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Effects of simulated microgravity on mechanical properties of rat
articular cartilage

NIU Hai-jun', WANG Qing’, WANG Yue-xiang’, SUN Lian-wen', LI De-yu', FAN Yu-
bo' (1. Key Laboratory of the Ministry of Education for Biomechanics and Mechanobiology, School of Biological
Science and Medical Engineering, Beihang University, Beijing 100191, China; 2. School of Biomedical Engi-
neering, Southern Medical University, Guangzhou 510515, China; 3. Department of Ultrasound, the General

Hospital of the People’ s Liberation Army, Beijing 100853, China)

Abstract. Objective To explore the effect of simulated microgravity on mechanical properties of articular carti-
lage based on the tail suspension test in rats. Methods Six rats underwent tail suspension for 14 days and the
other 6 rats were kept under normal earth gravity as controls to obtain 12 cartilage samples from the femur. Site-
specified swelling strains were measured using high frequency ultrasound in all cartilage samples subjected to os-
motic loading. The uniaxial modulus of the cartilage was determined by the triphasic theoretical model. The me-
chanical properties of articular cartilage in experimental and control group were also compared. Results The 14-
day tail suspension induced a minor decrease in cartilage thickness at specified site, but the change was not sig-
nificant. Compared with the control group, the unaxial modulus of articular cartilage at specified site was signifi-
cantly decreased from (6. 31 +3.37) MPa to (5.05 +2.98) MPa after tail suspension ( P < 0.05).
ConclusionsThe long-time microgravity condition may affect biomechanical properties of the articular cartilage.
This result will provide some useful information for the long-term human spaceflight.

Key words: Simulated microgravity; Articular cartilage; Mechanical properties; Tail suspension model; High
frequency ultrasound; Unaxial modulus
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Fig.1 Sketch of the tail-suspension rat (a) and picture of the rat
femur and measuring point (b)
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solution (a) At initial time of the experiment, (b) At ending time
of the experiment
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