
 

 

CONTENTS 
 
INTRODUCTION ...............................................................................................1 

Effects of real and simulated spaceflight on muscle ....................................1 
Effects of resistance exercise ........................................................................3 
Resistance exercise countermeasure during unloading ................................4 
Training in space............................................................................................4 

AIMS....................................................................................................................5 
METHODS ..........................................................................................................6 

General designs..............................................................................................6 
Subjects ..........................................................................................................7 
Space simulation models ...............................................................................7 
Flywheel devices and training protocols.......................................................8 
Muscle function testing ...............................................................................12 
Electromyography .......................................................................................13 
Muscle volume measurements ....................................................................13 
Single fibre Myosin Heavy Chain analysis.................................................14 
Statistics .......................................................................................................15 

RESULTS ..........................................................................................................16 
Training........................................................................................................16 
Muscle function ...........................................................................................18 
Electromyography .......................................................................................21 
Muscle volume.............................................................................................22 
Myosin heavy chain distribution.................................................................23 
Monitoring and follow-up ...........................................................................24 

DISCUSSION....................................................................................................25 
Effects of bed rest on muscle ......................................................................25 
Resistance exercise countermeasure ...........................................................28 
Implications for space and clinic.................................................................31 

SUMMARY AND CONCLUSIONS ...............................................................33 
ACKNOWLEDGEMENTS ..............................................................................34 
REFERENCES ..................................................................................................38 
PAPER I-V.........................................................................................................49 
 



 

 

LIST OF ABBREVIATIONS 
 
BR Subject group performing bed rest only 
BRE Subject group performing bed rest and resistance exercise 
Con Concentric 
CV Coefficient of variation 
Ecc Eccentric 
EMG Electromyography 
FW Flywheel 
GL Gastrocnemius lateralis 
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MHC Myosin heavy chain 
MRI Magnetic resonance imaging 
MVC Maximal voluntary contraction (Isometric) 
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