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[ Abstract] As an important branch and frontier of biomechanics, sports biomechanics has made significant progress in
acquiring motion data, measuring mechanical parameters, and establishing human dynamics models in recent years, which also
impact the fields of injury prevention and rehabilitation. Accurate measurement and estimation of the human internal force
environment formed by the kinematic, biological, and morphological interaction, are the focus and difficulty of sports biomechanics
research. Besides, personalized data acquisition and model building are also the key to obtain physically and physiologically effective
tissue biomechanical prediction. This paper reviews the research and development of human kinematics and dynamics, providing a
systematic and comprehensive framework for the analysis methods of sports biomechanics, and look forward to the future application
and development trend of the discipline, and provide references for researchers in related fields.
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Fig.1 Structural and mechanical properties of bone
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(a) Anisotropy of long bones?™; (b) Demonstration of typical trabecular patterns in the proximal femur
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Fig.2 Mechanical model of skeletal muscle
(a) WIA=CHBIM; (b)) REE-SRAME™: (o) HEE- 1k

(a) Common three-element modell*'’; (b)Length-tension curvel*?;

(c) Velocity-force curvel*!
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Fig.3 Mechanical properties of tendons/ligaments
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(a) Stress-strain curves of nonlinear elastic materials; (b) Creep of viscoelastic materials; (c) Stress relaxation of viscoelastic materials; (d) Hysteresis of viscoelastic materials
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Fig. 4 Mechanical properties of cartilage
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(a) Strain response ¢ of cartilage samples under constant applied stress o ;

(b) Theoretical tensile load curves at infinitely high and infinitely low strain rates (A—B: stress relaxation, A—C: creep)
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Fig.5 Kinematics model of human joint
(a) VYRR R GRMAFRR I, (b)) Sl R G PERIC 5 AR RIS AR R A0
(o) WRBOCHAAET, (d) MO IERHE SRR (o) OCTTIER:E sh i chL fA ik ™

(a) The transformation of link local coordinate system to global coordinate system™; (b) The transformation of marker point

[86].

coordinate system and Anatomical coordinate system in optical capture system™; (c) Classification of synovial joint!*”);

(d) Knee joint motion described with Euler angles®®; (e) elbow joint 'motion described with Euler angles
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Fig. 6 Commonly used motion capture systems
(a) JEFHHR RS (b) BHWRHEIT; (o) BCF X LB RS

(a) Optical capture system; (b) Inertial measurement unit; (c¢) Dual-Fluoroscopy Imaging System
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[ WK 7 (¢) ] . Purevsuren Z¢ 122ii F A] 22883z 3143
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Fig.7 Demonstration of 3D force table
(a) WAHAFSIREAY, (b) THERWAARE"": (o) FIMIERI TR0

(a) Signal calculation principle of force table!'*!); (b) Wearable force table system!''”); (c) Lower limb mechanical model with external force
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Fig. 8 Implantable stress and strain sensors

(a) 225y AIZERERAALEERSY, (b)) LRt (o) BRBA TG i AL

(a) Differential variable reluctance sensor ['*; (b) Buckle-type sensor!'?”; (c) Instrumented knee joint implants!'?*)
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B9 MENTHHGFETTE
Fig. 9 Imaging methods for measuring strain
(a) HFHRSAREOWET; (b) EFRABIEIMEDTY, (o) ML E "

(2) Measurement based on magnetic resonance imaging!"**); (b) Measurement based on ultrasound speckle!
[137]

136].
B

(c) Measurement based on ultrasound combined with optical capture’
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Fig.10 Calculation framework of biomechanical models of human motion
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Fig.11 Classification of human motion modeling’
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