounting points is minimal during
operation in μG.
During this PFC HIFIm supine jumping will also be tested by a lower, single leg amputee, for HIFIm parastronaut
feasibility for μG.
Results: Finite Element Analysis and computer data modelling show that in optimal conditions, in 0g HIFIm
translating 470N linearly at 0.6 Hz will apply 15 N at each of the four base mounts. Post PFC results are hoped
to be presented during this presentation.
Conclusions: HIFIm is a strong multi-exercise CM contender, applying both high GRF and none GRF exercises,
targeting the musculoskeletal and cardiovascular systems whilst isolating load and vibration from supporting
structure. HIFIm is small volume and small mass; does not require electricity to operate, or use gas cylinders or
seals, which can fail; HIFIm is quick to set up and stop and has the potential to reduce astronaut daily exercise
time from 2 hours to between 10 and 30 minutes.
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2. Influence of a fragrance on the quality of sleep
Lukas Spahn1, Lisa Rosenblum1, Thomas Penzel1, Katharina Lederer1, Ingo Fietze1
1

Charité University, Interdisciplinary Center of Sleep Medicine, Germany

Introduction: The use of fragrances to optimize the sleeping environment is becoming more and more
important. New investigations show an improvement in sleep quality for lavender oils. The dose was usually
given before going to sleep or rhythmically during the night. The subject of this study was to examine to which
extent a continuous nightly exposure of a novel jasmine fragrance combined with lavender oil and passion flower
improves the subjective and objective quality of sleep.
Methods: We examined 30 sensitive sleepers, people with occasional problems falling asleep and staying
asleep (2-3 per week), in a randomized crossover design. The subjects slept four nights in a row in the sleep
laboratory and were examined by polysomnography. One night was for acclimatization, one night for sleep
with a placebo rose scent and two nights, one with a high concentration of jasmine fragrance (90%) and one
with a low concentration (10%). The fragrance was placed on the sleeping T-shirt at chest height. In addition,
the participants received standardized and special mood questionnaires in the morning and in the evening.
Results: The data analysis objectively showed a significant increase in sleep quality in the nights with fragrance
exposure compared to the next without fragrance. Both fragrance variants were accompanied by a reduction
in WASO (wake up time at night; wake after sleep onset) (p < 0.05). The continuous exposure of the fragrance
was well tolerated by all test subjects.
Conclusions: Influencing the room climate with a fragrance to improve the quality of sleep is feasible, tolerable
and effective and can also be a means of promoting sleep quality in extreme situations.
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3. MALICoT – Quantitative analysis of endomysium and the effects of age and
training state
Sebastian Humbsch1, Carolin Berwanger1, Yannick Lichterfeld1, Christoph Clemen1,2, Jörn Rittweger1,3
1

Institute of Aerospace Medicine, German Aerospace Center (DLR), Cologne, Germany
Institute of Biochemistry, University of Cologne, Cologne, Germany
3
Department of Pediatrics and Adolescent Medicine, University of Cologne, Cologne, Germany
2

Introduction: Skeletal muscle contains intramuscular connective tissue (IMCT), which is subdivided into
endomysium, perimysium, and epimysium. It is thought that IMCT helps to transmit forces and power from the
muscle to tendons. However, whilst a huge body of literature exists about the decline of muscle mass and
function with age, little is known about the IMCT. Given skeletal muscle’s plasticity and trainability, we
hypothesized, that endomysium is subject to adaptation with age and training state. Thus, the Master Athlete
laboratory study of intramuscular connective tissue (MALICoT) ventured to study endomysium in convenience
samples of young (20-35 years) and older (60-75 years) power-trained athletes versus young and older nonphysically active people. It was hypothesized that endomysium thickness is affected by age.
Methods: In total 43 healthy male participants were included into the study. Muscle samples were obtained
from the soleus muscle after local anesthesia and skin disinfection. Frozen, unfixed muscle biopsies were
sectioned at -20°C on a cryostat (Leica® CM 1850 UV). Antibodies anti-Laminin γ-1 at a dilution of 1:200 in
blocking solution and anti-Collagen IV at a dilution of 1:100 in blocking solution were applied. Images ware
been captured using the Zeiss Axio Iamger.M2 microscope with 40x oil objective (NA 0.8), and the integrated
Zeiss Zen software (version 3.4) was used for automatic analysis of muscle fibre data. These data were further
processed to yield means of fiber cross sectional area (CSA), endomysium-to-fibre-area ratio (EFAr), endomysiumto-fibre-number ratio (EFNr) and of endomysium thickness, using custom-made R-scripts. For statistical analyses
a linear model was used with age, training state and the interaction term as independent variables. The level of
statistical significance was set to 0.05.
Results: CSA depicted a main effect of age (P=0.047), but no effect was found for either training state or
interaction (P=0.33 and P=0.11, respectively), indicating that fiber size was by 20.7% larger in the older groups
than in the younger groups. No statistical effect was found for EFAr (all P>0.45). EFNr depicted a trend (P=0.07)
for age, but no effects for training state or interaction. Endomysium thickness depicted a trend (P=0.08) for age
and an interaction effect (P=0.04), but no main effect for training state (P=0.24).
Conclusion: In keeping with the primary hypothesis of the MALICoT study, endomysium thickness was affected
by age and training state, indicating age-related increases that are offset by training state. However, this is not
reflected by statistically significant effects in EFAr or EFNr, which could be due to the larger inter-individual
variability of these measures, and also due to the group differences in fibre CSA. This latter effect is in apparent
contradiction to the expected fibre atrophy at old age. It should be considered, therefore, that motoneurone
rarefication is another frequently accused mechanism of muscle wasting at old age.
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4. Human postural control during stumbling – stepping responses in partial
gravity
Steffen Ringhof1, Kathrin Freyler1, Janice Waldvogel1, Ramona Ritzmann2, Albert Gollhofer1
1
2

Department of Sport and Sport Science, University of Freiburg
Praxisklinik Rennbahn AG, Muttenz

Introduction: Regarding future space explorations to the Mars and Moon, the achievement of a controlled
posture in altered gravity conditions plays a significant role. The current state of research clearly indicates that
prolonged spaceflight leads to adaptations within the sensorimotor system associated with fundamental postural
dysfunctions (e.g., Massion et al., 1998). In particular, both timing and magnitude of postural reflexes involved
in postural stabilization is gravity-dependent indicating that the central nervous system is able to predict the level
of gravity and to integrate this information into the neural processes of balance control in upright posture with
feet-in-place (Ritzmann et al., 2019). Quality and speed of sensorimotor processing and adequate foot placement
are some of the key factors associated with success of regaining balance (Carty et al., 2012). However, whether
gravity alters the neuromechanics of balance recovery during step responses has not been previously
investigated. With this experiment, we filled this research gap and hypothesized that gravity affects stability limits
and thus the neuromechanics of balance control.
Methods: Differences between postural responses to perturbations in Earth gravity with those delivered in hypoand hyper-gravity were assessed during parabolic flights in ten healthy participants. The participants were
exposed to different modes and amplitudes of bilateral perturbations, which were elicited in random order:
anterior 10 cm, posterior 10 cm, posterior 24 cm, and posterior with amplitudes corresponding to the individual
margin of stability (MoS). Electromyographic and kinematic data of the lower extremities were recorded during
perturbations in Lunar (0.16 g), Martian (0.38 g) and hyper-gravity (1.8 g) and were compared with postural
responses in Earth gravity on ground and in steady-state-flight.
Results: Preliminary results from four participants reveal that muscular responses during pre-activity and early
reflex phases continuously increase with g-level, irrespective of perturbation amplitude. In contrast, co-activation
of antagonistic muscle groups tends to decrease with increasing gravitation. In late reflex phases, however,
activity of anti-gravity muscles changes as a function of perturbation amplitude, indicating enhanced recruitment
of postural muscles during larger perturbations. With respect to the perturbations at the individual MoS, our
analyses show an increased occurrence of stepping responses in hyper-gravity, concomitant with shortened
reaction and stepping times. On a muscular level, differences between stepping and no-stepping responses
become visible only in late reflex phases, indicating higher magnitudes of activation during stepping trials.
Conclusions: In summary, our study reinforces previous findings by Ritzmann et al. (2019) suggesting gravityand phase-specific modulations of muscular activity in response to postural perturbations. Our results add to
the literature by showing that postural responses are also size-specific and typically increase in late reflex
phases if perturbations become larger. Beyond that, our study reveals an increased susceptibility of falling in
hyper-gravity, which can be explained by the almost double force pulling down the center of mass and
generating the destabilizing torques acting around the ankle and hip joints. Probably, enhanced stretch
reflexes of the shank muscles contribute to the shortened reaction and stepping times under these conditions
and by this means may help to prevent falling. Ultimately, our study highlights the gravity-dependency of
postural responses and emphasizes the adaptability of the human neuromuscular system.
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5. Urine concentration of cartilage degradation marker CTX-II is increased after
six months on the ISS
Nadja Djalal1, Scott M. Smith3, Anne Mündermann4, Frank Zaucke5, Georg Schett1,2, Anja Niehoff6,7 & AnnaMaria Liphardt1,2
1

Department of Internal Medicine 3 – Rheumatology and Immunology, University Hospital Erlangen & Friedrich-AlexanderUniversity Erlangen-Nurnberg (FAU), Erlangen (Germany)
2
Deutsches Zentrum für Immuntherapie, University Hospital Erlangen & Friedrich-Alexander-University Erlangen-Nurnberg
(FAU), Erlangen (Germany) 3 Human Health and Performance Directorate, NASA, Lyndon B Johnson Space Center,
Houston, Texas (USA)
4
Department of Orthopaedics and Traumatology, University Hospital Basel, Basel (Switzerland)
5
Research Unit for Osteoarthritis, Department of Orthopaedics (Friedrichsheim), University Hospital Frankfurt, Goethe
University, Frankfurt am Main (Germany)
6
Institute of Biomechanics and Orthopaedics, German Sport University Cologne
7
Cologne Center for Musculoskeletal Biomechanics (CCMB), Medical Faculty, University of Cologne, Cologne (Germany)

Introduction: Mechanical and gravitation load are both important regulators of articular cartilage metabolism.
Immobilization and the absence of gravity likely change tissue morphology and characteristics that can result in
atrophy and softening of cartilage. Type II collagen is the most abundant cartilage matrix protein and assessing
the urinary excretion of crosslinked C-telopeptide (uCTX-II) provides an index of total type II collagen
degradation. We hypothesized that reduced mechanical and gravitational loading during a 4 – 6 months
International Space Station (ISS) mission will result in increased uCTX-II levels indicating cartilage degradation in
healthy individuals.
Methods: Twelve United States orbital segment (USOS) crew members with a mission length of four to six
months on the ISS participated in this study. 2nd void urine samples were collected on two consecutive days for
each time point (pre-flight (launch -60 days), post-flight (Return (R)+1day, R+1week (R+6, R+7), R+1month
(R+30, R+31), R+1year (R+365, R+366)). 24-h urines were collected in-flight (FD15, FD30, FD60, FD120, FD180).
uCTX-II concentration was determined according to the manufacturer instructions using a commercially available
enzyme-linked immunosorbent assay (ELISA) (Urine CartiLaps® (CTXII) EIA, Immunodiagnostic Systems Limited).
Urine concentrations were normalized to creatinine (Cr) excretion. Repeated measures ANOVA was performed
using IBM SPSS (Version 24.0) and p-Values ≤ 0.05 were considered significant.
Results: Absolute pre-flight uCTX-II concentration for 2nd void morning urine was 210.4 (±116.0) ng/mmol Cr.
2nd void uCTX-II concentration was elevated one day after landing compared to pre-flight values (R+1day:
309.1±103.5 ng/mmol Cr; change vs. pre-flight: 174.96 ±68.59%, p = 0.008) and values did not recover to
baseline values within the first month of return (R+1week: 361.7 ±154.7 ng/mmol Cr; %change vs. pre-flight
198.9 ±77.6%, p = 0.176, R+1 month: 330.5 ±123.4, %change vs. pre-flight: 186.43 ±90.39%). While the
mean concentration seemed to recover one year after landing (R+1year: 215.1 ±120.1 ng/mmol Cr, change vs.
pre-flight: 99.6 ±38.9%) individual values of four crew members did not reach baseline values. In-flight 24h
uCTX-II concentrations were higher after the first month of flight compared to preflight values (ISS Month 1:
256.4 ±129.8 ng/mmol Cr; change vs. pre-flight: 140.67 ±67.4%). uCTX-II concentration increased further until
month 6 of the flight, reaching a maximum on FD120 (ISS Month 2: 356.3 ±212.5 ng/mmol Cr; change vs. ISS
Month 1: 135.6 ±36.1%; ISS Month 4: 392.2 ±146.3 ng/mmol Cr; change vs. ISS Month 1: 162.6 ±51.1%; ISS
Month 4: 392.2 ±146.3 ng/mmol Cr; change vs. ISS Month 1: 162.6 ±51.1%; ISS Month 6: 392,8 ±148.6
ng/mmol Cr; change vs. ISS Month 1: 164.3 ±46.0%).
Conclusions: uCTX-II concentration increased during a 4 – 6 months space mission to the ISS indicating
enhanced cartilage degradation. While a more pronounced increase in uCTX-II was observe in the first 4 months
of flight, mean levels seem to plateau towards 6 months into flight. Post-flight uCTXII is increased compared to
pre-flight values and remains elevated for the first month after landing. In 7 of 12 crew members uCTX-II recovers
to pre-flight values one year after landing.
Funding: Bundesministerium für Wirtschaft und Energie Projekte: DLR 50WB0913, DLR 50WB1217, DLR
50WB1719, DLR 50WB1520, DLR 50WB2021, DLR 50WB2022
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6. Shades of gravity: the influence of different gravity levels on brain cortical
activity
Constance Badalì1, Petra Wollseiffen1, Stefan Schneider1,2,3
1

German Sport University, Institute of Movement and Neuroscience, Cologne, Germany
School of Health and Sport Sciences, University of the Sunshine Coast, Maroochydore, Australia
3
School of Maritime Studies, Offshore Safety and Survival Centre, Marine Institute, Memorial University of Newfoundland,
Canada
2

Introduction: Beside the Space Flight Associated Neuro-ocular Syndrome (SANS), i.e. visual impairments
reported during and after long duration space flight, also other neurological issues such as motor control and
coordination, neuromuscular drive and neuro-cognitive performance have been described to be impaired during
long-term spaceflight. Kohn and Ritzmann presented a comprehensible model, showing, that fluid changes
during microgravity decrease membrane viscosity, which decreases open state probability of ion channels and
therefore reduces the resting potential of the nervous cell. Previous in vivo results could already show that brain
activity is influenced by gravity level (Wollseiffen et al., 2016). Now we be hypothesized that either there is a
graded response with respect to different levels of gravity, or that documented changes in cortical activity are
dependent on a threshold of gravity.
Methods: The measurements were conducted in different parabolic flight campaigns. Participants performed a
neurocognitive test, consisting of an auditive oddball task in combination with a complex mental arithmetic’s
task during all microgravity conditions, the 1.8G phase as well as during the 1G phase inflight. Brain cortical
activity was recorded using a 32-channel EEG system and the averaged cortical current source density using low
resolution brain electromagnetic tomography (LORETA) was calculated during the task for the frontal lobe,
parietal lobe, occipital lobe and the regions of the brain supplied by the middle cerebral artery (MCA). The data
presented here are currently on a descriptive level, as the number of subjects is too low for a proper statistical
analysis.
Results: Comparing the 1G and 0G condition, a clearly lower cortical activity during the 0G condition can be
shown. Comparing 1G and 1.8G a clear decrease of cortical activity is seen in the lower gravity condition. Data
under partial-G conditions 0.25G, 0.5G, 0.75G, 1G revealed a nearly linear relation between gravity levels and
brain current density.
Conclusions: The data presented here suggest that there is a linear relationship between gravity level and
cortical activity. With decreasing gravity level cortical activity decreases as well in all the before mentioned brain
regions. Based on this, we assume a linear, graded response of neural activity to gravity. This is in line with the
model of Kohn and Ritzmann, that could explain changes in neural communication in weightlessness. These
changes might be one of the causes for the different impairments during longterm space flights.
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7. Inflammatory hypoxia in human leukocytes
Tina Schönberger1, Bastian Tebbe2, Tina Hörbelt-Grünheidt3, Marie Jakobs3, Oliver Witzke2, Manfred
Schedlowski3, Joachim Fandrey1
1

University of Duisburg-Essen, University Hospital Essen, Institute of Physiology, Germany
University Hospital Essen, Department of Nephrology, Germany
3
University of Duisburg-Essen, University Hospital Essen, Institute of Medical Psychology and Behavioral Immunobiology
2

Introduction: Leukocytes need to adapt to different oxygen conditions and hypoxia in short time, especially
under pathophysiological conditions when the cells migrate from the bloodstream into inflamed tissue. Thereby
the hypoxia-inducible factors (HIF) are important transcription factors for effective immune response and
leukocyte function. In life-threatening diseases like sepsis, the host immune response to infection is deregulated
and prior studies showed that leukocytes from septic patients display decreased HIF levels. The HIF effects on
cellular level are still under investigation. We seek to gain a more in-depth understanding of the cellular adaption
processes of circulating human leukocytes challenged with inflammation and hypoxia.
Methods: We are using an experimental human endotoxemia model to study the immune response in acute
infection in healthy male subjects. Volunteers receive an intravenous injection of 0.4 ng/kg lipopolysaccharide
(LPS) as inflammatory stimulus prior or after exposure to hypoxia (10.5% normobaric oxygen) for four hours.
LPS-induced effects are assessed by flow cytometry and qRTPCR. Further, we study LPS treated Peripheral Blood
Mononuclear Cells (PBMC) and the cell line THP-1 under normoxic (21% O2) and hypoxic (1% O2) conditions
in combination with LPS treatment, regarding HIF protein accumulation (Western Blotting), gene expression
(qRT-PCR) and surface marker expression (flow cytometry).
Results: Our recent findings show differently altered gene expression patterns of HIF and target genes in distinct
immune cell subsets (neutrophils, monocytes, T cells) upon in vivo treatment with LPS and hypoxia. Further, we
observed an increased inflammatory response to LPS after a hypoxic phase in vitro in PBMCs and THP-1 cells.
Conclusions: Cellular adaption processes of circulating leukocytes during inflammation and hypoxia are
interdigitated. Unveiling this interplay could give rise to new treatment options for septic patients.

11

8. Improving cardiopostural control with sinusoidal vibration to counteract
orthostatic intolerance – applications for geriatrics and returning astronauts
Anna Hawliczek1, Bianca Brix1, Nandu Goswami1
1

Medical University of Graz, Otto Loewi Research Center for Vascular Biology, Immunology and Inflammation, Division of
Physiology, Austria

Introduction: Orthostatic intolerance is a multifaceted condition with serious consequences due to the high risk
of injuries. Sinusoidal (side-alternating) vibration is effective against the plethora of major health concerns for
both the elderly, and astronauts, e.g., muscle atrophy, bone mineral density loss, and insulin insensitivity. An
answer to countering the listed conditions lies in improving physical and therefore cardiovascular fitness, but this
is often a step few of the affected take willingly. Whole body vibration (WBV) can provide attractive training
because of its low perceived rates of exertion and minimal discomfort, which are important for populations that
could benefit from this passive form of exercise; for astronauts, its appeal might lie in efficiency and convenience.
Vibration, particularly the Galileo system, has been shown to cause no adverse effects and carry no risk, even in
the ICU and mechanically ventilated patients, which is crucial for initiating rehabilitation measures as soon as
possible for the particularly vulnerable. Having this information, it is crucial to create an optimal protocol that
would take full advantage of the vibrations’ potential.
Methods: The study expands on a promising pilot project which involved a group of young and fit volunteers
who tried and tested the procedure before engaging a larger cohort. Different combinations of the vibration
protocol were investigated: 1) 13 Hz and 15°, 2) 25 Hz and 15°, 3) 13 Hz and 30°, 4) 25 Hz and 30°. The higher
tilt of the bed resulted in an increased body weight load on the lower limbs. The participants performed two
stand tests – one before, and one after the intervention. After the placement of electrodes for continuous
monitoring of cardiovascular functions, the subject rested on the bed for 15 minutes for their baseline recording.
The volunteer was asked to perform the first stand test of 5 minutes. Subsequently, after 3 minutes of supine
rest, the vibration protocol began and lasted 15 minutes. Immediately after, the person attempted another 5
minutes of unassisted standing. Following the end of that stage, the subject returned to the bed for 10 minutes
for recovery. The protocol was identical for all combinations of frequency and bed tilt.
Results: 37 individuals participated, 29 took part in the vibration protocols (15 male, 14 female; 24±4 years old,
175.17±8.47 cm, 69.07±12.60 kg) testing, on different days, combinations of different levels of bed tilt (15°
and 30°) and vibration frequencies (15 Hz and 25 Hz). For each participant, the data from the second stand test
was compared to the data from the first (regarded as baseline for each attempt) on each day. 12 subjects
completed all protocols; 29 – 13 Hz and 15°, 16 – 25 Hz and 30°, 15 – 25 Hz and 15°, and 14 – 13 Hz and 30°.
The preliminary results from the pilot study concluded that both heart rate and diastolic blood pressure showed
significantly different values following the vibration intervention (p=0.0022 and p=0.0288 respectively), and the
data analysis of the rest is ongoing. Only a few participants noted sensing vibrations transfer to the cranium, the
rest reported no side effects apart from a mild tingling sensation in the legs when the device was on and briefly
in the recovery period.
Conclusions: The intervention was received very well by first-time users, especially due to the simplicity of use
and novelty. With minimal effort and hardly any side effects statistically significant differences between data
from first and second stand tests were noted in the preliminary results. The next step is to introduce the
intervention in a clinical setting to assess its use by the target population.
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Introduction: Ageing is associated with loss of muscle mass (i.e. sarcopenia) as well as declining muscle quality
including reduced oxidative capacity and energy expenditure. Up to date 21% of the European population are
aged 65 or above and this part of the population will grow strongly during the next decades (www.statista.com).
Importantly, sarcopenia and reduced muscle quality are major risk factors of immobility and decreased quality
of life (Sayer et al., 2008).
There is a huge clinical need to identify and validate novel markers in order to define the metabolic signature of
healthy and declining muscle. Therefore, we analyze the metabolism of young and aged murine muscle under
basal as well as cAMP-stimulated conditions.
Methods: We performed non-targeted metabolomics to screen for secreted factors of the soleus muscle isolated
from young (6 weeks) and aged (60 weeks) male C57BL/6 mice. Tissue samples were stimulated with and
without forskolin (Fsk; 30µM; 30 min.) in order to stimulate intracellular cAMP signaling, which has been shown
to be a positive regulator of muscle metabolism and function (Berdeaux & Stewart, 2012). Subsequently,
metabolomics analysis of the muscle supernatant (containing the secreted factors) was performed with ultrahigh performance liquid chromatography coupled to mass spectrometry (UPLC-MS/MS) using an Orbitrap
Exploris 120. A mass range 40-3000 m/z was covered.
Results: Overall, we could detect 381 different metabolites using m/z cloud spectral library. When comparing
young to aged mice we found 20 metabolites significantly (p ≤ 0.05) upregulated and 19 metabolites
significantly downregulated. Principal component analysis (PCA) showed a separation of the metabolites
according to age. Heat map analysis could underpin this distinct pattern and showed a clear grouping in young
and aged muscle. Stimulation of the muscle samples with Fsk led to 17 down and 20 significantly upregulated
metabolites in aged compared to young muscle. Here, PCA shows a partial overlap of the secreted metabolites
from activated young and aged muscle. Interestingly, we found the purinergic signaling molecule Adenosine
under the top upregulated factors, which has very recently been shown to have beneficial effect on muscle
ageing.
Conclusions: Overall, our data clearly show significant differences in the pattern of secreted factors between
young and aged muscle under basal conditions as well as cAMP-stimulated conditions. In a next step, we will
start to analyze the metabolic signature of human muscle biopsies that were taken during the MALICoT study.
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Introduction: Current demographic data show a significant population aging in developed countries, leading
to increased health care costs. Physical exercise promotes healthy aging and is associated with greater
functionality and quality of life. Muscle strength and power are established factors in the ability to perform daily
tasks and live independently. Vertical stiffness, defined as the ratio of peak ground reaction force to maximum
ground-phase vertical displacement, is another potentially important factor that has been mostly neglected so
far. All those properties, force, power and stiffness can be easily evaluated within a protocol of one-legged
hopping test. This study aims to analyze the impact of age and training status on one-legged hopping
biomechanics and to evaluate whether age-related power decline can be reduced with regular physical training.
Methods: Forty male subjects were recruited according to their suitability for one of four groups according to
their age (young between 21-35, vs. older between 59-75) and training status (training for and competing in
sprint or jumping events vs. non-physically active). Activity levels were quantified using the Freiburger
questionnaire for physical activity (threshold for being non-physically active set to 25 METs per week). Thus, four
groups were established: young trained (YT; n=9), young untrained (YU; n=11), older active (OT; n=10), older
untrained (OU; n=10). All subjects performed a multiple one-legged hopping test on a force platform (Novotec
Medical, Leonardo). The three highest hops were isolated, and the following biomechanical parameters were
computed for each hop and averaged: hop height, ground contact time, peak ground reaction force, peak power
(normalized to subject’s weight), ground-phase vertical displacement (vertical movement of the center of mass
during ground-phase, normalized to subject’s height) and vertical stiffness (calculated as peak ground reaction
force divided by ground-phase vertical displacement, normalized to subject’s weight). The impact of age and
training status on these variables were evaluated using the two-way analysis of variance (ANOVA) method, and
group means were compared performing Tukey’s post-hoc test.
Results: YT and OU showed the highest (16.6 ± 3.25 cm) and lowest (6.91 ± 2.28 cm) hopping heights
respectively, which differed from the other two groups (YU: 11.8 ± 2.46 cm, OT: 10.7 ± 3.44 cm; all P < 0.05.
Ground contact time was shorter for YT (275 ± 47.9 ms) compared to OU (348 ± 47.6 ms; P=0.014), with no
differences between the other groups (YU: 320 ± 50.2 ms, OT: 303 ± 52.7 ms; all P > 0.05). Peak ground
reaction force was higher for YT (2.87 ± 0.52 kN) compared with the rest of the groups (YU: 2.32 ± 0.57 kN,
OT: 2.31 ± 0.32 kN, OU: 2.26 ± 0.29 kN; all P < 0.05). Peak power was higher for YT (3.35 ± 0.66 W/kg)
compared with the rest of the groups (YU: 2.60 ± 0.49 W/kg, OT: 2.31 ± 0.50 W/kg, OU: 1.85 ± 0.33 W/kg; all
P < 0.01). No differences among groups were found in ground-phase vertical displacement (YT: 9.32 ± 1.8 %,
YU: 9.77 ± 1.7 %, OT: 9.73 ± 2.3 %, OU: 8.99 ± 1.8 %; all P > 0.05) and vertical stiffness (YT: 230 ± 86 N/m/kg,
YU: 165 ± 49 N/m/kg, OT: 180 ± 59 N/m/kg, OU: 191 ± 55 N/m/kg; all P > 0.05).
Conclusions: As expected, older untrained and young trained people achieved the lowest and highest
performance respectively in the described multiple one-legged hopping test. The increased performance in
young trained people is attributable to a greater vertical force application, a higher power and a shorter ground
contact time, since ground-phase vertical displacement (during countermovement) and vertical stiffness were
comparable to the rest of the groups. Interestingly, there were not any differences found between young
untrained and older trained subjects, suggesting that chronic training can contribute to a partly offset effects
that are normally associated with aging.
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Introduction: Astronauts will experience a series of physiological changes during spaceflight; one of them is
the spaceflight associated neuro-ocular syndrome (SANS), including optic disc edema, globe flattening, choroidal
and retinal folds, hyperopic refractive error shifts, and focal areas of the ischemic retina.1 This syndrome has
been extensively studied during the past decades, while the mechanism remains unknown. The literature
proposed two possible hypotheses: elevated intracranial pressure and compartmentalization of CSF near the
globe. In this study, we approach this problem via quantifying the structure changes along the visual pathway
and further explores the association between these local changes and general structural alterations in the
astronauts' brains. To this end, we intend to untangle the pathology of SANS and its relationship with brainstructural alterations for astronauts during long-duration spaceflight.
Methods: Structural neuroimaging data from fourteen male Russian cosmonauts were used in this study. All
but three cosmonauts had previous spaceflight experience. Fifteen age-, gender- and education-matched
subjects were analysed as a control cohort. In a complementary analysis, we then added four European
astronauts' MRI data and their respective controls. Considering the region of interest in our study, we first built
two cohort-specific whole-brain templates for the Russian cosmonauts and European astronauts separately
with Advanced Normalization Tools (ANTs). Based on this template, we used 3D Slicer in a supra-resolution
approach to segment the ocular and retroorbital structures, from the eye to the optic chiasm. Afterward, we
again applied ANTs for the deformable registration of templates and atlas to the individual subject space.
Parallel to this process, we also quantified intracranial tissue spaces through the computational anatomy
toolbox (CAT12). We were then able to extract the respective parameters and investigate our hypotheses.
Results: We successfully developed the first-ever cohort-specific template of the human eye and retroorbital
structures at supra-resolution with T1-weighted imaging data. Our preliminary results showed a significant
general difference between structural parameters of the right eye and the left eye in both
astronauts/cosmonauts and the control subjects. We also observed significant associations between the
structural alterations of ocular and retroorbital space and the cerebrospinal fluid spaces after long-duration
spaceflight.
Conclusions: The side differences in ocular structure size may explain the predominance for SANS observations
in the right eye. We hope that our further findings with respect to the cerebrospinal circulatory system will
complement the previous work on SANS and help untangle the underlying mechanism.
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Introduction: Head down tilt (HDT) position as a simulation of microgravity has various impacts on human
circulation, amongst others resulting in cephalad fluid shifts. In addition to cranial venous congestion, HDT also
leads to a reduction in internal carotid flow. While further physiological changes like the Space Flight-AssociatedNeuro-Ocular-Syndrome (SANS) can be a result of venous congestion, the exact mechanisms of a decreased
internal carotid flow remain unclear.
The objective of this study was to compare the effects of 21 hours of -12° HDT to horizontal position (supine)
on carotid flow.
Methods: Cerebral blood flow was assessed in 11 male subjects (age 30 years ± 10.2 years) participating in a
cross-over study (clinicaltrials.gov; identifier NCT 02976168). Each study session lasted for 3 days with the
subjects arriving one day earlier at the laboratory (envihab facility, German Aerospace Center, Cologne,
Germany). The observation period of 21 hours started after the first night thus ensuring familiarization to the
new surroundings. A Biograph mMR 3-Tesla scanner (Siemens, Erlangen, Germany) with a 16-channel headneck coil was used for phase contrast MRI measurements. Blood flow of the internal and external jugular veins,
as well as the internal and external carotid arteries was assessed in 0° supine posture (baseline), and after 1 and
21 hours of the interventional phase remaining in HDT. The MITK software (www.mitk.org) was used for vessel
segmentation. Flows were subsequently quantified with a custom-made Python script. Linear mixed models
(nlme package; R program) were used for statistical analysis. Time and condition were defined as fixed effects
and the subject ID as random effects.
Results: While the mean flow rate in the external carotid arteries was not altered during horizontal bedrest
compared to baseline (baseline: 243 ± 61 ml/min; 1h: 247 ± 67 ml/min; 21h: 235 ± 63 ml/min, p > 0.90) it
increased by ~40% during -12° HDT (1h: 335 ± 119 ml/min, P = 0.002; 21h: 352 ± 103 ml/min, p = <0.001).
No lateralization effects were observed (p=0.22). In comparison to horizontal baseline values there was no
significant change in the outflow via the internal jugular vein (baseline: 413 ± 387 ml/min; 1h: 439.3 ml/min ±
382.1 ml/min; 21h: 405 ml/min ± 405 ml/min, p > 0.50). However, outflow increased during -12° HDT when
compared to baseline (1h: 503 ± 314 ml/min p = 0.0085; 21h: 511 ± 351 ml/min, p = 0.0115).
Conclusions: The results suggest an increased external carotid flow during HDT that is potentially
counterbalanced by an increased outflow via the internal jugular veins. Despite the additional strain on outflow
via the internal jugular system, cerebrospinal fluid flow is also closely linked to venous flow. Thus, the observed
changes will most likely impact absorption and flow of cerebrospinal fluid.
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Introduction: Microgravity leads to deconditioning of many physiological systems during long-term spaceflights.
It has been suggested that exposure to artificial gravity (AG) might help maintaining cardiovascular integrity and
health.
Method: 24 subjects were investigated during a 60-day strict -6° head-down-tilt bed rest study (AGBRESA Study)
and equally assigned to 3 groups. Two of them underwent daily, continuous or intermittent AG trough shortarm centrifuge with 1 Gz at the center of mass and 2 Gz at the feet (iAG: 6x5 min; cAG: 30 min), and the third
was a control group (CTRL). 4D-flow cardiac MRI protocols were conducted before, during, and after exposure
to head-down bed rest and post-processed with a specialized 4D-flow analysis software. The cardiovascular
effects of bed rest and assessment of the countermeasure efficacy were determined from flow and vascular
parameters: Heart Rate (HR), Stroke Volumes (SV), aortic Pulse Wave Velocity (PWV), and Wall Shear Stress (WSS).
Results: No differences were found between the 3 groups at any timepoint of the study. Total SV, lower body
SV, upper body SV, and WSS significantly decreased by the end of bed rest. Percentage of SVtot allocated to the
upper body (SV%up), PWV, and HR increased significantly during bed-rest compared to baseline.
Conclusions: The fact that the chosen AG countermeasure had no measurable effects on the global
cardiovascular condition is in agreement with findings from other teams involved in the same study. The increase
of SV%up appears as a new valuable result that helps better understand the different physiological adaptions
of lower and upper body to microgravity. WSS and aortic PWV results calculated with new methods also concur
with other methods in the literature and indicate that a very long exposure to microgravity may lead to vascular
remodeling of the large vessels. However, most of our results tend to or returned to baseline after a few days,
indicating no permanent cardiovascular adaptations following 60 days of headdown bed rest.
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Introduction: Physical inactivity contributes to insulin resistance and the development of type 2 diabetes
mellitus, but whether this is due to inactivity per se is unknown. Metabolic flexibility, the ability to efficiently
adapt substrate oxidation depending on demand and supply, decreases in response to bed rest, and metabolic
inflexibility has been postulated to precede the development of insulin insensitivity. A mismatch between nutrient
uptake and utilization rates likely underlies these metabolic alterations during periods of inactivity, but it is
unknown if glycogen and lipid accumulation, or mitochondrial dysfunction occur before insulin resistance
develops.
Methods: 24 healthy individuals (23-54 years, 8 women) participated in the 60-days artificial gravity bed rest
study (AGBRESA) conducted by NASA and ESA at the German Aerospace Center (DLR), Cologne in 2019.
Oroboros respirometry, metabolomics and lipidomics (on a subset) were performed on vastus lateralis muscle
biopsies before, after 6 (short-), and 55 (long-term) days of bed rest. Amounts of glycogen and intramyocellular
lipid deposits were scored in transmission electron microscopy images, and fasted blood glucose and insulin
levels determined for the calculation of the HOMA-IR score.
Results: Blood glucose values remained constant throughout the bed rest, but HOMA-IR scores were higher
after short- and did not further change after long-term bed rest. Short-term bed rest did not cause significant
changes in mitochondrial respiration, apart from lower leak respiration. Long-term bed rest significantly reduced
NADH- and succinate-linked respiration, and impaired oxidative phosphorylation capacity. Glycogen content and
lipid droplets significantly increased after 6 days but only lipid droplets further accumulated after day 55.
Metabolomics and lipidomics revealed reduced fatty acid oxidation and increased glucose metabolism after
short-term bed rest, which manifested throughout the bed rest duration, suggestive of continuous alterations in
skeletal muscle metabolism.
Conclusions: Bed rest resulted in nutrient overload and a shift from fatty acid metabolism to glycolysis indicating
metabolic inflexibility. Inactivity-induced nutrient overload and insulin insensitivity preceded the reductions in
oxidative phosphorylation capacity.
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Introduction: In the recent years, interest has grown in the effects of microgravity on cerebral blood flow. It is
assumed, that an increase in cerebral blood flow and an increase in intracranial pressure (ICP) affects neural
processing and might be responsible for the spaceflight associated neuro-ocular syndrome (SANS). Although a
transient increase in blood flow velocity along the middle cerebral artery has been reported by Klein et al. (2020)
studies by Lawley et al. (2017) could show, that there is no microgravity induced increase in intracranial pressure
in comparison to a supine position on earth. Hence blood flow velocity provides only estimated information
about the flow volume, as volume is the product of velocity and diameter.
Methods: In this study we assessed blood flow volume along the arteria carotis communis (ACC) during a
parabolic flight using duplex ultrasonography. Data was assessed in the 1G phase before the parabola, in the
1.8G phases as well as in the 0G phase. Additionally, data was assessed during Mars (0.38G) and Moon
parabolas (0.16G). Also flow volume along the jugular vein was measured.
Results: Data revealed a clear parabolic shape of blood flow volume along the ACC, i.e. a decrease in the
hypergravity and an increase in the microgravity phases. Whereas these changes were moderate, a tremendous
volume inflow along the jugular vein was noticeable.
Conclusions: These first results (n=6) let us assume that the increase in intracranial pressure in microgravity is
only partly caused by an increased influx of blood in the brain arteries. The greater impact may be caused by a
missing outflow along the veins, as blood volume is flowing upstream and therefore impedes a sufficient
drainage.
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Introduction: Optimal cognitive ability is of paramount importance for astronauts during space missions, but
hard to maintain due to the detrimental effects of weightlessness. Therefore, it is crucial to identify possible and
effective countermeasures. A promising countermeasure is artificial gravity (AG), which may be beneficial for
brain blood flow and subsequently for cognitive abilities. Thus, we aimed to investigate changes of controlled
and automatic attentional processes induced by both head down tilt bedrest (HDBR) and two types of AG
(continuous and intermittent) during the space analog Artificial Gravity Bed Rest – European Space Agency
(AGBRESA) project.
Methods: The AGBRESA study was conducted at the :envihab facility of the German Aerospace Center (DLR) in
Cologne, Germany in 2019 with two campaigns of 60 consecutive days of strict 6° HDBR. 24 participants were
randomly assigned to three experimental groups: intermittent artificial centrifugation (iAG), continuous artificial
centrifugation (cAG), and no centrifugation (DLRctrl). Additionally, an ambulatory control group (AMBctrl, n= 9)
completed the same test battery and schedule at the German Sport University Cologne without HDBR or AG
exposure. We used two cognitive tasks with two complexity levels (simple and complex) in two modalities (visual
and auditory). The data was collected at nine time points during baseline data collection (BDC-7, BDC-2), during
head-down bedrest (HDT3, HDT4, HDT49, HDT50), and during recovery phase (R+2, R+7, R+13). To investigate
the acute and chronic effect of AG, two HDT sessions took place prior to and directly after centrifugation
respectively. During all sessions, electroencephalogram (EEG) was recorded with a 32 channel BrainAmp EEG
amplifier (Brain Products GmbH, Gilching, Germany). Late positive event-related potentials (ERP, P3a and P3b),
reaction time (RT) and accuracy (ACC) of cognitive tests have been analyzed.
Results: The P3b amplitude was decreased during HDT compared to BDC in both modalities (p< .03). During R
the auditory P3b amplitude returned to BDC level (p= .13), whereas the visual did not (p< .001). In contrast to
this, the AMBctrl showed a continuous decrease of the P3b amplitude in both modalities. Further, auditory P3a
amplitude was decreased during HDT compared to BDC (p= .05, visual p= .16). The comparison of BDC with R
sessions revealed a decreased visual P3a amplitude (p= .05), while the auditory P3a returned to BDC level
(auditory p= .58). The AMBctrl did not show differences between BDC to R. Investigating the acute and chronic
effect of AG exposure, we found no differences in ERP amplitudes between the pre-centrifugation and postcentrifugation sessions (p> .26), neither for the iAG nor the cAG group (p> .18). Regarding cognitive
performance, RT during complex tasks was constantly decreasing over time (p< .03) in all groups, however, it
was more pronounced in the AMBctrl group (visual p= .03, auditory p= .38). On the contrary, RT tended to
increase in the bedrest groups during simple tasks (p> .07), and to decrease in the AMBctrl (p< .18). No
difference was found for task ACC in the AMBctrl (p> .30), while in bedrest groups it increased during complex
tasks (p< .05), but not in simple tasks (p > .35).
Conclusions: Based on the present findings, there is no evidence supporting AG as a countermeasure against
cognitive deteriorations during HDBR. Intermittent and continuous centrifugation protocols did not affect
cognitive performance differently, neither chronically nor acutely. ERP and RT results may indicate a slightly
disturbed learning process during HDBR for all groups compared to AMBctrl.
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Introduction: Lack of mechanical loading, as during spaceflight and bed rest, is one key factor for
musculoskeletal weakness. However, quantitative differences have been observed in the response of the
musculoskeletal system between individuals. Performing countermeasure exercise to maintain muscle volume
and bone mineral content (BMC) can add variability. We focused on the between-subject variation (BSV) and
within-subject variation (WSV) regarding adaptations after microgravity exposure during the ~6 month EDOS2/Correction study and the two month RSL bed rest study.
Methods: During EDOS-2/Correction study, 16 astronauts and cosmonauts were examined pre- and post-flight.
During the two baseline data collection (BDC) measurements and post-flight quantitative peripheral computer
tomography (pQCT) was performed at several measurement sites of the lower leg and compared the results with
the results of 11 participants of the control group of the Reactive Sledge Jump study (RSL), which underwent 60
days of head down tilt bed rest as best microgravity analogue. The investigated regions for BMC were TIBIA 04,
38, 66, and 98, respectively, where the number indicates the relative position of the Tibia from distal to proximal.
For CSA, we analyzed MUSCLE 38 and MUSCLE 66. To quantify the variation between and within the subjects
by differentiating the measurement uncertainty (UMeas), we defined 95%-confidence intervals based on UMeas
and performed Pearson correlation coefficients. Additionally, we introduced a novel statistical approach
including the observed uncertainty (UObs) and the uncertainty of individual response (UIR).
Results: UMeas showed no significant differences within the bone sites and muscle sites for RSL. For EDOS2/Correction, there were significant differences comparing diaphyseal bone sites (TIBIA 38 & 66) with epiphyseal
bone sites (TIBIA 04 & 98) (p from 0.002 to < 0.001). Taking UMeas of both studies into consideration, there
were significant differences between epiphyseal, diaphyseal and muscle sites (p < 0.001). 93.7% of the individual
losses of BMC and CSA of RSL and EDOS-2 exceeded the confidence interval indicating substantial BSV. There
were significant correlations within epiphyseal bone sites, diaphyseal bone sites, and muscle sites, respectively.
Comparing epiphyseal and diaphyseal bone sites, there were no significant correlations indicating WSV. UObs
and UIR were greatest for the muscle sites, followed by the epiphyseal bone sites, and the diaphyseal bone sites.
In general, UObs and UIR were greater for EDOS-2 than RSL.
Conclusions: In general, the measurement uncertainty was small and did not overlay the individual responses
towards an intervention. Substantial between-subject and within-subject variation was shown, indicating that
next to (non-) responders to interventions, there are additional factors influencing musculoskeletal adaptations,
which could show intra-individual differences. Finally, results of EDOS-2/Correction and RSL were comparable,
supporting the view that bed rest is a well-established standardized method and therefore a good microgravity
analogue investigating individual responses.
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Introduction: Spaceflight represents a substantial musculoskeletal (MSK) challenge. Despite comprehensive
inflight and post-flight exercise programs, astronauts can present with a compromised MSK condition compared
to pre-flight. Computational MSK modelling can enhance the rehabilitation pathway by informing exercise
selection with information of MSK structure loading that cannot be measured in vivo. To date, this has been an
unexplored tool for astronaut health monitoring, but has helped inform rehabilitation in other clinical contexts,
including osteoarthritis1, to slow disease progression. The aim was to implement a state-of-the-art MSK
simulation framework to estimate muscle forces during hypogravity exercise, and the loading needed to
stimulate muscular adaptations.
Methods: One male participant (28 years, 1.82 m, 79.9 kg) performed single-leg vertical hopping at a selfselected frequency whilst attached to a body-weight support system. Five hops per condition – contact and flight
phase – were identified for five gravity levels (0.17 g, 0.25 g, 0.37 g, 0.50 g, 1 g). Marker trajectories (200 Hz),
ground reaction and body weight support forces (2000 Hz), and seven lower-limb EMG excitations (2000 Hz),
were extracted for analysis. A full-body MSK model2 was integrated into a direct collocation data-tracking
simulation framework. Eighty lower-limb muscles were modelled with Hill-type activation and contraction
dynamics to drive motion. Body weight support forces were applied vertically to the pelvis to model the body
weight support system. Rectus Femoris (RF), and Vastus Lateralis (VL), Intermedius (VM) and Medialis (VM) forces
were extracted and input into a muscle adaptation model3 to estimate the repetitions required to elicit a 3.37%
muscle volume increase, defined as a minimal worthwhile change during a resistance training program4, at each
gravity.
Results: Kinematics were tracked with a max error ≤ 2.6°, ground reaction forces < 0.1 BW, and net joint
moments < 0.9 N·m·kg-1 across all conditions. Muscle activations were qualitatively similar to EMG data. Net
knee extension moment and total quadriceps force increased with gravity level. However, neuromuscular
activation shifted from a rectus femoris to vastus lateralis dominant pattern as gravity increased (Figure 1).
Repetitions required to stimulate adaption changed proportionally to total force between gravities.
Conclusions: The results highlight the benefit of MSK modelling for astronaut health monitoring. A gravitydependent response in neuromuscular activation was observed despite measures of total knee load
monotonically increasing. Specifically, all quadricep musculature tended to increased force output to meet the
increasing external work demand as gravity increased up to 0.5 g. Within the 0.5 – 1 g interval, a substantial
decline in RF contribution led to the Vasti muscles meeting the external work demand. This emphasises the
importance of quantifying muscle forces during hypogravity exercise as their relative contributions did not
proportionally increase as gravity increased. The muscle adaption model provided an insight into a hypothetical
training volume required to elicit a worthwhile hypertrophic adaptive response when single leg hopping. This
can give an insight into the feasibility of increasing muscle size without risking overuse injuries. The results
demonstrated how post-spaceflight rehabilitation programs can be improved by providing additional
information to better match training goals with the expected muscular loading on individual muscles.
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Introduction: Altered mechanical loading acting on the musculoskeletal system, like in space, can cause a
disruption of articular cartilage homeostasis leading to degeneration. To date, the impact of reduced mechanical
loading on articular cartilage is not well understood. Bed rest studies offer a unique model to study not only the
effect of immobilization for several weeks but also of countermeasures on cartilage health in a well standardized
environment. Cartilage oligomeric matrix protein (COMP), matrix metalloproteinases- 3 (MMP-3) and chitinase3-like 1 (YKL-40) measured in the blood serum are well-established biomarkers reflecting joint metabolism (Kraus
et al., 2010). The aim of this study was to investigate the effect of a resistive vibration exercise protocol with and
without nutritional supplements as countermeasures over 21-days of 6°-HDT (Head Down Tilt) bed rest on the
serum concentration of articular cartilage biomarkers.
Methods: The “Medium duration nutrition and vibration exercise” (MNX) study was executed at the Institute
for Space Medicine and Physiology (MEDES Clinique d’Investigation, Toulouse, France) under the direction of
the French (CNES) and European Space Agency (ESA) in 2012 and 2013. The study was conducted in a crossover design with three different campaigns each lasting 35 days. Each campaign consisted of 7 days of basic
data collection (BDC-7 – BDC-1), 21 days 6°-HDT bed rest + countermeasure (HDT1 - HDT21) and a 7 day
recovery period (R+1 – R+7). The three campaigns were separated by 4 months to prevent carry-over effects.
The following countermeasures were implemented during the 21-days of bed rest: resistive vibration exercise
(RVE), nutrition + resistive vibration exercise (NeX) and a control condition (CON). Each participant completed all
three study campaigns with a randomized order. Blood samples were drawn on eleven days (BDC-3, BDC-2,
BDC-1, HDT2, HDT3, HDT5, HDT7, HDT14, HDT21, R+1 and R+6). Serum COMP, MMP-3 and YKL-40
concentrations were analyzed using commercial enzyme-linked immunosorbent assays (ELISA) (COMP:
AnaMar® Medical AB, Lund, Sweden; MMP-3: Quantikine®, Bio-Techne, R&D Systems, Minneapolis, USA; YKL40: MicroVueTM® Bone, Quidel, San Diego, USA). A two-way (time and group) analysis of variance (ANOVA)
with repeated measures was used to detect differences (p<0.05) between the countermeasures and the different
blood sampling time points (Duncan’s post-hoc-test).
Results/Discussion: Serum COMP concentration (N=8) decreased significantly on the first day of bed rest
(p<0.05; CON:-24%; RVE:-17%; NeX:-14%) and increased significantly on the first day of recovery (p<0.05;
CON:+33%; RVE:+35%; NeX:+33%) with no differences between the countermeasures. The response of the
serum MMP-3 concentration (N=7) was similar to that of COMP with a significant decrease on the first day of
bed rest (p<0.05; CON:-18%; RVE:-14%; NeX:-26%) and a significant increase on the first day of recovery
(p<0.01; CON:+30%; RVE:+37%; NeX:+25%). In contrast, the serum YKL-40 level (N=8) was increased on the
first day of bed rest but this change was only significant (p<0.01) for the NeX group (+35%). The YKL-40 level
of the CON group increased (p<0.001, +24%) on the first day of recovery and was followed by a significant
decrease (p<0.001, -30%) until 6 days after being mobile again. These changes demonstrate that the individual
markers of cartilage metabolism are sensitive to bed rest. However, the countermeasures might need to be
further optimized to exert a positive effect on articular cartilage metabolism.
Funding: Federal Ministry of Economic Affairs and Energy, Germany (DLR 50WB1217, DLR
50WB1520, DLR 50WB2021, DLR 50WB2022)
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