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Leg muscle training under “artificial gravity” 
conditions: 
The challenge of finding the optimum for muscle 
activity, mechanical loading and perfusion 

J. Zange, DLR
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Leg muscle training in microgravity

Potential solution: training under artificial gravity conditions

absence of body weight 
as counter force

altered / reduced 
biomechanical loading

altered / reduced training effects

reduced blood volume 
and perfusion

early development of 
fatigue
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signal transduction and computing system controlling 
transcription and translation of proteins

electro-mechanical coupling 
+ mechano-sensing

(Ca2+)

energy metabolism
(AMP)

repair, growth, differentiation

Control of strength and endurance in 
muscle fibres

strength and endurance
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glycogen

glycolysis

pyruvate lactate + H+

lipids

HbO2

Hb CO2

oxidative
phospho-
rylation

PCr + ADP       ATP + Cr

[PCr] < 20% 2 ADP        ATP + AMP
myokinase

signal-transduction (AMPK)

creatinkinase

ATP ADP + P

O2

myosin-ATPase 
(contraction)
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Weight (Fw
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Peripheral pressures at: 
1g in upright standing,

ac =1g at centre of body mass on a centrifuge 

?
?

?

MAP + P(h) 
= 200 mm Hg

PVP + P(h) 
= 120 mm Hg

MAP + P(r) 
= 320 mm Hg

PVP + P(r) 
= 240 mm Hg
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Treadmill training under 
Lower Body Negative Pressure (LBNP)

contact pressure: 1,0 to 1,2 x body weight
LBNP (lower body negative pressure): -63 to -52 mmHg

Hargens
 

et al. 2002, J Gravitat
 Physiol. 

30 days HDT-bed rest

40 min running + 5 min still stand
result in a conservation of muscle 
MVC and mass and in orthostatic 
tolerance.
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LBNP (-40 mmHg) reduces fatigue ability in calf muscle during 
maximum intensive, dynamic plantar flexion

● ○

10 intervals á
15 s work and 
45 s recovery

Zange et al. 2008
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Finding biomechanically 
optimised profiles of force and 
velocity for strength training.


 

Change blood flow and volume.

Robotic controlled device for gravity independent 
training of leg muscles

Robotic-Legpress
 

with LBNP
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