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Ultrastructure and compression elasticity of sarcomere in different
activated states using atomic force microscopy

ZHU Jie'?, GUO Lian —hong'®”’ (1. a. Cardiovascular Regeneration Group, Institute of Biophysics, Col-
lege of Science; b. College of Veterinary Medicine, Northwest A&F University, Yangling 712100, China;
2. State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012, China;
3. School of Public Health, Central South University, Changsha 410078, China)

Abstract: Objective To construct a system for studying the ultrastructure and mechanical properties of insect
flight muscle fiber in different activated states so as to carry out cardiac biomechanics study in physiological envi-
ronment, and further promote understanding of the relationship between cardiac structure, mechanical properties
and physiological function, and provide more clues for the basic and clinical research on cardiac diseases. Meth-
ods The ultrastructure of insect flight muscle fibrils in rigor, relaxed and activated state was investigated using
the tapping mode of atomic force microscopy (AFM) , and the elasticity of muscle fibers in different physiological
states was studied using the nanoindentation. Results Sarcomere lengths of insect flight muscle fiber in rigor,
relaxed and activated state were (2.10 +0.05), (3.10+0.10), (2.50 £0.15) um (2 mmol/L Ca** ), (2.60 =
0.25) pm (5 mmol/L Ca’*) and (2.55 £0.15) ym (10 mmol/L Ca** ), respectively, while the A-band length
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maintained at 1.50 ym and I-band changed from 0.7 ~ 1.6 yum. Mechanical test found that the elasticity of different

bands or lines in the same physiological state varied in the order of Z-line > M-line > overlap > I-band. Conclusions
Critical Ca’* concentration for muscle fiber activation was 5 mmol/L, and sarcomere length distributions were in

line with the relative slip theory and structure model, and AFM was the potential tool for the high-resolution study

on ultrastructure and mechanical properties of the muscle fibers.

Key words. Sarcomere; Ultrastructure; Compression elasticity; Atomic force microscopy ( AFM); Mechanical

properties; Biomechanics
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Nonlinear time series analysis of gait stability during walking

HU Fei', GU Dong-yun'?*, DAI Ke-rong'?*, AN Bing-chen’, CHEN Jin-ling', WU Yu'
(1. School of Biomedical Engineering, Shanghai Jiaotong University, Engineering Research Center of Clinical
Translational Digital Medicine, Ministry of Education, Shanghai 200030, China; 2. Shanghai Key Laboratory of
Orthopaedic Implant, Department of Orthopaedics, Shanghai Ninth People’ s Hospital, Shanghai Jiaoctong Uni-
versity School of Medicine, Shanghai 200011, China)

Abstract. Objective To investigate the gait stability of healthy old and young adult volunteers during walking u-
sing the nonlinear time series analysis method so as to comprehensively assess the dynamic balance of human
and provide important references for the prediction of fall risk. Methods The Vicon motion capture system was
used to collect three-dimensional kinematic data of healthy volunteers ( seven old subjects and ten young sub-
jects) at different walking speed (80% , 100% , 120% of the natural walking speed). The anterior-posterior and
medio-lateral motions of the seventh cervical and tenth thoracic vertebrae, as well as the flexion-extension and
abduction-adduction angles of the lower extremity joints, were obtained from 30 consecutive gait cycles to calcu-
late the largest Lyapunov exponents and analyze the difference of gait stability between the old and young group
and the influence of walking speed on gait stability. Results The gait stability in the young group was better than
that in the old group, and there were significant differences in certain motion segments ( P<0.01). The gait sta-
bility in both groups were reduced with the increase of speed (P <0.05). Conclusions The largest Lyapunov
exponent based on nonlinear time series analysis method can be used to effectively and quantitatively analyze the
gait stability of each motion segment in human during walking.

Key words: Nonlinear time series; Gait analysis; Stability; Falls; Walking speed; Kinematics
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