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Combined Musculoskeletal Multi-Body Dynamics and Finite Element

Investigation for Customized Scapular Locking Plate

FAN Xunjian'*, CHEN Zhenxian**, CAO Zhuo', XIA Zhihui', CHEN Jun', JIN Zhongmin®®

(1. Institute of Mechanical Manufacturing Technology, China Academy of Engineering Physics, Mianyang, Sichuan 621900, China;
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Abstract: A combined method of customized musculoskeletal multi-body dynamics (MBD) and
finite element (FE) modelling is proposed to overcome the difficulties for evaluating the failure of
implant under in vivo physiological loading conditions. Following the related data from an adult
male, the subject-specific upper extremity musculoskeletal MBD model and the corresponding
scapular fracture fixation FE model are established to simulate arm abduction and forward flexion

movements with the musculoskeletal MBD software AnyBody and the FE software Abaqus. The
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glenohumeral joint forces and all muscle forces calculated by the MBD analysis are applied to the
FE model, and von Mises stresses are obtained to investigate the validity of the new-designed
locking plate compared with the traditional reconstruction plate under in vivo physiological
loading conditions. The maximum glenohumeral joint forces reach 428 N and 379 N observed at
90° of abduction and 45° of flexion respectively. The corresponding maximum Von Mises stresses
of the 2. 6 mm thickness new-designed plate with values of 118 MPa and 113 MPa, are lower than
those of the 3 mm thickness traditional reconstruction plate with values of 128 MPa and 142
MPa.

subject-specific anatomical differences and provide in vivo loading conditions for biomechanical

The combined method of musculoskeletal MBD and FE modelling allows to consider

investigation of implants, which contributes to improve prosthetic design, surgical operation and
postoperative recovery.

Keywords: subject-specific; scapular locking plate; in vivo loading; musculoskeletal multi-body

dynamics; finite element; biomechanics
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