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Artificial gravity through short-arm centrifugation as poten-
tial countermeasure for human spaceflight:  

Feasibility, safety and neuromuscular response 
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Figure 1: Development of inflight exercise devices across decades of spaceflight (adapted from Hackney et al. [35]) 
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Figure 4: Different concepts of intravehicular suits to provide static loading that mimics Earth gravity. Left: Pinqvin-3 suit on 
ISS Expedition 4 (image: NASA ISS004-E-9194) [36]  Right: Gravity Loading Countermeasure Suit (Skinsuit) [37, 38] 

�

��������*�����
(� �
������
(�<��������� M2=N,������
�� �
��(������
����������������
���������
�� ���

������%�������)�������
(��
�,���������,����
������<����
���
���<��������
����M�;,�20N+�C����
���
��,�	���

���������� ��

�
(�7���������
�������������������;.O��?���� �����
(,�*��� �������� �
��
�<�-=�:1O����)�

Figure 2: Astronaut Steve Lindsey squats us-
ing the Advanced Resistive Exercise Device 
(ARED) (cc: NASA) 

Figure 3: Astronaut Frank De Winne runs 
on the Combined Operational Load 
Bearing Resistance Treadmill (COLBERT) 
(cc: NASA) 
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Figure 5: Gravity gradient across the body longitudinal axis and the effects of the gravito-intertial acceleration during supine 

short radius centrifugation on Earth and in space [50] 
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