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PREFACE

This book was developed with biomechanics, biomed-
ical engineering, and kinesiology students and labora-
tory researchers in mind. The purpose of this book is 
to outline concisely and extensively the mathematical 
and technical tools necessary for investigating human 
and animal motion. In the past, such information 
had to be gleaned from disparate sources, including 
the periodical literature, or through hands-on dem-
onstrations by professors or seasoned researchers. 
Our text provides students and researchers with the 
tools necessary to collect and analyze the mechanical 
characteristics of human movements using current 
biomechanical technologies.

The authors assume that the readers have taken 
an introductory course in biomechanics or Newto-
nian or engineering mechanics. Readers should have 
an understanding of vectors and elementary vector 
algebra and be familiar with the International System 
of Units (SI), although these areas are reviewed. Fur-
thermore, readers should know the fundamental 
laws of mechanics, namely Newton’s laws, and basic 
human musculoskeletal anatomy. The text examines 
how these laws apply to complex human motions, 
including the analysis of a human motion segment 
by segment and combining segments for limb or 
total body measures. Although knowledge of human 
anatomy is desirable, it is not essential for in-depth 
understanding of the analytical tools described.

The text is divided into 11 chapters in three parts. 
Part I describes the area called kinematics, which is 
concerned with motion description without regard to 
its causes. This section and part II include chapters 
specifi cally concerned with two-dimensional (2-D) 
and three-dimensional (3-D) analyses. Therefore, the 
text can be used for both intermediate and advanced 
courses in biomechanics, ensuring continuity of ter-
minology from year to year. In an intermediate-level 
course, it is often unnecessary to perform complex 
3-D methods to answer particular biomechanical 
questions. Therefore, suitable methods are outlined 
using two dimensions alone. If the motion under 
study is not planar, appropriate 3-D methodologies 
are included.

Part II pertains to the kinetic analysis of human 
motion—kinetics being the study of causes of 

motion. In general, this means the quantifi cation 
of forces and the work, impulse, and power produced 
by forces. One chapter describes how to obtain vari-
ous body segment parameters, such as mass, center 
of gravity, and moment of inertia. Not only are 
segmental parameters derived, but also methods 
for determining the total body’s center of gravity 
and moment of inertia. As in part I, part II contains 
chapters on 2-D and 3-D kinetic analyses. Further-
more, methods for measuring forces and moments 
of force both directly and indirectly are presented. In 
biomechanics, it is rarely possible to directly measure 
forces in muscles and ligaments. These forces are 
estimated using a process called inverse dynamics. 
A method to perform inverse dynamics is outlined 
systematically, with explanations about its limitations 
and interpretation.

Part III contains four chapters about electromyo-
graphic kinesiology, muscle modeling, computer 
simulation, and signal processing. Electromyogra-
phy (EMG) is the fi eld of study that records and 
interprets the electrical signals produced by skeletal 
muscles when they are recruited to produce force. 
This discipline offers a direct way of determining 
the sequence of muscle activities and, therefore, 
explains how the brain and peripheral nervous 
system act together to coordinate human move-
ments. Muscle modeling is a method of indirectly 
estimating the forces produced by individual 
muscles during a movement sequence. This is 
important, because it is not possible to measure 
these forces directly without using surgical interven-
tion. Computer simulation involves the process of 
forward dynamics, in which a model of the musculo-
skeletal system predicts the kinematic motion from 
a set of initial conditions and prescribed kinetic 
patterns. Simulation allows researchers to explore 
optimal movement patterns, the effects of possible 
surgical interventions, and the role of specifi c 
muscles to a motion sequence. The fi nal chapter, 
on signal processing, outlines technologies used 
when noise is present and needs to be removed. 
This technological area is of special interest when 
smoothing displacement signals prior to double dif-
ferentiation (to obtain acceleration) or to analyze 
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the frequency characteristics of EMG signals from 
muscle contractions.

The text concludes with a summary of SI units, 
conversion factors for converting measurements 
from American to SI units, an outline of basic elec-
tronics, outlines of vector and matrix mathematics, 

derivations and numerical integrations of double 
pendulum equations, and two computer subrou-
tines for signal analysis. The book’s glossary defi nes 
biomechanical terminology, and the index provides 
a quick reference for fi nding essential biomechanical 
concepts outlined in the text.
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