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This research provides a deterministic way to insight into the relationship between physical

behavior and tissue state, which significantly provided a fundamental understanding of human
biomechanics and help treat musculoskeletal disease.

The whole body multi-scale finite element musculoskeletal (FE-MS) model of
humans has been developed with the function of subject-specific.(l) An algorithm for the prediction
of ground reaction force was developed and integrated with the FE-MS model. A super accuracy has
been found in comparison with conventional approaches.(2) It has been applied to the clinical field
and used to understand the effect of lower limb alignment on multi-scale dynamics from knee and body

levels.(3) A wearable motion capture system has been developed for synchronously acquiring the
kinematics and EMG of humans.



Musculoskeletal diseases, such as osteoarthritis and tendinopathy, impose a substantial
burden on individuals and health care systems. It was reported there are around 25.3 million
patients suffering from knee osteoarthritis in Japan. As a community of scientists and
clinicians, we have been largely ineffective in managing MS diseases, as current prevalence,
incidence, and socioeconomic burden are at alarming levels and projected to increase sharply
in the coming decades. We have a limited understanding of how physical behavior, i.e., whole-
body mechanics, influences tissue state, and this could intensify our failure to cure these
prevalent and harmful diseases.

The failure to effectively treat MS disease is frustrating for scientists and clinicians. Awealth
of epidemiologic data detailing risk factors for many MS diseases has been realized, e.g.,
increased age, female sex, body mass, prior joint trauma, and joint structural deformity.
Studies also explored the effects of loading on structure and biology at the tissue and sub-
tissue levels. Integrating experimental results with the whole body-, tissue-, and cell-level
computational models, and using these models to modulate physical behaviors influencing
MS tissue health could be expected as an efficient approach in the treatment of MS disease.

The purpose of this research is to develop a multiscale musculoskeletal digital twin to
deterministically predict the individualized biofeedback and use it to link the physical
behavior and tissue mechanobiology, which could be widely used in the design of
rehabilitation and artificial prosthesis. This proposal provided a deterministic way to insight
into the relationship between physical behavior and tissue state, which will significantly
provide a fundamental understanding for human biomechanics and help treat MS disease.

In this study, a musculoskeletal digital twin by incorporating the wearable motion capture
system and the physics-based finite-element musculoskeletal human model for provide the
deterministic platform in multiscale orthopedic biomechanics, as shown in Fig.1. The
wearable motion capture system included the inertia motion capture system (Xsens Awinda,
Xsens Co. Ltd., Netherlands) and insole force sensor (Pedar system, Novel Co. Ltd., Germany),
which used to acquire the kinematics, axial ground reaction force, and foot-ground contact
trajectory. It is known the foot-ground contact moments, lateral-medial contact force, and
anterior-posterior contact force are essential inputs in the musculoskeletal model, which
cannot be measured by the insole force sensor. In this study, an optimization-based model
was developed with the constraint of the measured foot-ground contact trajectory and axial
ground reaction force. Additionally, a whole-body finite element-based musculoskeletal model
was developed in finite element environment (Abaqus, Dassault system) with python-based
program based on our previous studies.

The predicted ground reaction forces and moments presented good agreement (r2>0.95) with
experimental results during gait cycle with different speed. Additionally, the muscle
activation, knee joint kinematics and contact forces (RMSE: 0.28 body weight, r2: 0.90) were
also compared with the data from CAMS knee dataset. The contact mechanics and stress
were also simultaneously predicted during the simulation. This study has presented an
integral workflow for multiscale orthopedic biomechanics from construction of wearable
motion capture system and subject-specific musculoskeletal digital model, which can be
widely used in the orthopedic field.

The integrated computational framework was used to analyze the knee loading during the
normal, varus, and valgus gaits. The framework can work with only motion inputs. The
ground reaction forces and moments were successfully predicted and then used as input for
further dynamics analysis. The prediction accuracy of the muscle-tendon force optimization
results was acceptable. Consequently, the knee joint loading prediction accuracy is
guaranteed on some level. It is found that the varus and valgus gait will surely introduce
higher knee joint load and muscle load. The metabolic energy efficiency may also be
influenced because of the restricted knee motion ability.
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