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Multidisciplinary computational anatomy of musculoskeletal system:
Function and pathology models of bones, muscles, and joints
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Abstract: Due to increasing interest to healthy life expectancy, the significance of the musculoskeletal system is recognized
more than before. In addition to medicine, musculoskeletal anatomy is related to various sciences and arts including information
science such as human modeling, robotics, and human interface as well as sports science and paining.

In this talk, anatomy-based function and pathology modeling of the musculoskeletal system is presented, which is under
development in the KAKENHI “Multidisciplinary Computational Anatomy (MCA)” project (2014-2018). In contrasted to the
KAKENHI “Computational Anatomy” (2009-2013), in which static and supine-positioned anatomy was assumed, computational
modeling of functional and pathological musculoskeletal anatomy is addressed in the MCA project.

This model consists of mathematical and statistical models on biomechanical anatomy of muscle fibers, muscle attachments
on the bone surfaces, standing-position analysis, and articular motion analysis from the aspect of function, as well as deformation
and recovery processes due to pathological progression and therapy/rehabilitation of osteoarthritis patients from the aspect of
pathology. Further, micro-structures of bones and muscles are analyzed from the both function and pathology aspects. A
comprehensive mathematical and statistical model, in which the above-described functional and pathological properties are
incorporated, is constructed from clinical CT database and other modality data, including micro-CT, X-ray, ultrasound, and
optical tissue images, and 3D shape data. Fundamental technologies for representation and construction of the model are
presented and its applications to segmentation, muscle fiber modeling, and computer-aided diagnosis and therapy are
overviewed.
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