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The effect of periodic dynamic mechanical load with different

intensity on microgravity-induced osteoporosis

HAN Biao, ZHANG Xin-chang, LI Hao, ZHANG Xi-zheng ( Institute of Medical Equipment,
Academy of Military Medical Sciences, Tianjin 300161, China)

Abstract; Objective To investigate the role and influence of physiological loading and overloading on microgravi-
ty-induced osteoporosis, so as to find a reliable way to prevent or treat related-orthopedic disorders in astronauts
induced by long-time space activity. Methods The microgravity environment in space was simulated by tail-sus-
pension experiment, then the osteoporosis models of mice were built. A total of 32 C57BL/6J mice were randomly
and evenly separated into four groups: normal group (normal) , tail-suspension group (TS), physiological load-
ing group (loading) and overloading group (overloading). Periodic dynamic mechanical load was applied on the
left tibia in loading group and overloading group during tail-suspension test. After four weeks, tibial mechanical
properties, micro-parameters of bone trabecular, biochemical indices and osteogenesis-related gene expression
in each group were compared and analyzed. Results A great loss of tibial cancellous bone, significantly lower
tibial biomechanical expression, serious damage of microstructure and weaker osteogenic activity were found in
tail-suspended mice as compared with those of normal group. Physiological loading could clearly improve me-
chanical properties of bones, microstructure of bone trabecular, osteogenic activity and relative gene expression
(P<0.05). Overloading could also improve the condition of microgravity-induced osteoporosis, but the effect
was not obvious (P >0.05). Conclusions Tail-suspension can successfully simulate microgravity environment
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and duplicate osteoporosis model. Physiological loading can effectively prevent the emergence and development
of microgravity-induced osteoporosis, while overloading can also counter microgravity-induced osteoporosis, but

the results have no significant differences.
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Fig.1 Scanned pictures of tibia cancellous bone in mice
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Fig.2 Evaluation results of the osteoporosis model (a) Tibia mechanical properties in three-point bending test, (b) Content of serum AKP and

BGP, (c¢) Comparison of trabecular micro-parameters between normal group and TS group
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Fig.3 Comparison of trabecular micro-morphology parameters
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