Preface

This book is designed to be a first course in human biomechan-
ics. Although it was written with an undergraduate kinesiology
student audience in mind, I believe it is equally well suited
for students in a graduate-level clinical curriculum, such as
athletic training, physical therapy, and chiropractic medicine.
This is more of an “ideas” book than a “methods” book, and
it is written under the assumption that students have a rudi-
mentary knowledge of anatomy and algebra. Trigonometry
and geometry are used throughout the book, but “refreshers”
appear at the appropriate places. I do not make use of calculus.
Personally, I think many students have a hard time with
biomechanics because it is taught in an intimidating manner,
with an emphasis on getting the “right numbers” without an
understanding of what the numbers actually mean. I have cho-
sen to take a different approach in this book. First, [have used a
conversational writing style because 1 believe that information
presented this way is easier to understand without sacrificing
rigor. Second, I have tried to make the material less daunting
and more meaningful by presenting a Section Question before
each major section. Tying new concepts to everyday experience
and highlighting research to show how information obtained
in the lab can be applied in practice allows the student to bet-
ter relate to the content. Third, I have placed an emphasis on
concepts over computation and expressing these concepts
physically, mathematically, and graphically. My hope is that
students get an intuitive feel for which way the data should "go”
before ever attempting to calculate a number. It might seem
that my extensive use of equations contradicts this goal, but 1
wanted to introduce the symbaolic logic behind the equations,
and then draw a link between the concepts and the equations.
Graph interpretation allows students to visualize this link,

Each lesson opens with a set of Learning Objectives. Mar-
ginal Key Terms, Tables, Figures, Boxes, and Important Point
boxed features are used throughout the text. Competency
Checks are found after every major section and follow the first
three areas of Bloom's taxonomy: remember, understand, and
apply. An alphabetized Glossary has been placed at the end of
the book for optimum review and study. My goal in organiz-
ing the content in such a fashion is to lead students to better
comprehension and optimal retention.

As for the material itself, T have organized the book into
17 lessons that cover the three levels of biomechanical analy-
sis: whole body, joint, and tissue (bone, cartilage, ligament,
tendon, and muscle). I chose not to move sequentially from
one level to the next but to use a “whole-part-whole” organi-
zation. I begin with elucidating mechanical principles using
the whole body level (point-mass, center of mass, and rigid
body models) and then discuss the basic material mechanics of
biological tissues and unique properties of the muscle-tendon
complex, Throughout my career, I have been influenced by a
systems science perspective, which states that you cannot geta
complete understanding of a system by examining the parts in
isolation. For this reason, the muscle-tendon complex is then
put into a joint system. After reviewing some mechanical prop-
erties of the individual joints of the musculoskeletal system,
the mechanics of multi-joint systems is then introduced. In
Lesson 17, the three levels are integrated in the context of
analyzing movement to improve performance and/or reduce
the risk of injury.

I hope that this book provides you with an alternative per-
spective for teaching and learning the science of biomechanics.
Comments and criticisms are welcomed and appreciated.




PEDAGOGICAL FEATURES

Biomechanics: A Case-Based Approach incorporates a number
of engaging pedagogical features to aid the student’s under-
standing and retention of the material.

Each lesson starts with Learning Objectives, which high-
light the critical points of each lesson.
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LEARNING OBJECTIVES
After finishing this lesson, you should be able to:

+ Define the following terms: abscissa, absolute value,
acceleration, average value, axis, body, cadence, direction,
displacement, distance, frame of reference, gait, instantaneous
value, kinematics, net value, ordinate, orientation, origin,
point, position, relative speed, sense, scalar, slope, speed,
step, stride, system, vector, and velocity.

* Explain the difference between speed and velocity.

* Write equations for the following concepts: distance,
displacement, speed, velocity, and acceleration.

¢ Tdentify speed on a position=time curve,

» Igentify velocity on a position-time curve.

¢ Identify acceleration on a velocity-time curve,

* Explain the difference between instantanecus and average
kinematic measuras.

* Describe situations in which velocity is more important than
acceleration.

* Describe situations in which acceleration is more impertant
than velocity.

* List the determinants of gait velocity.
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Important Point! boxes clarify essential math concepts
relevant to the content within the specific section.

IWHMEMH'I‘I : Jiiﬂtt acceleration causes a change in
wvelocity, and a change in velocity causes a displacement.

Section Questions present salient questions to address
the point of focus for each section,

Section Question

According to the Disability Statistics Center at the University
of California, San Francisco,! 16 million Americans use wheel-
chairs {Figure 4.1). Understanding the motion of the wheel is
essential in understanding the mohbility of wheelchair vsers. 1s
the maotion of the wheel the same as the motion of a body previ-
ously explored?

~———-—_Section Question Answers provide contextual responses

to the each section question,
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Section Question Answer

Angular motion is similar to linear motion in that there are posi-
tions, displacements, velocities, and accelerations. The relation
between position, velocity, and acceleration are also the same.
The main difference is that vou are replacing a linear term with
its angular equivalent.

e S R e ey

Using the first three levels of Bloom’s taxonomy, Com-
petency Checks ask students conceptual and quantitative
questions to assist in gauging their understanding of the
material.
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Equations are numbered throughout the lesson for easy Applied Research boxed features provide examples that
referral. are helpful in illustrating biomechanical concepts and present
evidence of the practical value of biomechanics.

- e e O Y T =
fnctlumi [or other c;tcmai) forccs, and the time nf |mpm:t

is extremely small. Because the change in momentum of the
system is zero in each case, vou know:

AL=1'-L=0 {92}

where the prime sign will indicate the time immediately after
impact, and the momentum without the prime sign is the
momentum Immediately before impact. You know that mo-
mentum is the product of mass and velocity: =

= my (9,3)
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It is also important to note that the momentum of any system
is the sum of the momentum of each body in a system:

L= Z(mxw) (9.4)

where the symbal i represents the number of bodies in the
system. If there are two bodies (@ and B) in your system, then:

L= my, + m, (2.5)

If you substitute Equation 9.5 into Equation 9.4, you get: m::‘m“m—m tw Mmﬁm{:}mm

M (m,v.? + mm} {mav. +omy) =0 (9.6)

Essential Math boxed features provide a review of —— ——————— e
mathematical material crucial to the understanding of
biomechanics. Key Terms are highlighted and defined in the margins
throughout the lesson and compiled into a Glossary at the
end of the book.
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P Steration A ariginal shape. With a

deformation in which the plastic deformation, the
object does not return to its | Object has been “stretched
original dimensiens after the . out of shape” and will not

deformation | ever return to it original

dimensions, Think of the
little plastic thingy (the scientific term) that holds a six-pack
{of soda) together. Have you ever tried to put a can back in
the plastic thingy after you have taken it out? Chances are
you were not very successful because the thingy underwent
a “plastic” deformation.

-‘mmmm ummm*m in, mnkum_'_
dividing line as “per.” 0 we can think of a rate as a change in

'_::EL ﬂﬂmhmzhmhm mwm:;: When will an object undergo a plastic versus an elastic
impartant in biomechanics. From aligebra, you should be able ta : deformation? If an object is deformed too much, there is ac-
“recagnize that the rate will be larger if the change in the quantity | Vield paint The amount tually a microtearing of the
i En-:rmec[m&.l'or Ihedmge in time is decreased. | of defarmation that marks material. The point where
s lnclﬂlethil the tranlsitinn fn:-rnlelastiu: it is defﬂm:tred Lo Im“":h is
mm - to plastic deformations, and called the yvield point: Any

: or = Larger ratio deformation beyond this deformations heyond the

: ~ ﬂ.lime .. "‘*—-..D,m - ; gn:nt m!JH: in a permanent yield point result in perma-

: G .____E_E_Ir_"-l_a_t_'?i_____ | mnent{plastic) deformations,




A comprehensive and instructional art package includes— At the end of each lesson, a Summary reinforces key
photographs and illustrations throughout the book to encour-  ideas and helps students recall and connect the concepts
age learning with a unique visual appeal. discussed. Key Concepts are presented in table format for

review. Review Questions test comprehension of the con-
cepts discussed within the lesson. References used in the
lesson are also listed.

+ Mechanical energy expenditure
» Efficiency

| = Power

SUMMARY

In this lesson, you learned about an alternative to Newton’s
laws for analyzing human movement. This method involved
the concepts of work, energy, and power (Table 8.1). Because
i . of some issues with using these concepts with biological sys-
: tems, mechanical energy expenditure was Introduced. The
v firat law of thermodynamics was compared to the center of
' - E | mass equation, and efficiency and economy were introduced.
Impulse-momentum and work-energy methods provide
complementary information and a more complete analysis of
movement for several different tasks.,

 Weightactsin
the downward
direction only

REVIEW QUESTIONS

1. Define the following terms: energy, kinetic energy,
potential energy, gravitational potential energy, strain
potential energy, work, mechanical energy expendi-
ture, efficiency, economy, and power.,

. State the conservation of energy and the first law of
thermodynamics,

3. What is meant by the term negative work or power?
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Instructor Resources available for download to adepters -
of the book include PowerPoint Lecture Presentations, Image
and Table Bank, Test Bank, and Instructor’s Manual. For
access, contact your Representative at www.jblearning.com.

The Companion Website for Biomechanics: A Case-Based
Approach, go.jblearning.com/biomechanics, offers students
and instructors an unprecedented degree of integration
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between their text and the online world through many use-
ful study tools, activities, and supplementary information,
Study tools include Student Practice Problems, Weblinks,
Flashcards, an Interactive Glossary, and Crossword Puzzles.
This interactive and informative website is accessible to stu-
dents through the redeemable access code provided in every
new text,
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