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ABSTRACT

The human body is an intricate network of organs, bones, muscles, and connecting tissues.
Each part of human anatomy instigates macro and micro-scaled physiological phenomena
governed by laws of physics. The coordinated functioning of all the features of human anatomy
aids us in doing simpler to complicated tasks of our daily life. Activities quintessential for
locomotion, like walking, running, and jumping crucially use the human body's lower
extremities. The musculoskeletal artwork of the lower extremity is a complex network of
structural elements like bones and soft tissues such as muscles, ligaments, and tendons. A
musculoskeletal model of the lower extremity was modelled in OpenSim with 25 bundles of
dense connective tissues, femoral cartilage, and meniscus in the knee joint and with 66 bundles
of dense connective tissues, 65 muscles and 30 tendons in the ankle-foot complex, comprising
of 13 rigid body segments and 24 degrees of freedom. Computed tomography (CT) data of
human ankle joint-foot complex was segmented using Mimics ® (Version 17.0, Materialise,
Belgium) to obtain models of the cartilages and bones of the ankle joint-foot complex. The
position and resting lengths of the DCTs were attained from the MRI data and literature. Five
joints, namely, tibiotalar, subtalar, chopart, tarsometatarsal (TMT), and metatarsophalangeal
(MTP) joints and their joint axes were formulated to yield 24 DOFs. Furthermore, the force-
length characteristics of dense connective tissues (DCTs) vary non-linearly as a function of
strain rate. However, there is no class of OpenSim® available to incorporate the effect of strain
rate into the OpenSim® model. A plugin for the ligaments in OpenSim was modelled using a
structural constitutive model with the ability to estimate tensile forces as a function of the
subject's velocity. A new class object termed as NonLinearLigament was formulated using a
customized plugin based on a structural constitutive model. An application of the
comprehensive model was also discussed in the thesis to estimate the force in ligaments during

different dynamic activities. a nonlinear strain rate dependent plugin developed for the



OpenSim® platform was used to estimate the instantaneous strain rate (ISR) and the forces on
the ACL’s anteromedial (aACL) and posterolateral (pACL) bundles during walking and sudden
change of direction of running termed as ‘plant-and-cut’ (PC). The authors obtained the
kinematics data for walking via optical motion capture. PC movements, along with running
kinematics, were obtained from the literature. A nonlinear plugin developed for ligaments was
interfaced with OpenSim® platform to simulate walking and PC motions with a flexed knee
and an extended knee. PC phase is sandwiched between an approach phase and take-off phase
and was studied at various event velocities (1.8, 3, and 4.2 m s™1), and angles of PC (23°, 34°,
and 45°) as encountered in adult ball games. The proposed model is open source in SImTK for

use and further development by researchers and medical practitioners.
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