Dynamic Modeling Of Musculoskeletal Motion A Vectorized
Approach For Biomechanical Analysis In Three

Every year workers' low-back, hand, and arm problems lead to
time away from jobs and reduce the nation's economic
productivity. The connection of these problems to workplace
activities—-from carrying boxes to lifting patients to
pounding computer keyboards-is the subject of major
disagreements among workers, employers, advocacy groups, and
researchers. Musculoskeletal Disorders and the Workplace
examines the scientific basis for connecting musculoskeletal
disorders with the workplace, considering people, job tasks,
and work environments. A multidisciplinary panel draws
conclusions about the likelihood of causal links and the
effectiveness of various intervention strategies. The panel
also offers recommendations for what actions can be
considered on the basis of current information and for
closing information gaps. This book presents the latest
information on the prevalence, incidence, and costs of
musculoskeletal disorders and identifies factors that
influence injury reporting. It reviews the broad scope of
evidence: epidemiological studies of physical and
psychosocial variables, basic biology, biomechanics, and
physical and behavioral responses to stress. Given the
magnitude of the problem—approximately 1 million people miss
some work each year—and the current trends in workplace
practices, this volume will be a must for advocates for
workplace health, policy makers, employers, employees,
medical professionals, engineers, lawyers, and labor
officials.

A quantitative approach to studying human biomechanics,
presenting principles of classical mechanics using case
studies involving human movement. Vector algebra and vector
differentiation are used to describe the motion of objects
and 3D motion mechanics are treated in depth. Diagrams and
software-created sequences are used to illustrate human
movement .

The two-volume set LNCS 10286 + 10287 constitutes the
refereed proceedings of the 8th International Conference on
Digital Human Modeling and Applications in Health, Safety,
Ergonomics, and Risk Management, DHM 2017, held as part of
HCI International 2017 in Vancouver, BC, Canada. HCII 2017

received a total of 4340 subm&fsions, of which 1228 papers
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were accepted for publication after a careful reviewing
process. The 75 papers presented in these volumes were
organized in topical sections as follows: Part I:

anthropometry, ergonomics, design and comfort; human body

and motion modelling; smart human-centered service system
design; and human-robot interaction. Part II: clinical and
health information systems; health and aging; health data
analytics and visualization; and design for safety.

Using Motion Analysis Techniques and Musculoskeletal

Modeling of the Spine to Better Understand Spinal Disorders

and Evaluate Treatment Effects

Proceedings : May 26-29, 1999, Geneva, Switzerland

Handbook of Biomineralization

Musculoskeletal Disorders and the Workplace

Theoretical Biomechanics

Low Back and Upper Extremities

The book involves the basic principles, methods, anatomy and other knowledge for
modelling and simulation of the musculoskeletal system. In addition, abundant
examples are presented in detail to help readers easily learn the principles and methods
of modelling and simulation. These examples include the impact injury and clinical
application of the modelling of bone and muscle. In terms of impact injury, the book
introduces the biomechanical simulation of impact injury in head, spine, ankle, knee,
eyeball and many other parts. With regard to clinical application, it explores the
optimization of orthopaedic surgery and design of orthopaedic implants. Readers will
find this is a highly informative and carefully presented book, introducing not only the
biomechanical principles in the musculoskeletal system, but also the application
abilities of modelling and simulation on the musculoskeletal system.

We describe a semi-automatic technique for modeling and animating complex
musculoskeletal systems using a strand based muscle model. Using our interactive
tools, we are able to generate the motion of tendons and muscles under the skin of a
traditionally animated character. This is achieved by integrating the traditional
animation pipeline with a biomechanical simulator capable of dynamic simulation with
complex routing constraints on muscles and tendons. We integrate our musculoskeletal
modeling and animation toolkit into a professional 3D production environment,
thereby enabling artists and scientists to create complex musculoskeletal systems that
were previously inaccessible to them. We demonstrate the applications of our tools to
the visual effects industry with several animations of the human hand and applications
to the biomechanics community with a novel model of the human shoulder.
Neuromechanics is a new, quickly growing field of neuroscience research that merges
neurophysiology, biomechanics and motor control and aims at understanding living
systems and their elements through interactions between their neural and mechanical
dynamic properties. Although research in Neuromechanics is not limited by

computational approaches, neuromechanical modeling is a powerful tool that allows
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for integration of massive knowledge gained in the past several decades in organization
of motion related brain and spinal cord activity, various body sensors and reflex
pathways, muscle mechanical and physiological properties and detailed quantitative
morphology of musculoskeletal systems. Recent work in neuromechanical modeling
has demonstrated advantages of such an integrative approach and led to discoveries of
new emergent properties of neuromechanical systems. Neuromechanical Modeling of
Posture and Locomotion will cover a wide range of topics from theoretical studies
linking the organization of reflex pathways and central pattern generating circuits with
morphology and mechanics of the musculoskeletal system (Burkholder; Nichols;
Shevtsova et al.) to detailed neuromechanical models of postural and locomotor control
(Bunderson; Edwards, Marking et al., Ting). Furthermore, uniquely diverse modeling
approaches will be presented in the book including a theoretical dynamic analysis of
locomotor phase transitions (Spardy and Rubin), a hybrid computational modeling that
allows for in vivo interactions between parts of a living organism and a computer
model (Edwards et al.), a physical neuromechanical model of the human locomotor
system (Lewis), and others.

Medical and Clinical Aspects

Proceedings of the 21st International Congress of Theoretical and Applied Mechanics,
Warsaw, Poland, 15-21 August 2004

The Science of Sports, Robotics, and Rehabilitation

Selected Papers from the 16th International Symposium CMBBE and 4th Conference
on Imaging and Visualization, August 14-16, 2019, New York City, USA

Modeling of Data Uncertainty and Knowledge

26th Annual International Conference of the IEEE Engineering in Medicine and
Biology Society : Conference Proceedings : Linkages for Innovation in Biomedicine :
1-5 September, 2004, San Francisco, California

This book gathers selected, extended and revised contributions to the 16th International
Symposium on Computer Methods in Biomechanics and Biomedical Engineering, and the

4th Conference on Imaging and Visualization (CMBBE 2019), held on August 14-16, 2019, in

New York City, USA. It reports on cutting-edge models and algorithms for studying various

tissues and organs in normal and pathological conditions; innovative imaging and

visualization techniques; and the latest diagnostic tools. Further topics addressed include:
numerical methods, machine learning approaches, FEM models, and high-resolution

imaging and real-time visualization methods applied for biomedical purposes. Given the

scope of its coverage, the book provides graduate students and researchers with a timely

and insightful snapshot of the latest research and current challenges in biomedical

engineering, computational biomechanics and biological imaging, as well as a source of
inspiration for future research and cross-disciplinary collaborations.

In the last three or four decades, studies of biomechanics have expanded from simple topical
applications of elementary mechanics to entire areas of study. Studies and research in
biomechanics now exceed those in basic mechanics itself, underlining the continuing and
increasing importance of this area of study. With an emphasis on biodynamic modeling,
Fundamentals of Biomechanics provides an accessible, basic understanding of the principles

of biomechanics analyses. Following a brief introductory chapter, the book reviews gross

human anatomy and basic terminology currently in use. It describes methods of analysis

from elementary mathematics to elementar%/ryechanics and goes on to fundamental
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concepts of the mechanics of materials. It then covers the modeling of biosystems and
provides a brief overview of tissue biomechanics. The author then introduces the concepts of
biodynamics and human body modeling, looking at the fundamentals of the kinematics, the
kinetics, and the inertial properties of human body models. He supplies a more detailed
analysis of kinematics, kinetics, and dynamics of these models and discusses the numerical
procedures for solving the governing dynamical equations. The book concludes with a
review of a few example applications of biodynamic models such as simple lifting,
maneuvering in space, walking, swimming, and crash victim simulation. The inclusion of
extensive lists of problems of varying difficulty, references, and an extensive bibliography
add breadth and depth to the coverage. Focusing on biodynamic modeling to a degree not
found in other texts, this book equips readers with the expertise in biomechanics they need
for advanced studies, research, and employment in biomedical engineering.

Musculoskeletal modeling possesses the ability to provide information on physiological
parameters that cannot be directly measured. However, the validity of the results must be
assessed to ensure that the model is sufficiently robust to recreate the mechanics occurring
in vivo. The most widely used model of the upper extremity, MoBL ARMS, possesses
limitations in representing natural scapular kinematics. Motion capture offers reliable
quantification of humerothoracic (HT) motion, but accurate measurements of
scapulothoracic (ST) and glenohumeral (GH) contributions to dynamic HT motion are
difficult to obtain. In an effort to circumvent this issue, the MoBL ARMS model prescribes ST
kinematics that relate to HT motion via regression equations, creating a relationship referred
to as scapular rhythm. It is unknown how well this model replicates natural scapular
kinematics for motions that generally follow the rhythm, such as shoulder abduction, and
those that do not, such as forward reach. Furthermore, it is unknown how scapular kinematic
differences affect the torque demands on the GH joint and ultimately influence model-
predicted muscle activations. The purpose of this study was to evaluate the validity of the
MoBL ARMS model, and specifically, the validity of using prescribed scapular kinematics to
replicate natural, unconstrained scapular motion. The expected outcomes include a clear
understanding of 1) how well the scapular rhythm model can recreate natural ST motion
during shoulder abduction and forward reach, 2) how kinematic differences affect GH torque
demands, and 3) how kinematic differences influence model-predicted muscle activations.
The orientations of the trunk, scapula, and upper extremity segments of five healthy subjects
were measured with motion capture during two motions- shoulder abduction and forward
reach. Simultaneously, fine-wire and surface electromyography (EMG) was collected for 17
muscles of the shoulder. Simulations were run on the published and publicly available MoBL
ARMS model that prescribes ST kinematics, and a modified version of the model that allows
for natural, unprescribed scapular kinematics. Differences between the two versions of the
model indicated how well prescribed kinematics followed natural scapular motion and how
ST kinematic errors influenced GH joint torques. Finally, model-predicted muscle activations
were compared with EMG. Results demonstrated that the scapular rhythm of the MoBL
ARMS model is not capable of replicating ST kinematics to a clinical meaningful degree
(within 10 degrees). Despite the substantial kinematic errors, only modest errors in GH
torque were observed. Model-predicted muscle activations displayed moderate agreement
with EMG for on/off timing; however, correlations between the model’ s activations and
EMG were poor. Agreement between the model and EMG was greater for prime movers than
for stabilizing and inactive muscles. These results show that the model may be able to
recreate the activations of muscles which drive a motion, but is not sensitive enough to
reliably predict the activities of those with subtler functions. Agreement between the model-
predicted muscle activations and EMG did not appear to be related to ST kinematic errors.

Considering the lack of a clear link between ST kinematic error magnitude and improved
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activation agreement, it can be inferred that other factors play a substantial role in
determining model results. These findings can aid researchers in choosing which future
applications are suitable for investigation with the MoBL ARMS model and assist in
interpretation of model results.

Mechanics and Design in Musculoskeletal Systems

Safety

Computational Methods and Applications

Fundamentals of Biomechanics

Computer Methods, Imaging and Visualization in Biomechanics and Biomedical Engineering
Evaluation of the Effect of Scapular Motion on Musculoskeletal Modeling of the Shoulder and
Upper Extremity

The picture on the front cover of this book depicts a young man pulling a fishnet, a task
of practical relevance for many centuries. It is a complex task, involving load
transmission throughout the body, intricate balance, and eye head-hand coordination.
The quest toward understanding how we perform such tasks with skill and grace, often
in the presence of unpredictable pertur bations, has a long history. However, despite a
history of magnificent sculptures and drawings of the human body which vividly depict
muscle ac tivity and interaction, until more recent times our state of knowledge of
human movement was rather primitive. During the past century this has changed; we
now have developed a considerable database regarding the com position and basic
properties of muscle and nerve tissue and the basic causal relations between neural
function and biomechanical movement. Over the last few decades we have also seen an
increased appreciation of the impor tance of musculoskeletal biomechanics: the
neuromotor system must control movement within a world governed by mechanical
laws. We have now col lected quantitative data for a wealth of human movements. Our
capacity to understand the data we collect has been enhanced by our continually
evolving modeling capabilities and by the availability of computational power. What
have we learned? This book is designed to help synthesize our current knowledge
regarding the role of muscles in human movement. The study of human movement is
not a mature discipline.

The Handbook of Human Motion is a large cross-disciplinary reference work which
covers the many interlinked facets of the science and technology of human motion and
its measurement. Individual chapters cover fundamental principles and technological
developments, the state-of-the-art and consider applications across four broad and
interconnected fields; medicine, sport, forensics and animation. The huge strides in
technological advancement made over the past century make it possible to measure
motion with unprecedented precision, but also lead to new challenges. This work
introduces the many different approaches and systems used in motion capture,
including IR and ultrasound, mechanical systems and video, plus some emerging
techniques. The large variety of techniques used for the study of motion science in
medicine can make analysis a complicated process, but extremely effective for the
treatment of the patient when well utilised. The handbook descri bes how motion
capture techniques are applied in medicine, and shows how the resulting analysis can
help in diagnosis and treatment. A closely related field, sports science involves a
combination of in-depth medical knowledge and detailed understanding of performance
and training techniques, and motion capture can play an extremely important role in
linking these disciplines. The handbook considers which technologies are most
appropriate in specific circumstances, how they are applied and how this can help
prevent injury and improve sporting performance. The application of motion capture in

forensic science and security is reviewed, with chapters dedicated to specific areas
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including employment law, injury analysis, criminal activity and motion/facial
recognition. And in the final area of application, the book describes how novel motion
capture techniques have been designed specifically to aid the creation of increasingly
realistic animation within films and v ideo games, with Lord of the Rings and Avatar just
two examples. Chapters will provide an overview of the bespoke motion capture
techniques developed for animation, how these have influenced advances in film and
game design, and the links to behavioural studies, both in humans and in robotics.
Comprising a cross-referenced compendium of different techniques and applications
across a broad field, the Handbook of Human Motion provides the reader with a detailed
reference and simultaneously a source of inspiration for future work. The book will be of
use to students, researchers, engineers and others working in any field relevant to
human motion capture.

Previous research has shown that patients with weak or paralyzed muscles use
compensatory strategies to perform functional tasks. The knowledge of compensatory
strategies can help rehabilitation experts identify alternate muscles which can help
improve range of motion upon strengthening. It is difficult to study such compensatory
strategies for individual muscle weakness in vivo. Computational models have proven
to be very useful in upper extremity biomechanics for the study of joint stability, muscle
coordination and design of neuroprosthetic devices. However, these studies used
inverse dynamic simulations which have limited capability to study the causal
relationships between model parameters. A forward dynamic simulation could be useful
to elucidate relationships between model parameters and to study compensatory
strategies of the musculoskeletal system. We developed a computational tool using
optimization and forward dynamic simulations of upper extremity movements to
estimate muscle activation patterns, study effects of selective muscle weakness and
examine possible applications in designing rehabilitation protocols. The
musculoskeletal model was actuated by 26 muscle elements which crossed the
shoulder complex and elbow joint. The simulation technique for estimating activation
patterns was verified by comparing its outputs with recorded kinematics and EMG data
for four different activities. The four activities were shoulder abduction in three planes
of elevation and an activity of daily living which involved reaching to a shelf. Simulated
annealing optimization was used and the output activations were compared with
recorded EMG for 7 muscles with an average cross-correlation of 0.835 across four
activities. This approach provided a useful tool which can be applied to the study of
coordination patterns with altered musculoskeletal properties or in designing
rehabilitation protocols like strength training. The simulations with individual muscle
weakness estimated muscle activations required to track kinematic data of an able-
bodied subject for shoulder abduction in three different elevation planes. The
comparison of the results with normal activation patterns reflected the strategy used to
compensate for selective muscle weakness. Weakness in middle deltoid was found to
be compensated by supraspinatus and weakness in subscapularis was compensated by
anterior deltoid, while weakness in infraspinatus required changes in activation of
multiple muscles. We reduced the strength of multiple muscles to simulate the effects
of aging and predicted the muscles which could improve shoulder range of motion if
strengthened. The results showed that an increase in the strength of middle deltoid,
posterior deltoid and supraspinatus by 5%, 10% and 16% respectively would achieve
10.5% increase in shoulder elevation compared to the aged condition. These results
provide quantitative information on optimal muscles to strengthen to achieve normal
abduction, which could be further useful for the effective design of strength training

protocols.
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American Book Publishing Record

Optimal Control and Multibody Dynamic Modelling of Human Musculoskeletal Systems
Biomechanics of the Musculoskeletal System

Biomechanical Modelling and Simulation on Musculoskeletal System

Integration of an Adaptive Ground Construct Model Into the Dynamic Simulation of Gait
Multiple Muscle Systems

During last couple of years there has been an increasing recognition that problems arising in
biology or related to medicine really need a multidisciplinary approach. For this reason some
special branches of both applied theoretical physics and mathematics have recently emerged
such as biomechanics, mechanobiology, mathematical biology, biothermodynamics. This first
section of the book, General notes on biomechanics and mechanobiology, comprises from
theoretical contributions to Biomechanics often providing hypothesis or rationale for a given
phenomenon that experiment or clinical study cannot provide. It deals with mechanical
properties of living cells and tissues, mechanobiology of fracture healing or evolution of
locomotor trends in extinct terrestrial giants. The second section, Biomechanical modelling, is
devoted to the rapidly growing field of biomechanical models and modelling approaches to
improve our understanding about processes in human body. The last section called
Locomotion and joint biomechanics is a collection of works on description and analysis of
human locomotion, joint stability and acting forces.

This first comprehensive overview of the modern aspects of biomineralization represents life
and materials science at its best: Bioinspired pathways are the hot topics in many disciplines
and this holds especially true for biomineralization. Here, the editors - well-known members of
associations and prestigious institutes - have assembled an international team of renowned
authors to provide first-hand research results. This third volume deals with biomineralization in
medicine, paying closer attention to bones, teeth and pathological calcifications. An
interdisciplinary must-have account, for biochemists, bioinorganic chemists, lecturers in
chemistry and biochemistry, materials scientists, biologists, and solid state physicists.

An engaging introduction to human and animal movement seen through the lens of mechanics.
How do Olympic sprinters run so fast? Why do astronauts adopt a bounding gait on the moon?
How do running shoes improve performance while preventing injuries? This engaging and
generously illustrated book answers these questions by examining human and animal
movement through the lens of mechanics. The authors present simple conceptual models to
study walking and running and apply mechanical principles to a range of interesting examples.
They explore the biology of how movement is produced, examining the structure of a muscle
down to its microscopic force-generating motors. Drawing on their deep expertise, the authors
describe how to create simulations that provide insight into muscle coordination during walking
and running, suggest treatments to improve function following injury, and help design devices
that enhance human performance.

Journal of Biomechanical Engineering

Biomechanics and Movement Organization

Interactive Tools for Biomechanical Modeling and Realistic Animation

Mathematical Reviews

Neuroprosthetics: from Basic Research to Clinical Applications

Human Body Dynamics

The volume contains papers presented at a workshop of held from September 28 - October 1st in
Eibsee near Munich, Germany. The aim of the workshop was to present results of interdisciplinary
research which aims to help handicapped persons suffering from paraplegia or hemiplegia to regain
the capability to stand or walk. The contributions cover both fundamental research and clinical
applications.
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The topic of this book is the modeling of data uncertainty and knowledge for a health engineering
problem such as the biomechanics of the musculoskeletal system. This is the first book on this
subject. It begins with the state of the art in related topics such as data uncertainty, knowledge
modeling, and the biomechanics of the musculoskeletal system, followed by fundamental and
theoretical aspects of this field. Clinically relevant applications of musculoskeletal system modeling
are then introduced. The book finishes with a chapter on practical software and tools for knowledge
modeling and reasoning purposes.
The ECCOMAS Thematic Conference Multibody Dynamics 2005 was held in Madrid, representing
the second edition of a series which began in Lisbon 2003. This book contains the revised and
extended versions of selected conference communications, representing the state-of-the-art in the
advances on computational multibody models, from the most abstract mathematical developments
to practical engineering applications.
Interactive Modeling and Analysis of Dynamic Systems with Applications to the Musculoskeletal
Structure
8th International Conference, DHM 2017, Held as Part of HCI International 2017, Vancouver, BC,
Canada, July 9-14, 2017, Proceedings, Part |
Computational Biomechanics of the Musculoskeletal System
The British National Bibliography
Biomechanics of Movement
Dynamic Modeling of Musculoskeletal Motion
Computational biomechanics is an emerging research field that
seeks to understand the complex biomechanical behaviors of
normal and pathological human joints to come up with new methods
of orthopedic treatment and rehabilitation. Computational
Biomechanics of the Musculoskeletal System collects the latest
research and cutting-edge techniques used in computational
biomechanics, focusing on orthopedic and rehabilitation
engineering applications. The book covers state-of-the-art
techniques and the latest research related to computational
biomechanics, in particular finite element analysis and its
potential applications in orthopedics and rehabilitation
engineering. It offers a glimpse into the exciting potentials
for computational modeling in medical research and biomechanical
simulation. The book is organized according to anatomical
location—foot and ankle, knee, hip, spine, and head and teeth.
Each chapter details the scientific questions/medical problems
addressed by modeling, basic anatomy of the body part,
computational model development and techniques used, related
experimental studies for model setup and validation, and
clinical applications. Plenty of useful biomechanical
information is provided for a variety of applications,
especially for the optimal design of body support devices and
prosthetic implants. This book is an excellent resource for
engineering students and young researchers in bioengineering.
Clinicians involved in orthopedics and rehabilitation
engineering may find this work to be both informative and highly
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relevant to their clinical practice.
This book addresses the mechanical and structural aspects of the
skeletal system — along with the analysis and design of
orthopaedic implants that are used to repair the system when it
is damaged. Focuses on applications of mechanical engineering in
orthopaedic biomechanics, quantitatative modeling, and improving
the reader's understanding of mechanics. Introduces the
musculoskeletal system, determining loads and motions, the
structure and properties of bone and soft tissue, and stress
analysis of biomechanical systems), as well as introducing
applications of the material (including a basic introduction to
bone-implant systems, fracture fixation devices, hip
replacements, knee replacements, and articulating surfaces). For
those interested in orthopaedic biomechanics, as well as
orthopedic surgeons who wish to learn more about mechanics and
design in the musculoskeletal system.
Human Modelling for Bio-inspired Robotics: Mechanical
Engineering in Assistive Technologies presents the most cutting-
edge research outcomes in the area of mechanical and control
aspects of human functions for macro-scale (human size)
applications. Intended to provide researchers both in academia
and industry with key content on which to base their
developments, this book is organized and written by senior
experts in their fields. Human Modeling for Bio-Inspired
Robotics: Mechanical Engineering in Assistive Technologies
offers a system-level investigation into human mechanisms that
inspire the development of assistive technologies and humanoid
robotics, including topics in modelling of anatomical,
musculoskeletal, neural and cognitive systems, as well as motor
skills, adaptation and integration. Each chapter is written by a
subject expert and discusses its background, research
challenges, key outcomes, application, and future trends. This
book will be especially useful for academic and industry
researchers in this exciting field, as well as graduate-level
students to bring them up to speed with the latest technology in
mechanical design and control aspects of the area. Previous
knowledge of the fundamentals of kinematics, dynamics, control,
and signal processing is assumed. Presents the most recent
research outcomes in the area of mechanical and control aspects
of human functions for macro-scale (human size) applications
Covers background information and fundamental concepts of human
modelling Includes modelling of anatomical, musculoskeletal,
neural and cognitive systems, as well as motor skills,
adaptation, integration, and safety issues Assumes previous
knowledge of the fundamentals of kinematics, dynamics, control,
and signal processing
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Neuromechanical Modeling of Posture and Locomotion
Digital Human Modeling. Applications in Health, Safety,
Ergonomics, and Risk Management: Ergonomics and Design
Human Modeling for Bio-Inspired Robotics
Rear Impact, Rollover, Side Impact, Crashworthiness, Air Bags
and Bumper Systems
Development of Knee Models for Use in Forward Dynamic
Simulations of Movement and Their Effect on Simulation Results
Handbook of Human Motion
Most routine motor tasks are complex, involving load transmission through out the
body, intricate balance, and eye-head-shoulder-hand-torso-leg coor dination. The quest
toward understanding how we perform such tasks with skill and grace, often in the
presence of unpredictable perturbations, has a long history. This book arose from the
Ninth Engineering Foundation Con ference on Biomechanics and Neural Control of
Movement, held in Deer Creek, Ohio, in June 1996. This unique conference, which has
met every 2 to 4 years since the late 1960s, is well known for its informal format that
promotes high-level, up-to-date discussions on the key issues in the field. The intent is
to capture the high quality ofthe knowledge and discourse that is an integral part of this
conference series. The book is organized into ten sections. Section | provides a brief
intro duction to the terminology and conceptual foundations of the field of move ment
science,; it is intended primarily for students. All but two of the re maining nine sections
share a common format: (I) a designated section editor; (2) an introductory didactic
chapter, solicited from recognized lead ers; and (3) three to six state-of-the-art
perspective chapters. Some per spective chapters are followed by commentaries by
selected experts that provide balance and insight. Section VI is the largest section, and
it con sists of nine perspective chapters without commentaries.
This volume contains the proceedings of the 21st International Congress of Theoretical
and Applied Mechanics, ICTAMO4, held in Warsaw, in August 2004. Full texts of 27
invited lectures are included. The book captures a snapshot view of the state-of-the-art
in the field of contemporary mechanics and will be invaluable to engineers and
scientists from a variety of disciplines with interest in the mechanical sciences. The
importance of the influence of contemporary mechanics on other branches of sciences
becomes evident by browsing through over 60 areas of interest selected as subjects of
mini-symposia and pre-nominated sessions. The book gives clear evidence that "...the
progress we have achieved together definitely places mechanics on one of the very top
locations in the hierarchy of modern research disciplines — with tremendous impact on
both our perception of the physical world and the means to implement new
technologies so much improving the quality of our life." (M. Kleiber, Opening Speech).
Musculoskeletal dynamics is a branch of biomechanics that takes advantage of
interdisciplinary models to describe the relation between muscle actuators and the
corresponding motions of the human body. Muscle forces play a principal role in
musculoskeletal dynamics. Unfortunately, these forces cannot be measured non-
invasively. Measuring surface EMGs as a non-invasive technique is recognized as a
surrogate to invasive muscle force measurement; however, these signals do not reflect
the muscle forces accurately. Instead of measurement, mathematical modelling of the
musculoskeletal dynamics is a well established tool to simulate, predict and analyse
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human movements. Computer simulations have been used to estimate a variety of
variables that are difficult or impossible to measure directly, such as joint reaction
forces, muscle forces, metabolic energy consumption, and muscle recruitment patterns.
Musculoskeletal dynamic simulations can be divided into two branches: inverse and
forward dynamics. Inverse dynamics is the approach in which net joint moments and/or
muscle forces are calculated given the measured or specified kinematics. It is the most
popular simulation technique used to study human musculoskeletal dynamics. The
major disadvantage of inverse dynamics is that it is not predictive and can rarely be
used in the cause-effect interpretations. In contrast with inverse dynamics, forward
dynamics can be used to determine the human body movement when it is driven by
known muscle forces. The musculoskeletal system (MSS) is dynamically under-
determinate, i.e., the number of muscles is more than the degrees of freedom (dof) of
the system. This redundancy will lead to infinite solutions of muscle force sets, which
implies that there are infinite ways of recruiting different muscles for a specific motion.
Therefore, there needs to be an extra criterion in order to resolve this issue.
Optimization has been widely used for solving the redundancy of the force-sharing
problem. Optimization is considered as the missing consideration in the dynamics of the
MSS such that, once appended to the under-determinate problem, \numan-like"
movements will be acquired. \Human-like" implies that the human body tends to
minimize a criterion during a movement, e.g., muscle fatigue or metabolic energy. It is
commonly accepted that using those criteria, within the optimization necessary in the
forward dynamic simulations, leads to a reasonable representation of real human
motions. In this thesis, optimal control and forward dynamic simulation of human
musculoskeletal systems are targeted. Forward dynamics requires integration of the
differential equations of motion of the system, which takes a considerable time,
especially within an optimization framework. Therefore, computationally efficient models
are required. Musculoskeletal models in this thesis are implemented in the symbolic
multibody package MapleSim that uses Maple as the leverage. MapleSim generates
the equations of motion governing a multibody system automatically using linear graph
theory. These equations will be simplified and highly optimized for further simulations
taking advantage of symbolic techniques in Maple. The output codes are the best form
for the equations to be applied in optimization-based simulation fields, such as the
research area of this thesis. The specific objectives of this thesis were to develop
frameworks for such predictive simulations and validate the estimations. Simulating
human gait motion is set as the end goal of this research. To successfully achieve that,
several intermediate steps are taken prior to gait modelling. One big step was to
choose an efficient strategy to solve the optimal control and muscle redundancy
problems. The optimal control techniques are benchmarked on simpler models, such as
forearm flexion/extension, to study the efficacy of the proposed approaches more
easily. Another major step to modelling gait is to create a high-fidelity foot-ground
contact model. The foot contact model in this thesis is based on a nonlinear volumetric
approach, which is able to generate the experimental ground reaction forces more
effectively than the previously used models. Although the proposed models and
approaches showed strong potential and capability, there is still room for improvement
in both modelling and validation aspects. These cutting-edge future works can be
followed by any researcher working in the optimal control and forward dynamic
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modelling of human musculoskeletal systems.

Dynamic Modeling of Musculoskeletal Motion : \b

Biomechanics and Neural Control of Posture and Movement

Effect of Selective Muscle Weakness and Application to Rehabilitation

Orthopaedic Biomechanics

Biomedical and Health Research Program (Biomed) of the European Union. Concerted
Action: Restoration of Muscle Activity Through FES and Associated Technology (RAFT)
Multibody Dynamics

Dynamic Modeling of Musculoskeletal Motion introduces biomechanists to modern
methods of modeling and analyzing dynamic biomechanical systems in three
dimensions. Using vector kinematics, the reader is taught a systematic method
which significantly reduces the complexity of working with multiple, moving limb
segments in three dimensions. Operations which usually require the application of
differential calculus are replaced by simple algebraic formulae. To derive dynamical
equations of motion, a practical introduction to Kane's Method is given. Kane's
Method builds upon the foundation of vector kinematics and represents one of the
most exciting theoretical developments of the modern era. Together, these
techniques enable biomechanists to decipher and model living systems with great
realism, efficiency and accuracy. Interwoven with the theoretical presentation are
chapters and examples which highlight the subtle differences between inanimate
linkages and the biomechanical systems we seek to understand.

EMBC 2004

Musculoskeletal Simulation of Upper Extremity Motion

Simulation - Past, Present and Future

A Vectorized Approach for Biomechanical Analysis in Three Dimensions
Computer Animation 1999

Mechanical Engineering in Assistive Technologies
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