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Understanding the muscle -skeletal basis of humatiom is important.
We shall consider the roles played by bones joarid muscles in
effecting human movement as well as consider thes lthat govern
motion, the phenomena of force production, speetl application of
skills in sports.

INTRODUCTION

The course, Biomechanics is an important coursestisaents studying
Human motion with particular reference to the jsifiones, muscles
functions and skeletal bases of human motion. is ¢ourse, we will

study the concepts and principles of biomechanik lruman motion
and knowledge required for understanding humananoffhe overall

goals of this course are to introduce you to bdte study of the
structure, function, and motion of mechanical stadyplant systems
using mechanics methods at a certain level with levlowganisms to
organs, cells, and cell organelles.

COURSE COMPETENCIES

This course aims at providing you with relevantdrigal information in
each of Biomechanics components:

I. Analysis of muscle skeletal basis of Human Moft{joints, bones
and muscles responsible for movement).

. Sports (principles, modes of movement, andionotion forms)
and

iii. Motion Concept (laws of motion, force and #ipption to sports
skills)

COURSE OBJECTIVES

On the successful completion of this course youilvelable to:

explain the concept of biomechanics

describe anatomy of human movement

state the biomechanics of human muscle skelet& bas
discuss the Kkinetic concepts of human bone growthl a
development

list some of the muscles responsible for human mmeve
o explain the principles and types of movement

. discuss the forms of locomotion and levels of

Laws of motion

Concept and production of force

Application of force to specific sports
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WORKING THROUGH THIS COURSE

You need to read this course material, each unith wgood

understanding, as well as to be able to statelifexts of biomechanics,
muscle skeletal responsible for human movementntgoibones;
principles and types of sports; laws of motion; cept of force and
application of force to specific sports skills.

Furthermore, you should be able to execute the-asskssment
exercises in each of the units very correctly. Tdusrse material also

provides you with references to relevant texts larié that can enhance
your understanding of the units in the modules

STUDY UNITS
This course is divided into four Modules with eigitiidy units.
MODULE 1

Unit 1 Concept of Biomechanics
Unit 2 Anatomy of Human Movement

MODULE 2

Unit 1 Understand the Biomechanics of Human MuSHeletal
Basis

Unit 2 The Kinetic Concepts of Human Bone Groatid
Development

MODULE 3

Unit 1 Principles and Types of Movement

Unit 2 Forms of Locomotion and Levels

MODULE 4

Unit 1 Laws of Motion

Unit 2 Concept and Production of Force

PRESENTATION SCHEDULE

Important dates are included in your course mdsefte completing and
submitting your TMAs on time, as well as attendingorials. It's
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important to note that you have to turn in all olly assignments by the
deadline. You should stop falling behind on yowsigsments.

ASSESSMENT

Self-Assessment Tasks and assignments at the eedcbf study Unit,
Tutor-Marked Assignments, and a written review dahe three
components of this course's assessment. You ateredqgto use the
knowledge collected during your course analysissampleting these
assignments.

HOW TO GET THE MOST FROM THE COURSE
This course material helps you to read and leargoatr own pace,

regardless of time or place. You should deal with tontent in the
following logical order to get the most out of it:

1. Read each Unit step by step as arranged.

2. As you read the material for each Unit, note key points in
each Unit.

3. Refer to the links and texts provided.

4. After reading, attempt the assessment exegorem at each step.

5. You should obey all the rules and guiding instions.

FACILITATION

Online facilitation would be made available to pd® you with the
opportunity to interact with your tutor and yourlleagues across the
world

COURSE INFORMATION

Course Code: KHE 417
Course Title: Biomechanics
Credit Unit: 2

Course Status: Non Elective
Course Blub:

Semester:

Course Duration:

Required Hours for Study

COURSE TEAM

Course Developer:
Course Writer: Dr. Surajudeen Tosho Bakinde
Content Editor: Prof. Charles E.Dikki

Vi
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Instructional Designer: Mr. Lucky Ati Ati
Copy Editor: Mr. Fatele Samuel

ICE BREAKER

Dear students, you are welcome to KHE417. Thissm@wcuses on the
analysis of muscle skeletal basis of human motidath warticular

reference made to the joints bones and musclesnsipe for human
movement. Appropriate examples and pictures hach Ipgevided to

make the content more realistic and connected &b-life situation.

Have a wonderful study session.
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MODULE 1
MODULE INTRODUCTION

Biomechanics is a concept that combines the pitabx which means
"life," with mechanics, which is the analysis ofde interactions. In the
early 1970s, the word "biomechanics" was coinedhgyinternational
scientific community to describe the science otlging the mechanical
aspects of living organisms. The human body istlest widely studied
living organism in the fields of kinesiology and eegise science.
Internal forces created by muscles, as well asreatdorces acting on
the body, are both studied. Biomechanics studies d@nhatomical
structures using the methods of mechanics, a brasfctphysics

concerned with the analysis of force behavior.

UNIT 1 CONCEPT OF BIOMECHANICS
CONTENTS

1.0 Introduction

2.0 Intended Learning Outcomes
3.0 Main Content

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

In general, biomechanics is concerned with theiegidn of classical
mechanics to various biological problems. Biomeatsawcombines the
field of engineering mechanics with the fields ofolbgy and

physiology. Basically, biomechanics is concernethwthe human body.
In biomechanics, the principles of mechanics arpliep to the

conception, design, development, and analysis afipetent and
systems in biology and medicine. In essence, biberdcs is a
multidisciplinary science concerned with the apgtien of mechanical
principles to the human body in motion and at rest.

20 INTENDED LEARNING OUTCOMES(ILOYS)

By the end of this unit, you will be able to:

J discuss about biomechanics
o demonstrate how to prevent and treat sports irgurie
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3.0 MAIN CONTENT
3.1 Concept of Biomechanics

The word biomechanics combines the prefix bio, Whigeans "life,"
with mechanics, which is the analysis of force rat#ions. In the early
1970s, the word "biomechanics" was coined by theerivational
scientific community to describe the science otlging the mechanical
aspects of living organisms. The human body isnlbst widely studied
living organism in the fields of kinesiology and eegise science.
Internal forces created by muscles, as well asreatdorces acting on
the body, are both studied.

Fig.1.1: Concepts of Biomechanics

Bio mechanists use the methods of mechanics, thechrof physics
involving examination of the behavior of forces, tesearch the
anatomical and functional aspects of living orgamss(Fig.1), and
timing of movement, without reference to the fortest cause or result
from the motion. The kinematics of an exercise spart skill execution
is also known, more commonly, as form or technigihereas
kinematics describes the appearance of motionfigges the study of
the forces associated with motion. Force can baghbof as a push or
pull acting on a body. The study of human biomedasamay include
guestions such as whether the amount of force thescies are
producing is optimal for the intended purpose o0& tmovement.

2
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Although, biomechanics is relatively young as aoggused field of
scientific inquiry, biomechanical considerations af interest in several
different scientific disciplines and professionalds.

Biomechanists may have studied zoology, orthopewigjiac, or sports
medicine, biomedical or biomechanical engineerpigsical therapy, or
kinesiology, but they all share an interest in lth@mechanical aspects
of living things' structure and function. One oftlub-disciplines of
kinesiology, the science of human movement, is leidmanics of human
movement. While some biomechanists study ostriclrtation, blood
flow through constricted arteries, or micro mappofgdental cavities,
this book focuses primarily on the biomechanichwhan movement as
seen through the eyes of the movement analyst. &hanics is also a
scientific branch of sports medicine. Sports medids a broad concept
that includes both the clinical and scientific agpeof physical activity
and sport. The American College of Sports Medittan example of a
group that fosters collaboration between scientiatgl clinicians
interested in sports medicine. Importance of Bidnaeics are stated
below;

3.2 Important of Biomechanics

I Knowledge of biomechanics helps to realise and rstded the
underlying principle of the efficient structure thle competitive
sports performance.

il. Knowledge of biomechanics helps in the improvenannotor
gualities.

iii. Knowledge of biomechanics helps an athlete to sondelf-
evaluation.

iv. Knowledge of biomechanics helps in formulation and
understanding new rules and regulation of the spgdmes and

facilities, etc.

V. Knowledge of biomechanics helps in development and
acceptance of new technique and skills.

vi.  Knowledge of biomechanics helps in the selection of
athlete/players for specific sports and games.

vii.  Knowledge of biomechanics helps in the selectioraiipment
and facilities.

viii. Knowledge of biomechanics helps in the preventpmotection
and rehabilitation from the sports injuries.

iX. It helps to identify the mechanical advantage asddiantage of
the human locomotion.

X. It helps in diagnostic teaching. xi. It helps iagiostic coaching.

xi.  xii. It helps in correcting postural deformities.
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In-Text Questions

1. Define the term biomechanics.

3.3 Basic Concepts

Engineering mechanics is based on Newtonian mechtiam which
length, time, and mass are the fundamental conc&pey are absolute
terms in the sense that they are self-containedgtheis a term used to
guantitatively describe distance. Time is a terat iB used to organise
the flow of events. The quantitative measure oftiags mass, which is
a property of all matter. Inertia is the resistaméanatter to alter its
motion. The tendency of a body to sustain a sthteest or uniform
motion is also known as inertia. Other essentiathmaics principles are
derived from the basic concepts rather than beibgolate. These
include force, moment or torque, velocity, accdlerg function,
energy, strength, impulse, momentum, tension, &adhs Force can be
characterised in several ways, such as mechangairloance or load.
The motion of one body on another is known as fdtds the force that
causes a body to move, deform, or both when ip@ied to it. The
rotational, bending, or spinning movement of a éoapplied to a body
is measured in moment or torque. The time ratehahge of position is
known as velocity. Acceleration, on the other hasdhe rate at which
velocity increases over time.

34 Why Study Biomechanics?

Scientists from many different areas (e.g. Kinegiyg| Engineering,
Physics, Biology, Zoology) are interested in biohmedcs. Why are
scholars from so many different academic backgreuinderested in
animal movement? Biomechanics is interesting bexanany people
marvel at the ability and beauty in animal movem&udme scholars
have purely theoretical or academic interests scaliering the laws and
principles that govern animal movement. Within lksisédogy, many bio
mechanists have been interested in the applicatidnomechanics to
sport and exercise. The applications of biomeclsarie human
movement can be classified into two main areas:ini@ovement of
performance and the reduction or treatment of ynjur

3.5 Improving Performance

Human movement performance can be enhanced in mays.
Effective movement involves anatomical factors, mewscular skills,
physiological capacities, and psychological/cogeitiabilities. Most
kinesiology professionals prescribe technique changnd give

4
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instructions that allow a person to improve perfance. Biomechanics
is most useful in improving performance in sportsactivities where
technique is the dominant factor rather than playsgtructure or
physiological capacity. Since biomechanics is essénthe body arch
are performed poorly. The coach's experience Ialtsthat his athletes
is strong enough to perform this skill, but they shudecide if the
gymnast should concentrate on her takeoff anglemmre back
hyperextension in the block. The coach uses hiswletdge of
biomechanics to help in the qualitative analysighi$ situation. Since
the coach knows that a better arch affects theeftite gymnast create
sagainst the mat and affects the angle of takebthe gymnast, he
decides to help the gymnast work on her “arch’of@ihg the round off.
Biomechanics research on sports techniques soneetierels to lag
behind the changes that are naturally occurringparts. Athletes and
coaches experiment with new techniques all the .tieidents of
biomechanics may be surprised to find that thereoften limited
biomechanical science of movement technique, bibargcs is the
main contributor to one of the most important skitf kinesiology
professionals: the qualitative analysis of humarvenzent (Knudson &
Morrison, 2002). Imagine a coach is working wittggmnast who is
having problems with her back handspring.

The coach observes several attempts and judgeththahgle of takeoff
from the round off and studies on many techniquesnany popular
sports. The vast number of techniques, their viariat and their high
rates of change and innovation tend to outdistabmenechanics
research resources. Sport bio-mechanics reseasohlads behind the
coaches and athletes because scientific re-sealtel tonsiderable time
to conduct and report, and there is a lack of fagdor this important
research. There is less funding for biomechanitatlies aimed at
improving performance compared to studies focusegreventing and
treating in-juries. Students looking for biomecltahi research on
improving sports technique of-ten will have feweurses than students
researching the biomechanics of injury. While tegha is always
relevant inhuman movement, in some activities tlsgcpological,
anatomical, or physiological factors are more sitpmelated to success.
Running is a good example of this kind of movement.

3.6 Preventing and Treating Sportsinjury

Movement safety, or injury prevention/treatment,aisother primary
area where biomechanics can be applied. Sportscmedirofessionals
have traditionally studied injury data to try totekenine the potential
causes of disease or injury (epidemiology). Biona@ital research is
powerful ally in the sports medicine quest to pravand treat injury.
Biomechanical studies help prevent injuries by ptmg information on

5
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the mechanical properties of tissues, mechanicaditgs during
movement, and preventative or rehabilitative thispBiomechanical
studies pro-vide important data to confirm potdntigury mechanisms
hypothesised by sports medicine physicians anceapaogical studies.
The increased participation of girls and women portss has made it
clear that females are at a higher risk for anteciuciate ligament
(ACL) injuries than males due to several biomectafactors (Bo-den,
Griffin, & Garrett, 2000). Continued biomechanieald sports medicine
studies may help unravel the mystery of this higlk rand develop
prevention strategies. Engineers and occupatiomarapists use
biomechanics to design work tasks and assistivépetant to prevent
overuse in-juries related to specific jobs. Comignbiomechanics with
other sport sciences has aided in the design afsshar specific sports
(Segesser & Pforringer, 1989), especially runnihges (Frederick,
1986; Nigg,1986). Since the 1980s the design amgherring of most
sports shoes has included research in company blang&s labs. The
biomechanical study of auto accidents has resuftadeasures of the
severity of head injuries, which has been appliedbiomechanical
testing, and in design of many kinds of helmetprevent head in-jury
(Calvano & Berger, 1979; Norman, 1983; Torg, 199¥hen accidents
result in amputation, prosthetics or artificial hetan be designed to
match the mechanical properties of the missing l{iKloteKallfelz, &
Czerniecki, 2001).

Preventing acute injuries is also another areaarhéchanics research.
Forensic biomechanics involves reconstructing tikelyf causes of
injury from accident measurements and witness nesty.
Biomechanics helps the physical therapist prescrhibbabilitative
exercises, assistive devices, or orthotics. Ortlotare support
objects/braces that correct deformities or jointsiponing, while
assistive devices are large tools to help patienttion like canes or
walkers. Qualitative analysis of gait (walking) @lselps the therapist
decide whether sufficient muscular strength andtrobrhave been
regained in order to permit safe or cosmetically-mal walking. An
athletic trainer might observe the walking pattéon signs of pain
and/or limited range of motion in an athlete undeérg long-term
conditioning for future return to the field. An &hic coach might use a
similar qualitative analysis of the warm-up actastof the same athlete
several weeks later to judge their readiness factpre or competition.

3.7 Qualitative and Quantitative Analysis
Biomechanics provides information for a variety &mesiology
professionals to analyse human movement to impsediestiveness or

decrease the risk of injury. How the movement ialgsed falls on a
continuum between a qualitative analysis and a tijasice analysis.

6
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Quantitative analysis involves the measurement wmbchanical

variables and usually requires a computer to do ‘bkiminous

numerical calculations performed. Even short movasewill have

thousands of samples of data to be collected, dcaled numerically
processed. In contrast, qualitative analysis hasn beefined as the
“systematic observation and introspective judgmehthe quality of

human movement for the purpose of providing the tnapgropriate
intervention to improve performance” according tonudson &

Morrison, (2002), .Analysis in both quantitativedagualitative contexts
means identification of the factors that affect lammmovement
Performance, which is then interpreted using othigher levels of
thinking (synthesis, evaluation) in applying thefomrmation to the
movement of interest. Solving problems in human emoent involves
high levels of critical thinking and an interdisliary approach,
integrating the many kinesiology sciences. The athges of numerical
measurements of quantitative over those of quizitatnalysis are
greater accuracy, consistency, and precision. Magsgantitative

biomechanical analysis is performed in re-seardtings; however,
more and more devices are commercially availakde ith-expensively
measure some biomechanical variables (e.g., rddang lights, timing

mats, quantitative videography systems).Unfortugatéhe greater
accuracy of quantitative measures comes at theaédasthnical skills,

calibration, computation a and processing timewa$i as dangers of
increasing errors with the additional computationslved. Even with

very fast modern computers, quantitative biomedtgns a labor-
intensive task requiring considerable graduatenitngi and experience.
For these reasons and others, qualitative anadfsieiman movement
remains the main approach kinesiology professionaks in solving
most human movement problems. Whether your futuies juse
qualitative or quantitative biomechanical analysisy will need to be
able to access biomechanical knowledge.

SELF-ASSESSMENT EXERCISE
Attempt the following question: -

i What is biomechanics and how is it different frohme ttwo
common meanings of kinesiology?

40 CONCLUSION

o Biomechanics is a multidisciplinary science conedrivith the
application of mechanical principles to the humadybin motion
and at rest.

o Biomechanics is concerned with the application &dssical

mechanics to various biological problems.
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. Biomechanics combines the field of engineering raadats with
the fields of biology and physiology.
o Qualitative analysis of human movement remains thain

approach kinesiology professionals use in solvimgstthuman
movement problems.

. Quantitative biomechanical analysis is performedrésearch
settings.

o Quantitative biomechanics is a labor-intensive tasguiring
considerable graduate training and experience.

o Biomechanics helps the physical therapist prescrib

rehabilitative exercises assistive devices, orkotic

50 SUMMARY

Biomechanics is a joint word that combines theipreio, which means
life, while mechanics is the analysis of force mttions. The word
biomechanics was formed by the international sdiertommunity to

describe the science of studying the mechanicakaspof living

organisms. Biomechanics studies the anatomicattstres using the
methods of mechanics, a branch of physics concemntbdthe analysis
of force behavior. Important of Biomechanics waplaxed into details
such as the knowledge of biomechanics helps initfprovement of
motor qualities, help an athlete to conduct settheation, helps in the
selection of equipment and facilities and also @rrecting postural
deformities etc.

Again, movement safety or injury prevention andatmeent is another

primary area which is dealt with appropriately hesa of its important

in the study of kinesiology, Sports medicine prefesals have

traditionally studied injury data to try to detemaithe potential causes
of diseases or injury.

Biomechanics studies help prevent injuries by pimg information on
the mechanical properties of tissues, mechanicaditgs during
movement, and preventative or rehabilitative thexap

Qualitative and Quantitative analysis in the ardab@mmechanics
provide information for a variety of kinesiologygiessionals to analyse
human movement to improve effectiveness or decreéhaserisk of
injury. The human movement is analyses falls oordgicuum between a
gualitative analysis and a quantitative analysisaQitative analysis
involves the measurement of biomechanical varialded usually
requires a computer to do the voluminous numericalkulations
performed. While qualitative analysis has beenrdefias the systematic
observation and introspective judgments of the iguadf human
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movements for the purpose of providing the most reppate
intervention to improve performance.

6.0 TUTOR-MARKED ASSINMENT

1. What are the advantages and disadvantages of atatjual
biomechanical analysis?

2. What are the advantages and disadvantages of ditqtiae
biomechanical analysis?
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UNIT 2 ANATOMY OF HUMAN MOVEMENT
CONTENTS

1.0  Introduction

2.0 Intended Learning Outcomes
3.0 Main Content

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

In this section, we will look at how we can defineman movements,
something to which we will return in more detailoiments at the
joints of the human musculoskeletal system are Ipawmtational and
take place about a line perpendicular to the planghich they occur.
This line is known as an axis of rotation. Threesx the sagittal,
frontal and vertical (longitudinal) — can be defingy the intersection of
pairs of the planes of movement.

20 INTENDED LEARNING OUTCOMES(ILOYS)

By the end of this unit, you will be able to:

o explain movement patterns in sport

. discuss fundamentals of joint movements anatonyicall

o explain the differences and the similarities betwegalitative
and quantitative

. describe the take-off board and its use.

30 MAINCONTENT

A movement (M)is typically caused by a force(F)igtat a distance (r)
from the center of rotation of a segment. A momiends to cause a
rotation and is defined by the cross-product furctMr. F. Therefore, a
moment is represented by a vector that passes dgihrte point of
interest (e.g., the center of rotation) and is pedicular to both the
force and distance vectors. For a two-dimensiomallyais, both the
force and distance vectors are in the plane op#per, so the moment
vector is always directed perpendicular to the pagid a line of action
through the point of interest. Since it has onlig thne orientation and
line of action, a moment is often treated as aasagliantity in a two-
dimensional analysis, with only magnitude and dioec Torque is

10
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another term that is synonymous with a scalar memErom the

definition of a cross product, the magnitude of ament (or torque) is
calculated as Mr. Fs in (). Its direction is regefrto as the direction in
which it would tend to cause an object to rotatéh@ugh there are
several different distances that can be used tmesina vector and a
point.

In order to understand the origins of human moveimers essential to
under-stand anatomy. Anatomy is the study of thactire of the
human body. Anatomy pro-vides essential labelsnimusculoskeletal
structures and joint motions relevant to human moa@. Knowledge
of anatomy al-so provides a common “language” efftaman body and
motions for kinesiology and medical professionanatomy is
unimportant prerequisite for kinesiology professilsntrying to improve
movement, prevent or treat injury. Anatomy is prnilyaa descriptive
field of study and is not, by itself, enough to kip the function of the
musculoskeletal system in movement. Knowledge @ft@ny must be
combined with biomechanics to accurately determirthe
musculoskeletal causes or the “how “human movernseateated. This
chapter reviews key anatomical concepts, show iomat anatomy
traditionally classifies muscle actions, shows hbwmechanics is
needed to determine muscle function in movemend, diecusses the
first two of the nine principles of biomechanicsarige of Motion and
Force Motion.

Body Planes It is also necessary to delineatepkeific body planes of

reference, since they will be used to describecstral position and

directions of functional movement and position adference, or

anatomic position, has the body facing forward,ithads at the sides of
the body, with the palms facing forward, and thet fgointing straight

ahead. The body planes are derived from dimensioispace and are
oriented at right angles to one another. The sagitane is vertical and
extends from front to back, or from anterior to fgoier. Its name is

derived from the direction of the human sagittauisel in the cranium.

The median sagittal plane, also called the midsdgitane, divides the
body into right and left halves. The coronal plaeertical and extends
from side to side. The name is derived from thergdtion of the human
coronal suture of the cranium. It may also be refto as the frontal

plane, and it divides the body into anterior andtpoor components.

The transverse plane is a horizontal plane andleévia structure into
upper and lower components.

Axes of M ovement

An axis is a line around which motion occurs. Ages related to planes
of reference, and the cardinal axes are orientegght angles to one

11
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another. This is expressed as a three-dimensiooatimate system with
X, ¥, and z used to mark the axes. The significasfcthis coordinate
system is in defining or locating the ex-tent oé ttypes of movement
possible at each joint rotation, translation, andvitinear motion. All

movements that occur about an axis are considetatianal, whereas
linear movements along an axis and through a plare called

translational. Curvilinear motion occurs when anglational movement
accompanies rotational movements. The load thatyzmes a rotational
movement is called torsion; a force that producedraaslational

movement is called an axial or shear force.

3.1 Analysng Movement Patternsin Sports

As an undergraduate student in the earlier stagg®wr career. You
will be familiar with human movement patterns frosport — when
viewed live, or as a performer, coach or spectatwhether these are
movement patterns of individuals or of teams ashale: Most packages
for qualitative video analysis make it easy to obseand to compare,
such movement patterns. Video recordings, stilewidequences, and
player tracking patterns in games are probably ii@st complex
representations of sports movements that you witle across. It is only
your familiarity with sports videos that enablesuyio understand such
patterns — watch a video of a game or sportingigtior which you do
not know the rules (environmental and task consis@i and the
complexity of video representations of movementtggas becomes
obvious. This is true not only for the movementshef segments of the
body of one performer, which sports bio mechargstserally focus on,
but also for the movement patterns of the playsra &eam. Sequences
of still video frames are rarely used in analysphgyer movements and
interactions in team games, such as rugby, netall soccer, or in
individual vs. individual games, such as squashtaiie tennis. To
understand why, imagine tracking (using the Gldhaditioning System,
for example), just a single point on each playeone extended squash
rally or, worse still, for each player in a soctesm for just 10 minutes
of play.

ANALYSING MOVEMENT PATTERNS

Movement patterns would not be easy to analysarsit dight. Such
movement patterns in games will not be consideuethér in this book
— sports bio mechanists, to date, have rarely loeaived in analysing
such movement patterns. To appreciate why videordews are
complex, did you find it easy to follow all the fien and extension
descriptions for walking and running in the prexa@ection? Could you
easily perceive within-leg and between-leg coortioma patterns in
walking, or arm and leg coordination patterns inniag, using these
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guenches above or videos from the book’s websftg@ur answers to
these questionnaires are sounding ‘YES’, then yewaleady a talented
qualitative movement analyst! Many of us strugdidimes to extract
what we want from video or from selected video ynietsequences; for
one thing they contain so much information thairielevant to the
patterns the movement analyst wishes to observe nt@atave
biomechanical analysts are mainly interested inrawipg performance
and reducing injury risk. They use a mixture of exmental and
theoretical approaches to seek answers to suchiepuess: What is the
best running technique to minimise energy expenelfttdow should the
sequence of body movements be coordinated in dinjatterow to
maximise the distance thrown? Why are lumbar spmeries so
common among fast bowlers in cricket?, we can ifentwo
fundamentally different approaches to experimenmta’ement analysis
in sport — qualitative analysis and quantitativealgsis; the latter
requires detailed measurement and evaluation ofnlasured data.
Earlier unit in this book had a strong bias towagdslitative analysis
whereas this chapter will focus mostly on quantigatanalysis. The
guantitative experimental approach often takes ofetwo forms,
usually referred to as the cross-sectional anditiodimal approaches. A
cross-sectional study, for example, might evalaagports movement by
comparing the techniques of different sports penfens recorded at a
particular competition. This can lead to a bettegrall understanding of
the biomechanics of the skill studied and can hB§gnose faults in
technique. An alternative cross-sectional approashjch is less
frequently used, is to compare several trials ef $ame individual, for
example a series of high jumps by one athlete aorapetition or in a
training session. This is done to identify the perfance variables that
correlate with success for that athlete. In a ltwtnal study, the same
person, or group, is analysed over a longer timeantprove their
performance; this probably involves providing feadk and modifying
their movement patterns. Both the cross-sectiondl tae longitudinal
approaches are relevant to the sports bio mechanmitthough
conclusions drawn from a cross-sectional study efeml athletes
cannot be generalised to a single athlete, orwacsa.

Movement analysts now use single-individual desigmsmore than in
the past, recognising that group designs often whsdifferences
between individuals in the group and, indeed, tteaig mean may not
apply to any single individual. After all, most kdtes are mainly
interested in factors that affect their performancenight be an injury
risk for them. In a case study, a single person beagnalysed on one or
just a few occasions; this approach is often usednwassessing an
injured athlete. A single-individual design usuatlyolves studying that
person across time; multiple single-individual desi study individual
members of a group of performers across time. Hfg® gives the
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analyst a chance to use a group design simultalyeaith the multiple
single-individual study. In such studies, it hagmeecommended that,
for reasonable statistical power, 20 trials pespershould be analysed
for a group of five performers; for a group of 16rfprmers, 10 trials
each; for a group of 20, five trials each.

To give it a theoretical underpinning, an experitakstudy should be
used in conjunction with a theoretical approachchsas the use of
deterministic models dovideography

The main method currently used for recording anadyshg sports
movements is digital videography. Cinematographysig cine film
cameras — is now rarely used, and the same alrppseato the use of
‘analog’ video cameras; neither will be considerediny detail in this
chapter. Motion analysis systems that automatidaigk skin markers
are increasingly used in biomechanics research rdatees; these
systems are many times more expensive than vidglysas systems, are
technically far more complicated, require far merpert operators and
currently cannot be used outdoors during dayligbtrb. For these
reasons, which usually mean that students in thieegears of their
study will not encounter such motion analysis systethey are not dealt
with in this book (interested readers should canBilner (2007); A
great strength of videography is that it enablesitivestigator to record
sports movements not only in a controlled labosasatting, but also in
competition. It also minimises any possible interfeee with the
performer. Indeed, performers can be ‘videoed eouth their
knowledge, although this does raise ethical isshaswill normally be
addressed by your Institutional Research Ethics iGidt@e. Quantitative
analysis will often involve the bio mechanist hayito digitise a lot of
data. This process of ‘coordinate digitisation’ofwes the identification
of body landmarks used to aid the estimation aftjaxes of rotation. In
videography, particularly in three-dimensional &bsd this will
normally be done by the investigator manually dsgig the required
points using a computer mouse or similar devicen&weideo analysis
systems can track markers in two dimensions, satheginvestigator
much time. Automatic marker-tracking systems, asrthame implies,
track markers automatically, and in three dimensi@ithough operator
intervention may still be needed if too few cameras see the marker
during some part of the movement. Whichever waydioate digitising
is performed, the linear coordinates of each digdipoint are recorded
and stored in computer memory.

What Quantitative Analysts M easure

After digitising a movement sequence, linear anguéar positions and
displacements can be calculated and presenteduastion of time — a
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time series. Some additional data processing wilhmally be performed
to obtain displacements of the centre of mass efpérformer’s whole
body Velocities and accelerations will also prolyabé obtained from
the displacement data. As well as these time-sen@gement patterns,
coordination diagrams such as angle—angle diagoaplkase planes can
also be obtained; quantitative analysts often waniguantify such
graphs, in contrast to the qualitative analyst, sehdocus will be on
their shape (topography). Quantitative analysts alay identify values
of some variables at important instants in the muet to allow inter-
or intra-performer comparisons.

These values, often called performance parameterganables, are
usually defined at the key events that separateptieses of sports
movements, such as foot strike in running, releafsa discus or bar
release in gymnastics. They are discrete meashegs dlthough they
can be very important for that performer, discang trichness of
movement information contained in time-series gsaph coordination
diagrams. Computer visualisation of the movemeiitalgo be possible.
These are quick and easy to produce but have aitibgywith respect
to whether limbs are in front of or behind the bolythree-dimensional
analysis, this can be partially overcome by fillimgthe body and using
hidden line removal. Full solid-body modelling i@ more effective in
this respect, but computationally somewhat timescomng. Solid-body
models can also be made more realistic throughusieeof shading and
surface rendering.

Quantitative Analysis

- What do we use for this?

- Image-based motion analysis, mostly using videauwomatic
marker-tracking systems plus, when occasion demands
electromyography and force or pressure platessmiés

- Statistical modeling of technique or of movementtgras in
games, artificial intelligence, computer simulationdeling.

Quantitative Movement Analysis and Notational Analysis Software
Packages

- This is mainly used by researchers:

. To aid performance comparisons.
. To predict injury risk.
. To provide quantitative feedback.
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Qualitative vs Quantitative Analysis

- Qualitative analysis describes and analyses movemean-
numerically, by seeing movements as ‘patterns’, lavhi
guantitative analysis describes and analyses maveme
numerically.

- Quantitative analysis can sometimes appear morectwg
because of its ‘data’; however, the accuracy arnidhiéty of
such data can be very suspect, particularly whetaimmdd in
competition.

- Qualitative analysis is often more strongly rooited structured
and multi-disciplinary approach, whereas quantieatanalysis
can appear to lack a theoretical grounding andetddta-driven.
Background to qualitative analysis to be objectwne scientific,
qualitative analysis needs to use a structuredoagpr moving
from preparation, through observation, diagnosishetion, to
intervention(and review)

From the outset, the movement analyst should irvahe coach, or
whoever commissioned the analysis, ina ‘needs aisalgnd should

keep the coach in the loop at all stages. Qualdasinalysis requires
applying basic biomechanical principles to the mmeat. We need to
know what to observe; coaches have important kridyde and

contributions to make here too. Qualitative analysted an excellent
grasp of the techniques — or movement inter-actioimsa specific sport
or exercise; coaches have great depth and breddtimioknowledge.

Deterministic models can give a theoretical basithe analysis, which
can otherwise become discursive. This modellingr@gpgh can be
represented graphically so as to be coach-frier@bod-quality digital

video cameras are needed, with adequate frameaatkeshutter speeds.
This equipment is familiar to coaches and extraipgant is rarely

necessary. Qualitative analysis should uncoverntiagor faults in an

unsuccessful performance by an individual or a team the approach
actually used by most coaches and teacher.

3.2 Fundamentalsof Joint Movements Anatomically

Anatomical terms of movement are used to describe the actions of
muscles upon the skeleton. Muscles contract to ym®dnovement at
joints, and the subsequent movements can be plsediescribed using
this terminology. The terms used assume that they Hmegins in
theanatomical position. Most movements have an opposite movement
— also known as an antagonistic movement.
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Flexion and Extension

Flexion and extension are movements that occuhensigittal plane.
They refer to increasing and decreasing the angtevden two body
parts: Flexion refers to a movement that decredsesangle between
two body parts. Flexion at the elbow is decreasimegangle between the
ulna and the humerus. When the knee flexes, thie an&ves closer to
the buttock, and the angle between the femur dmd gets smaller.
Extension refers to a movement that increases tigée ebetween two
body parts. Extension at the elbow is increasiregahgle between the
ulna and the humerus. Extension of the knee sti@ighthe lower limb.

Flexion Extension

Flexion

Extension

Abduction and Adduction

Abduction and adduction are two terms that are usedlescribe
movements towards or away from the midline of tbdybAbduction is

a movement away from the midline — just as abdgcsomeone is to
take them away. For example, abduction of the slevukises the arms
out to the sides of the bod&dduction on the other hand is a movement
towards the midline. Adduction of the hip squeeieslegs together. In
fingers and toes, the midline used is not the m&lbf the body, but of
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the hand and foot respectively. Therefore, abdgdtire fingers spreads
them out.

M edial and Lateral Rotation

Medial and lateral rotation describe movement efltnbs around their
long axis:

Medial rotation is a rotational movement towarde tmidline. It is
sometimes referred to as internal rotation. Imagdimese two scenarios,
firstly, with a straight leg, rotate it to pointehtoes inward. This is
medial rotation of the hip. Secondly, imagine yoa earrying a tea tray
in front of you, with elbow at 90 degrees. Now tetthe arm, bringing
your hand towards your opposite hip (elbow stilB@tdegrees). This is
internal rotation of the shoulder.

Lateral rotation is a rotating movement away frérm midline. This is in
the opposite direction to the movements descrilbbedea

Lateral
rotation

Adduction

Medial
rotation
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Elevation and Depression

Elevation refers to movement in a superior direction (elgoudder
shrug),depression refers to movement in an inferior direction.

Pronation and Supination

This is easily confused with medial and lateralaton, but the
difference is subtle. With your hand resting orablé in front of you,
and keeping your shoulder and elbow still, turnrjoand onto its back,
palm up. This is the supine position, and so thisvement
iS supination.

Again, keeping the elbow and shoulder still, flipuy hand onto its
front, palm down. This is the prone position, awodtlsis movement is
namedpronation.

These terms also apply to the whole body — wherglfiat on the back,
the body is supine. When lying flat on the frohg body is prone.

Dorsiflexion and Plantarflexion

Dorsiflexion and plantarflexion are terms used ésaibe movements at
the ankle. They refer to the two surfaces of thet;fdhe dorsum
(superior surface) and the plantar surface (the)sol

Dorsiflexion refers to flexion at the ankle, so that the fooinfs more
superiorly. The dorsum of the hand is the postesiarface, and so
movement in that direction extension. Therefore, we can say that
dorsiflexion of the wrist is the same as extension.

Plantarflexion refers extension at the ankle, so that the foahtpo

inferiorly. Similarly, there is a term for the handhich is palmar
flexion.
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Dorsiflexion

Plantar flexion

Fig. 1.2: Flection and Extension
Inversion and Eversion

Inversion andeversion are movements which occur at the ankle joint,
referring to the rotation of the foot around itadpaxis.

Inversion involves the movement of the sole towards the are@iane
— so that the sole faces in a medial direction.

Eversion involves the movement of the sole away from theliare
plane — so that the sole faces in a lateral doacti

Opposition and Reposition
A pair of movements that are limited to humans aothe species of

apes, these terms apply to the additional moventeatsthe hand and
thumb can perform in these species.
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Opposition brings the thumb and little finger together.
Reposition is a movement that moves the thumb and the fittiger
away from each other, effectively reversing opposit

Circumduction

Circumduction can be defined as a conical movenwnta limb

extending from the joint at which the movement @nteolled.lt is

sometimes talked about as a circular motion, buingge accurately
conical due to the ‘cone’ formed by the moving limb

Protraction and Retraction

Protraction describes the anterolateral movement of the saapulthe
thoracic wall that allows the shoulder to move doté. In practice,
this is the movement of ‘reaching out’ to something

Retraction refers to the posteromedial movement of the scapulthe
thoracic wall, which causes the shoulder regiomtwve posteriorly i.e.
picking something up.

https://teachmeanatomy.info/the-basics/anatomeratinology/terms-
of-movement/

3.3 Skeletal Joints

The human body is rigid in the sense that it camtam a posture, and
flexible in the sense that it can change its pestand move. The
flexibility of the human body is due primarily tche joints, or
articulations, of the skeletal system. The primayction of joints is to
provide mobility to the musculoskeletal systemadtidition to providing
mobility, a joint must also possess a degree dfilia Since different

joints have different functions, they possess vayydegrees of mobility
and stability. Some joints are constructed so aprtavide optimum
mobility. For example, the construction of the ddeu joint(ball-and-

socket) enables the arm to move in all three plam@sal motion).

However, this high level of mobility is achieved tte expense of
reduced stability, increasing the vulnerability tbe joint to injuries,
such as dislocations.

On the other hand, the elbow joint provides movenpeimarily in one

plane (uniaxial motion), but is more stable and j@®ne to injuries than
the shoulder joint. The extreme case of increataullisy is achieved at
joints that permit no relative motion between tlomdss constituting the
joint. The contacting surfaces of the bones in skall are typical

examples of such joints. The joints of the humagletll system may be
classified based on their structure and/or funct®ynarthrodial joints,
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such as those in the skull, are formed by two kgfitting bones and do
not allow any relative motion of the bones formintpem.
Amphiarthrodial joints, such as those between grgéebrae, allow slight
relative motions, and feature an intervening suttsia cartilaginous or
ligament us tissue) whose presence eliminates tdibece-to-bone
contact. The third and mechanically most significatype of
articulations are called diarthrodial joints whigarmit varying degrees
of relative motion and have articular cavities,ahgentous capsules,
synovial membranes, and synovial fluid. The artic@avity is the space
between the articulating bones. The ligamentoussudaepholds the
articulating bones together. The synovial membrartlee internal lining
of the ligamentous capsule enclosing the synoliad fwhich serves as
a lubricant. The synovial fluid is a viscous madkrmvhich functions to
reduce friction, reduce wear and tear of the aditug surfaces by
limiting direct contact between them, and nourisé articular cartilage
lining the surfaces. The articular cartilage, oe thther hand, is a
specialised tissue designed to increase loadhlision on the joints and
provide a wear-resistant surface that absorbs shéamkousdiarthrodial
joints can be further categorised as gliding (faiaraple, vertebral
facets), hinge (elbow and ankle), pivot (proximdicaulnar), condyloid
(wrist), saddle (carpometacarpal of thumb), and |-dad-socket
(shoulder and hip).

The nature of motion about a arthrodial joint amel $tability of the joint
are dependent upon many factors, including the eram which the
articulating surfaces fit together, the propertéshe joint capsule, the
structure and length of the ligaments around tha&,j@and the number
and orientation of the muscles crossing the joint.

Skeletal Muscles In general, there are over 600ctasisn the human
body, accounting for about 45 of the total bodygiei There are three
types of muscles: cardiac, smooth, and skeletaidi@a muscle is the
contractive tissue found in the heart that pumpsbilbod for circulation.
Smooth muscle is found in the stomach, intestiredts, and the walls
of blood vessels. Skeletal muscle is connectethédobnes of the body
and when contracted, causes body segments to nieeement of
human body segments is achieved as a result oédogenerated by
skeletal muscles that convert chemical energy mechanical work.
The structural unit of skeletal muscle is the mesfiber, which is
composed of myofibrils. Myofibrils are made up aftin and myosin
filaments. Muscles exhibit viscoelastic materiah&eor. That is, they
have both solid and fluid-like material propertidtuscles are elastic in
the sense that when a muscle is stretched andseeletwill resume its
original (un-stretched) size and shape. Musclesvis@us in the sense
that there is an internal resistance to motion. k&letal muscle is
attached, via soft tissues such as a poneurosésrdaaddons, to at least
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two different bones controlling the relative motiohone segment with
respect to the other. When its fibers contract utlde stimulation of a
nerve, the muscle exerts a pulling effect on theelsoto which it is

attached. Contraction is a unique property of thescte tissue. In
engineering mechanics, contraction implies shomteni under

compressive forces. In muscle mechanics, contraateEm occur as a
result of muscle shortening or muscle lengtheniog,it can occur

without any change in the muscle length.

Furthermore, the result of a muscle contractioralisays tension: a
muscle can only exert a pull. Muscles cannot eaepush. There are
various types of muscle contractions: a concerdaotraction occurs
simultaneously as the length of the muscle decsefise example, the
biceps during flexion of the forearm);a static ecantion occurs while
muscle length remains constant (the biceps wherfotlearm is flexed
and held without any movement); and an eccentmtraction occurs as
the length of the muscle increases (the bicepsidune extension of the
forearm). A muscle can cause movement only white léngth is
shortening (concentric contraction). If the lengfha muscle increases
during a particular activity, then the tension geted by the muscle
contraction is aimed at controlling the movementh& body segments
associated with that muscle(eccentric contractitirg.muscle contracts
but there is no segmental motion, then the tensitine muscle balances
the effects of applied forces such as those dugrawity (isometric
contraction).The skeletal muscles can also be namcedrding to the
functions they serve during a particular activiéar example, a muscle
is called agonist if it causes movement throughptecess of its own
contraction. Agonist muscles are the primary musscksponsible for
generating a specific movement. An antagonist neusgposes the
action of another muscle. Synergic muscle is thhichv assists the
agonist muscle in performing the same joint mottompression at the
elbow, knee, and ankle joints vary with externapplied forces and
with different segmental arrangements. How does firce on the
femoral head vary with loads carried in the hand?aWare the forces
involved in various muscle groups and joints durittifferent exercise
conditions? The forces involved in the human body be grouped as
internal and external. Internal forces are thos®@ated with muscles,
ligaments, and tendons, and at the joints. Exterregbplied forces
include the effect of gravitational acceleration e body or on its
segments, manually and/or mechanically appliede®ron the body
during exercise and stretching, and forces apptedhe body by
prostheses and implements. In general, the unknawststic problems
involving the musculoskeletal system are the joedction forces and
muscle tensions. Mechanical analysis of a joinunes that we know
the vector characteristics of tension in the musotduding the proper
locations of muscle attachments, the weights or semsof body

23



KHE 417 BIOMECHANICS

segments, the centers of gravity of the body setgneand the
anatomical axis of rotation of the joint.

THE DIFFERENCES AND THE SIMILARITIES BETWEEN
QUALITATIVE AND QUANTITATIVE PROBLEM-SOLVING
APPROACH

Scientific research is usually aimed at providings@ution for a

particular problem or answering a specific questiéven for the non-
researcher, however, the ability to solve probleespractical necessity
for functioning in modern society. The use of spegroblems is also
an effective approach for illustrating basic bioimetical concepts.

Quantitative versus Qualitative Problems

Analysis of human movement may be either quantgabr qualitative.
Quantitative implies that numbers are involved, guodlitative refers to
a description of quality without the use of numbe#er watching the
performance of a standing long jump, an observaghingualitatively
state, “That was a very good jump.” Another obsenmight
quantitatively announce that the same jump wasRih length. Other
examples of qualitative and quantitative descriptare displayed. It is
important to recognise that qualitative does notamegeneral.
Qualitative descriptions may be general, but they mlso be extremely
detailed. It can be stated qualitatively and gdheror example, that a
man is walking down the street. It might also batest that the same
man is walking very slowly, appears to be leanioghe left, and is
bearing weight on his right leg for as short a tia® possible. The
second description is entirely qualitative but pdeg a more detailed
picture of the movement. Both qualitative and qitative descriptions
play important roles in the biomechanical analgdifuman movement.
Biomechanical researchers rely heavily on quantéatechniques in
attempting to answer specific questions relatedh® mechanics of
living organisms. Clinicians, coaches, and teacbéphysical activities
regularly employ qualitative observations of theatients, athletes, or
students to formulate opinions or give advice.

Solving Qualitative Problems

Qualitative issues usually occur during everydagvdies. Questions
such as what clothes to wear, whether to majootarty or English, and
whether to research or watch television are allassin the sense that
they are uncertainties that will need resolutiomaksing human
movement, whether to detect a gait phenomenon ofinatune a
technique, is basically a problem-solving procésthe body movement
sequencing appropriate (or optimal) for executing $kill? Why does
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this elderly woman have a propensity to fall? Vi#hthis shot putter not
getting more distance? There are some examples are rbasic

questions: 1 Is there excessive pronation durirggit cycle's stance
phase? 2. Is the ball released as soon as the etbawhes full

extension? 3. Does this person’'s m is trackingp®@fpiatella be alleviated
by selective strengthening of the vastus mediddigjous? The next step
in evaluating a human movement is to collect ddter mne or more
guestions have been identified. The form of datastm@mmmonly

collected by teachers, therapists, and coachesudaitative visual

observation data. That is, the movement analysfally observes the
movement being performed and makes either writtemental notes. It
is beneficial to prepare ahead as to the best ndis(a) and

perspective(s) from which to make the Observationsrder to obtain

the best observational data possible.

Solving Formal Quantitative Problems

Formal problems are effective vehicles for tramsahebulous concepts
into well-defined, specific principles that can feadily understood and
applied in the analysis of human motion. People biieve themselves
incapable of solving formal stated problems do mrecbgnise that, to a
large extent, problem-solving skills can be learnEdtire books on

problem solving approaches and techniques are aail However,

most students are not exposed to coursework imwglvgeneral

strategies of the problem solving process.

A simple procedure for approaching and solving fwis involves 11
sequential steps:

1. Read the problem carefully. It may be necessaryead the
problem several times before proceeding to the seeft. Only
when you clearly understand the information giverd ahe
guestion(s) to be answered should you undertake2ste

2. Write down the given information in list forrt.is acceptable to
use symbols (such as v for velocity) to represenysgal
quantities if the symbols are meaningful.

3. Write down what is wanted or what is to be dateed, using list
form if more than one quantity is to be solved for.
4. Draw a diagram representing the problem sitnatiolearly

indicating all known quantities and representingseh to be
identified with question marks. (Although certaigpés of
problems may not easily be represented diagramatigtiat is

critically important to carry out this step wheneymssible to
accurately visualise the problem situation.)
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5. Identify and write down the relationships ormalas that might
be useful in solving the problem. (More than onenfola may be
useful and/or necessary.)

6. From the formulas that you wrote down in stepsélect the
formula(s)containing both given variables (fromps® and the
variables that are desired unknowns (from stepf3.formula
contains only one unknown variable that is the alslé to be
determined, skip step 7 and proceed directly tp 8te

7. If you cannot identify a workable formula (in reodifficult
problems),certain essential information was propalviot
specifically stated but can be determined by infeeeand by
further thought on and analysis of the given infation.

QUALITATIVE ANALYSISOF SPORTSMOVEMENTS

Sports biomechanists use two main approaches ttysama human
movement patterns in sport — qualitative and qtetinte analysis. The
previous section focused on qualitative analysighitd approach fits
somewhere between the two and is often known as geantitative
analysis.

Uses of Qualitative Analysis?

. Video recording or observation.

. Other movement pattern representations, sucheghsg, focusing
on their patterns, not their quantification.

. Qualitative analysis software packages, such d&ors
COACHTI. Who uses this?

. Teachers, coaches, athletes, physiotherapisis,agalysts, and

judges of ‘artistic’ sports, such as ice dance gyrdnastics.
Performance analysts’ working with athletes ariters.

3).  Introduction to Sports Biomechanics

The following are the uses of Biomechanics:

. To differentiate between individuals or teams.

. To improve movement or performance, as in gadlymis and
video analysis.

. To provide qualitative feedback. Semi-quantitatanalysis what
do we use for this?

. Mostly as for qualitative analysis plus some danp

measurements such as: joint ranges of motion dwmsidf sub-
phases of the movement, such as the stance andrspppses in
running, and their ratios to the overall movemémetdistances,
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such as stride length joint angles at key timesh @s knee angle
at take-off for a jump notation — goals scored spasetc.

SELF -ASSESSM ENT EXERCISE

4.0

List and explain five different types of joints newent
anatomically.

CONCLUSION

Qualitative analysis describes and analyses movemean-
numerically, by seeing movements as patterns, vgubmntitative
analyses describes and analyses movement numgricall
Quantitative analysis can sometimes appear morectwg
because of its data; however, the accuracy anabikdy of such
data can be very suspect, particularly when obdaine
competition.

Qualitative analysis is often more strongly rooied structured
and multi-disciplinary approach, whereas quantigatanalysis
can appear to lack a theoretical grounding ancetddia- driven.
Background to qualitative analysis is to be objextiand
scientific, qualitative analysis needs to use acstired approach,
moving from preparation, through observation, dasis-
evaluation (and review).

Skeletal muscles have over 600muscles in the hubuaty,
accounting for 45% of the total body weight.

The three types of muscles; cardiac, smooth antetskevere
discussed.

Movement of human body segments is achieved asut ref
forces generated by skeletal muscles that convieemdaal
energy into mechanical work,

The skeletal muscles can also be named accordinghd¢o
functions they serve during a particular activity.ea muscle is
called agonist if it causes movement through trecgss of its
own contractions. While antagonist muscle oppolesattion of
another muscle, synergic muscle is that which &sgie agonist
muscle in performing the same joint motion compmsst the
elbow, knee, and ankle joints vary with externalpplied forces
and with different segmental arrangements.
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50 SUMMARY

Anatomy is the study of the structure of the hurbady, it provides
essential labels for musculoskeletal structuresjaind motions relevant
to human movement. Knowledge of anatomy also pes/id common
language of human body and motions for kinesiolagyl medical
professionals.

Anatomy is primarily a descriptive field of studpdiis not by itself,
enough to explain the function of the musculoskletystem in
movement. Knowledge of anatomy must be combinedh wit
biomechanics to accurately determine the musculetsitecauses or the
how human movement is created.

Body planes, it is also necessary to delineatspreeific body planes of
reference, since they will used to describe stmattyposition and
directions of functional movement and position adference, or
anatomic position, has the body facing forward,ithads at the sides of
the body, with the palms facing forward, and thet feointing straight
ahead.

Movements that occur about an axis are consideredional, whereas
linear movements along an axis and through a plare called
translational. Curvilinear motion occurs when an$lational movement
accompanies rotational movement.

The human body is a rigid in the sense that it wemntain a posture,
and flexible in the sense that it can be changpaditure and move. The
flexibility of the human body is due primarily tche joints, or
articulations, of the skeletal system. The primayction of joints is to
provide mobility to the musculoskeletal system,vumtong mobility, a
joint must possess a degree of stability. Sincéemint joints have
different functions, they possess varying degreésmobility and
stability.

Scientific research is usually aimed at providings@ution for a

particular problem or answering a specific questiéven for the non-
researcher, however, the ability to solve probleespractical necessity
for functioning in modern society. The use of spegroblems is also
an effective approach for illustrating basic bioimetical concepts.

Analysis of human movement may be either quantgabr qualitative.

Quantitative implies that numbers are involved, godlitative refers to
a description of quality without the use of numbers
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Both qualitative and quantitative descriptions glaportant roles in the
biomechanics analysis of human movement. Biomechhnesearchers
rely heavily on quantitative techniques in attemgtto answer specific
questions related to the mechanics of living orgas, clinicians,
coaches, and teachers of physical activities relyudanploy qualitative
observations of their patients, athletes, or sttglenformulate opinions
or give advice.

6.0 TUTOR-MARKED ASSIGNMENT
1) List and explain differences between qualitative gnantitative

analyses in human movement;
2) List and explain different movements pattern inrspo

7.0 REFERENCESFURTHER READING

Peter M. McGinnis (2013). Biomechanics of Sport &xarcise (3ed).
ISBN: 13:978-0-7360-7966-2

Human Kinetics; Printer: Thomon- shore, Inc
www.humankinetics.com/biomechanicsandexericse

Shirl J. Hoffman (2009): Introduction to Kinesiokpg Study physical
activities.www.humankinetics.com

Answer to Module 1 Unit 1 In-Text Question: (Define the term
biomechanics). Biomechanics is a multidisciplinacyence concerned with
the application of mechanical principles to the laanbody in motion force
among other human movement activities.

In general, a material can be categorised as edhsolid or fluid. Solid
materials can be rigid or deformable. A rigid bodyone that cannot be
deformed. In reality, every object or material degglergo deformation to
some extent when acted upon by external forcesorime cases, the amount of
deformation is so small that it does not affect tlesired analysis. In such
cases, it is preferable to consider the body ad agd carry out the analysis
with relatively simple computations.

The analysis of forces on rigid bodies at restraweling at a constant velocity
is known as statics. The subject of dynamics isid®ah motion. Kinematics
is a branch of dynamics that studies the geomettytime-dependent aspects
of motion without taking into account the forcesttltause it. Kinetics is
founded on kinematics and takes into account teetsfof forces and masses.
The study of the external effects of forces ondrigpdies, bodies for which
deformation (change in shape) can be ignored, gsstibject of statics and
dynamics. The dynamics of deformable bodies, on dliger hand, is
concerned with the relationships between externailyosed loads and their
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internal effects on the body. This field of applé&chanics does not presume
that the bodies of interest are rigid, but congdée true existence of their
material properties. The mechanics of deformabktéidsohas close links with
the field of material science which deals with th®mic and molecular
structure of materials. Deformable body mechanicgepts play an important
role in the design of structures and system partgeneral, deformable body
mechanics analyses are more difficult to conduanh tfigid body mechanics
analyses.
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MODULE 2

UNIT 1 THE BIOMECHANICS OF HUMAN
MUSCLE SKELETAL BASIS

CONTENTS

1.0 Introduction

2.0 Intended Learning Outcomes
3.0 Main Content

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Muscle is the only tissue capable of actively dep#lg tension. This
characteristic enables skeletal, or striated, neudd perform the
important functions of maintaining upright body pog, moving the
body limbs, and absorbing shock. Because muscleooén perform
these functions when appropriately stimulated, thenan nervous
system and the muscular system are often refeoredllectively as the
neuromuscular system. This chapter discusses thaviogal properties
of muscle tissue, the functional organization c#letal muscle, and the
biomechanical aspects of muscle function

2.0 INTENDED LEARNING OUTCOMES (ILOS)

By the end of this unit, you will be able to:

. explain behavioral properties of the musculo
. explain Structural Organization of Skeletal Muscle
. explain Skeletal Muscle Function

3.0 MAIN CONTENT
3.1 Behavioral Properties of the Musculo Tendinous

Extensibility, elasticity, irritability, and the dity to build stress are the
four behavioral properties of muscle tissue. Botusaofes, including

human cardiac, smooth, and skeletal muscle, asaselhe muscles of
other mammals, reptiles, amphibians, birds, aneéciss share these
characteristics.
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Extensibility and Elasticity

The properties of extensibility and elasticity astemmon to many
biological tissues. Extensibility is the ability tbe stretched or to
increase in length, and elasticity is the abildyréturn to normal length
after a stretch. Following a stretch, muscle etégtireturns it to its
normal resting length, allowing stress to be smiyotitansferred from
muscle to bone. Muscle has been defined as hawg rhajor
components in terms of elastic behavior. When acieuis passively
stretched, the Parallel Elastic Part (PEC) formed the muscle
membranes provides resistance. When a tensed masstietched, the
series elastic part (SEC) in the tendons acts gwiag to store elastic
energy. The membranes and tendons that make uparelasticity are
called that way because they are parallel to arsires (or in line) with
the muscle fibers that provide the contractile ipart The SEC is
thought to be largely responsible for the elastiaf human skeletal
muscle. Modeling experiments show that when a @uomavement
(knee flexion) occurs immediately before a lea, ltleight of the jump
increases due to increased elasticity of the SE®enlower extremity
muscles (35).0Other studies that support the risenirscle force after
stretching have discovered that the PEC contribiots®me of the force
enhancement (40). The viscous property of bothSBEE€ and the PEC
allows muscle to stretch and recoil in a time-dej@eh manner. When a
muscle group, such as the hamstrings, is stretstadttally over time,
the muscle lengthens, increasing joint range ofionotSimilarly, when
a muscle group is extended, it does not necesgeatilyn to its resting
length, but rather shortens over time. Gender lmabearing on this
viscoelastic response.

Irritability and the Ability to Develop Tension

Irritability is another of muscle's distinguishiobaracteristics, as is the
ability to react to a stimulus. Electrochemicatrstli, such as an action
potential from the attaching nerve, or mechani¢ahidi, such as an
external blow to a part of a muscle, affect musclsiscle stress
develops as it is triggered by a stimulus. Musdsue has only one
behavioral characteristic: the capacity to prodsicess. Contraction, or
the contractile portion of muscle function, hasrbased to explain the
production of stress by muscle in the past. Thditabdb shorten in
length is known as contractility.

3.2 Structural Organisation of Skeletal Muscle
The human body comprises approximately 434 musalbgh account

for 40-45 percent of the body weight of most adulia the right and
left sides of the body, muscles are distributedans. Body movements
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and posture are regulated by around 75 muscle, paite the rest

involved in tasks such as eye control and swallgwifhe anatomical
and physiological features of the muscle influebicenechanical factors
such as the developed force and the amount ofthatethe force can be
sustained when stress is developed in the muscle.

Muscle Fibers

A single muscle cell is called a muscle fiber beeaof its thread like
shape. The membrane covering the muscle fiber tsnotalled the
sarcolemma, and the specialised cytoplasm is tegasmbplasm. Every
fiber's sarcoplasm comprises numerous nuclei amacirondria, as well
as numerous thread-like myofibrils that run patdtbeone another. The
myofibrils contain two types of protein filamentghich when arranged
in a particular way; create the striated patteat thves skeletal muscle
its name. The naming of these structures for refsravas prompted by
observations of improvements in the visible banud lnes in skeletal
muscle during muscle contraction through the mops. The
sarcomere is the basic structural unit of the neusdiber,
compartmentalised between two Z lines. An M lineseeach sarcomere
in half. The A bands are made up of dense, rougbsinyfilaments that
are encircled by six small, smooth actin filamefise bands are made
up entirely of thin actin filaments. Attachment4dines, which bind to
the sarcolemma, keeps the protein fragments ireptaboth bands. The
H regions, which only contain thick myosin filamgnare located in the
middle of the A bands. The thin actin filamentsnireither end of the
sarcomere slip toward each other during muscleraotion. The Z lines
travel toward the A bands, which retain their or@i size under a
microscope, while the | bands narrow and the Harganishes. During
muscle contraction, cross-bridges, which are ptmes from the
myosin filaments, form physical linkages with theti@ filaments, with
the amount of linkages proportional to both foroput and energy
expenditure. Adults have a lot of difference in kegth and diameter of
muscle fibers within muscles. Some muscle fibersthe length of the
muscle, while others are much shorter. From bothdulthood, skeletal
muscle fibers grow in length and diameter. Res#anaining with few
repetitions of large loads can also increase fili@meter in adults of all
ages.

3.3 Skeletal Muscle Function

The amount of tension present in an activated reusel constant
throughout the muscle's duration, as well as intédmelons and at the
sites of the musculotendinous attachments to bbhe.muscle's tensile
force pulls on the attached bones, creating toequke joints where the
muscle crosses. The direction of any resulting mwrd is determined
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by the net torque present at a joint, accordingh® laws of vector
addition. Torques may be caused at a joint by thght of the attached
body segment, external forces acting on the bodg, tansion in any
muscle crossing a joint.

Fig. 2.1: Tension in Muscle Crossing a Joint
Recruitment of Motor Units

The central nervous system has a complex contstésythat allows the
speed and magnitude of muscle contraction to bechwdt to the
movement's requirements, allowing for smooth, @édic and precise
movements. ST motor units are supplied by nerves kiave lower
thresholds and are easier to activate, whereas Biornunits are
supplied by nerves that are more difficult to aatés

Fig. 2.2: Muscle Contraction

Consequently, the ST fibers are the first to bevatd, even though the
resulting limb movement is rapid. As the force regment, speed
requirement, or length of the operation increasasfor units with
higher thresholds are gradually enabled, with Tfpeor FOG, fibers
inserted before the Type llb, or FG, fibers. Thisra range of ease of
activation within each fiber category, and the camervous system can
selectively activate more or less motor units. Taetral nervous system
can almost exclusively recruit ST fibers during {owensity exercise.
Type lla and then Type llb motor units are triggeras operation
progresses and fatigue sets in, until all mototsuaiie active.

34



KHE 417 MODULE 2

Tension Development

As muscular strain creates a torque at a joint ihagreater than the
resistive torque, the muscle shortens, changingtigge at the joint. As
a muscle contracts, the contraction is concenand, the resultant joint
movement is in the same direction as the muscit'sanque. A single
muscle fiber has the ability to shorten to arouradf lof its normal
resting length. Muscles can also become tense utitheing shortened.
Muscle length remains unchanged and no movemenir®et the joint
if the opposing torque at the joint crossed byrthescle is equal to the
torque provided by the muscle (with zero net torguesent). Isometric
contractions occur as muscular stress developghien¢ is no shift in
muscle length. Bodybuilders use isometric tensmadmonstrate their
muscles during competitions because tension raisesliiameter of the
muscle. Isometric stress in muscles on oppositessid an arm, such as
the triceps brachii and biceps brachii, raisesdiuss-sectional area of
the tensed muscles, even if there is no movemeitheashoulder or
elbow joints. The muscle lengthens when opposing jorque exceeds
that generated by muscle tension. The contracBoectentric when a
muscle lengthens when it is stimulated to develtess, and the
direction of joint motion is opposite that of thetnmuscle torque.
During the elbow extension or weight lowering prexeof a curl
exercise, eccentric stress develops in the elbewofs. The eccentric
tension serves as a braking mechanism to regulateemment speed.
Without the involvement of eccentric tension in theuscles, the
forearm, wrist, and weight will drop in an unconlied way because of
the force of gravity. Training in the same exeraisede enhances the
ability to build stress under concentric, isometrand eccentric
conditions.

Roles Assumed by Muscles

Just one thing an activated muscle can do is geneteess. We often
speak in terms of the function or position thaiveg muscle is carrying
out when it acts in conjunction with other musateessing the same
joint because one muscle seldom acts in isolafimnagonist, or mover,

is a muscle that contracts and induces movemeatidy segment at a
joint. Since a movement sometimes involves sevemakcles, the

distinction between main and assistant agonistsfien made. The
brachialis and biceps brachii, for example, sersepamary agonists
during the elbow flexion process of a forearm cuwjth the

brachioradialis, extensor carpi radialislongus, prahatorteres acting as
assistant agonists. (1)Both one-joint muscles gctia agonists either
produce stress at the same time or remain dor@amscles that have
opposite behavior to the agonists can serve ag@amtds or opposers by
inducing odd agitation at the same time as the iastgpoause movement.
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Agonists and antagonists are also found on opposithes of a joint.
During elbow flexion, when the brachialis and theelps brachii are
primary agonists, the triceps could act as antag®rby developing
resistive tension.

When the triceps are the agonists during elbownsioa, the brachialis
and biceps brachii can act as antagonists. Whiiaganist muscles do
not sustain constant tension during skilled moveyamtagonists often
provide controlling or braking acts, particularly the end of quick,
forceful movements. Agonists are most active duidegeleration, or
negative acceleration, while agonists are most@cturing acceleration
of a body part. Simultaneous quadriceps and hamgsstrain growth
helps to stabilise the knee against potentiallyriialr rotational forces.
Internal force, such as stress in other muscleextarnal force, such as
the weight of an object being lifted, are also mbses. During
waterskiing, the rhomboids serve as stabiliserdéeloping tension to
hold the scapulae secure against the pull of thwerepe. Muscles also
serve as a neutraliser in a fourth role. Neutredistop unwanted side
effects from occurring when agonists develop cotreetension. If a
muscle induces both flexion and abduction at at jout only flexion is
required, a neutraliser causing adduction will reendhe unwanted
abduction. As the biceps brachii experiences cdnicestrain, it induces
both elbow flexion and forearm supination. The @on teres act as a
neutralizer to counteract the supination of theedom if only elbow
flexion is needed. The cooperative acts of sevemalscle groups
functioning sequentially and in concert are chamastic of human
movements. Even the basic task of raising a glasster from a table,
for example, necessitates the use of many diffeneunscle groups in
various ways. The scapular muscles, as well adleélker and extensor
muscles of the wrist, play a stabilising role.Thexér muscles of the
fingers, elbow, and shoulder perform the agonisicfion. Horizontal
abductors such as the middle deltoid and suprasginact as
neutralisers because the major shoulder flexoesattterior deltoid and
pectoralis major, also produce horizontal adducthartagonist behavior
in the elbow extensors can also help to regulateement speed during
the motion. Gravity is the primary mover when tHasg of water is
returned to the table, with antagonist action ie #lbow and shoulder
flexors regulating movement speed.

Two-Joint and Multijoint Muscles

Many muscles cross two or more joints in the huipady. The biceps
brachii, long head of the triceps brachii, hamgsinrectus femoris, and
a variety of muscles that cross the wrist and mdgdr joints are
examples. Since the amount of stress in a musdernierally constant
throughout its length and at the sites of its teads attachments to
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bone, these muscles influence motion at both aofathe crossed joints
at the same time. The position and direction ofrthuscle's attachment
relative to the joint, as well as the tightnessladty present in the
muscle, determine the effectiveness of a two-jommulti-joint muscle
in inducing movement at any joint crossed in thesoulp tendinous
unit, and the actions of other muscles that crbssjoint. Two-joint
muscles can produce force with a significant trens® component,
while one-joint muscles produce force primarily line with a body
section. However, there are two drawbacks to theraimn of two-joint
and multi-joint muscles. They are unable to shortenthe degree
necessary to achieve a full range of motion atwriksed joints at the
same time, a condition known as active insufficierwhen the wrist is
in flexion, the finger flexors can't make a fisttaght as they can when
it's in neutral. When the locations of both joiate crossed, the muscles
become extremely slackened, and certain two-joinscies are unable
to generate any force. Another issue is that mespfe's two-joint and
multi-joint muscles are unable to extend to therdegappropriate for
maximum range of motion in the opposite directibalacrossed joints.
Passive insufficiency is the term for this conditidf the fingers are not
completely extended, for example, a wider degrebypkrextension is
likely at the elbow. Similarly, due to the change gastrocnemius
tightness, a greater range of ankle dorsiflexiamtwa achieved while the
knee is in flexion.

FACTORS AFFECTING MUSCULAR
FORCE GENERATION

The magnitude of the force produced by musclesis aifluenced by the
rate at which the muscle shortens, the length ef riuscle when
stimulated, and the time since the muscle was $ited. These factors
have been extensively studied because they arertamaleterminants
of muscle power.

Force—Velocity Relationship

The velocity of the muscle's shortening or lengthgris regulated by
the maximum force that it can produce, with thetiehship shown in
the concentric and eccentric zones of the graphpectively. Hill

defined this force velocity relationship for contiantension production
in muscle for the first time in 1938. Since theateinship only applies
to maximally activated muscle, it does not exteadother everyday
activities. As a consequence, the force—velocitati@nship does not
mean that moving a strong resistance at a highdsgedifficult. The

magnitude of maximal isometric stress increasels mitiscle strength. If
the resistance is raised; this is the maximum amotirforce that a
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muscle can produce before lengthening. Regardlésheodegree of
maximal isometric stress, the general form of ted—velocity curve
remains the same. The force—velocity relationslipsdnot mean that
moving a light load at a slow speed is difficulhel majority of daily

activities necessitate sluggish, regulated submalxioad movements.
Volitional regulation of muscle shortening velocity possible with

submaximal loads. Only the appropriate number oftomanits is

switched on. For example, depending on the regiilpégtern of motor
unit recruitment in the muscle groups involved,em@l can be picked
up quickly or slowly from a desktop. Human skeletsinooth, and
cardiac muscle, as well as muscle tissues fromr ottzenmals, have all
been subjected to force—velocity tests. The gertezatl holds true for
all forms of muscle, including the tiny musclesttbause insect wings
to flutter rapidly. The maximum force at zero vetg@and the maximum
velocity at a minimal load differ depending on thiee and form of
muscle. The form of the concentric portion of theve corresponds to
the rate of energy output in a muscle, despite fdnt that the

physiological basis for the force—velocity relasbip is unknown.

MUSCULAR STRENGTH, POWER, AND ENDURANCE

The force-generating characteristics of muscledaseussed within the
principles of muscular strength, capacity, and eadce in functional

assessments of muscular function. These muscleidancharacteristics
have important consequences for performance in@eu of strenuous
physical activities, such as splitting wood, thmgvia javelin, or hiking

up a mountain trail. Maintaining sufficient museslkeength and stamina
is critical for carrying out everyday tasks andvering injury in senior

citizens and individuals with neuromuscular disosd® injuries.

Muscular Strength

When scientists excise a muscle from an experirhesrtanal and
electrically stimulate it in the lab, the force guzed by the muscle can
be directly calculated. Our understanding of thecdevelocity and
length—tension relationships for muscle tissuerisiarily derived from
regulated experimental work of this kind. Howevirjs difficult to
precisely determine the force exerted by a giversaleuin the human
body. The most popular method of calculating "miescsatrength” is to
calculate the maximum torque produced by an entinscle group at a
joint. Muscular strength is thus defined as a fiomciof a functional
muscle group's collective force-generating capgbiluscular strength
is the ability of a particular muscle group to pwod torque at a specific
joint.
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Muscular strength is just one componentplofsical fithess.Along
with cardiovasculafitness,muscular enduraegflexibility andbody
compositi;m, muscular strength can provide sevéedlth benefits.
Muscular strength refers to the amount of force wsscte can produce
and is usually measured by the maximum amountrggfa muscle can
produce in a single effort (maximal effort). The amt of muscle
strength which can be achieved depends on gender,aad inherited
physical attributes. While strong muscles are dgdefor any athletic
endeavour, strong muscles can benefit everyonenresvay.

Strong muscles can have direct and indirect benefiton health and
include:

No ok wbde

Ease of movement

Good posture

Easier performance of work, everyday activities exercise
Easier performance of recreational activities

Stronger tendons and ligaments, éodes

Decreased risk of injury

Decreased risk of falls

Health Benefits of Muscular Strength

1.
2.

Muscles support your skeleton and enable movement.

Strong muscles in youegs, buttockshack, abdomen chest,
andshouldemprovide a person with the strength to stand up
straight and maintain good posture.

Strong muscles enable functional movements asgociaith
everyday living.

Many recreational activities such as skiing andaka&yg require
strength in particular muscle groups such as legpper body.
When muscles are strong the associated tendonshvatiach
muscles to bone, and ligaments, which attach bongohe are
usually also strong. Exercises which strengthen cieasare
associated with strengthening bones.

Strong muscle, tendons, ligaments aodesdecrease the risk
of injury as the body is better able to respond to falls xdrae
loads which the body experiences.

Back pain can be prevented or reduced by strengihdmack
muscles.

Arthritis can be alleviated by strengthening muscles ardahed
joints that are affected, and strength training rbaytherapeutic
for people with chronipain.

Good muscle strength can also increase work capsaithat an
individual does not tire easily, and can improvéleitc
performance.
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10.  During an emergency, strong muscles enable an ithdil to
work beyond their normal capacity. Daily tasks, lsas lifting
and moving heavy items, can be made easier if dinidual has
good muscular strength.

11.  Parents and grandparents need strong muscle tmflifnts and
young children...follow the link to the full arteclto learn more.

Muscular Endurance

Muscle endurance refers to a muscle's ability taintam tension over
time. The stress can be constant, like when a gghtttes an iron cross,
or it can vary cyclically, like when rowing, ridingr cycling. The
greater the stamina, the longer the time stresapglied. While
maximum muscular strength and power are distinenge muscular
endurance is less well understood since the forod apeed
specifications of the exercise have a significamtact on the amount of
time it can be sustained. Large numbers of repastiagainst relatively
light resistance are usual in muscular endurargeitig. This method of
training does not result in an increase in musbler fdiameter.

Benefits to Endurance Training:

1. Increased metabolism as physical tasks can be etedipior
longer

2. Reduced fatigue when exercising

3. Good posture

4. Fewer injuries

5. Less chance of back problems due to built endurahtrenk
muscles

6. Better sporting performance

7. Refined training techniques for many exercises

How to Increase Muscular Endurance?

Weight training —aim to complete a movement for at least 12
repetitions. If your muscles are exhausting socthen the weight is too
heavy and you are building strength not endurakoe. can use either
machines or free-weights to improve your muscutalueance.

Exercise slowly and controlled- avoid jerky movements and throwing
the weights about. Lower the resistance slowly wtraming through
the complete range of motion. Many people make rfistake of
thinking as they are trying to perform higher répmts that they should
just move faster.
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Regular exercise —f you want to improve endurance you need to train
on a regular basis. Ideally on a daily basis, wonkcompleting the
minimum 12 reps, taking a short rest and then rapgdor at least 3
sets on each major muscle group.

Challenge the body- you need to ensure it doesn’t become too easy.
When comfortable performing repetitions of an eis&cdo one of the
following: increase weight used, number of repsmbar of sets or
reduce the length of the rest period.

Move better —the more efficiently you are moving the easier iit e
to increase your endurance. For beginners it ist@estart with simple
movements when performing resistance training amttibg this up.
Start on machines and progressing to free-weights great way to do
this. If you think of your running technique, theora fluid this is the
longer you will be able to perform as you will beonking far more
efficiently.

Muscle Fatigue

Muscle fatigue is characterised as a reduction muacle's maximum
force capacity caused by exercise. Fatigability @lgo be defined as the
polar opposite of endurance. The more a musclguas, the lower its
endurance. The rate at which a muscle fatigue$festad by a variety
of factors, including the form and intensity of esiee, the various
muscle groups involved, and the physical environmenwhich the
operation takes place. Furthermore, inside a simgiscle.

The structure of muscle fibers and the pattern ofomunit activation

both influence the rate at which a muscle fatigdewever, this is an
emerging field of expertise, with a large amountrefated research
underway. Muscle fatigue is characterised by aebs® in muscle force
output capacity, a decrease in velocity, and p@donrelaxation of

motor units between recruitment. When a muscler figeunable to

produce tension when activated by its motor axbhas reached total
exhaustion. Fatigue can also affect the motor meyceventing it from

generating an action potential.

Causes of Muscle Fatigue

Exercise and other physical activity are a commeunse of muscle
fatigue. Other possible causes of this symptoruorel

1. Addison’s disease
2. Age
3. Anaerobic infections
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Anemia

Anxiety
Botulism

Cerebral palsy
Chemotherapy

Chronic fatigue syndrome (CFS)

Dehydration
Depression
Fibromyalgia

Hepatitis C
HIV

Hypothyroidism

Influenza (the flu)

Lack of exercise

Lactic acid production
Medications

Mineral deficiency

Muscular dystrophy
Myasthenia gravis

Myositis (muscle inflammation)
Poor muscle tone due to a medical condition
Pregnancy

Sleep deprivation

Stroke

Tuberculosis

Muscle fatigue symptoms

Muscle fatigue can occur anywhere on the body.rmmai sign of this
condition ismuscle weaknes©ther symptoms associated with muscle
fatigue include:

NoOokwNE

Soreness

Localised pain
Shortness of breath

Muscle twitching
Trembling

A weak grip
Muscle cramps

Treating muscle fatigue

The following should be considered in the treatntdmhuscle fatigue;

1.
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2. Stayinghydratedandmaintaining a healthy diefan also improve
your recovery time,

3. Protect against muscle fatigue and weakness, asdrenyou

have enough nutrients to promote healthy muscletiom.

Be sure testretchbefore and after strenuous activity.

Warming up can loosen your muscles and protechagaijury.

If your muscle fatigue persistsot and cold therapgre

techniques that can reduce inflammation and disodmf

o gk

Other cases of muscle fatigue may require medicenton.
Depending on your diagnosis, your doctor may piescanti-
inflammatory or antidepressant medications. If yourscle fatigue
is more severe, you doctor may recommend physitatapy to
increase your mobility and speed your recovery.cliss your
options with your doctor before pursuing treatment.

COMMON MUSCLE INJURIES

Muscle injuries are common, with most being reldiv minor.
Thankfully, healthy skeletal muscle has a high po#t for self-repair.
The activation of a complex collection of celluland molecular
responses is required for skeletal muscle regdoaraBatellite cells,
which are skeletal muscle stem cells, play a @litiole in the formation
of new muscle tissue.

Strains

Overstretching of muscle tissue induces musculainst An active
muscle is usually overloaded, and the severity loé injury is
proportional to the size of the overload and the mf overloading.
Mild, moderate, and serious strains exist. Mildisis are characterised
by a sensation of tightness or stiffness in thealeuand cause minimal
structural damage. A partial tear in the musclsugscauses discomfort,
fatigue, and some loss of function in second-degteagins. There is
extreme muscle tearing, functional loss, and ac@myipg hemorrhage
and swelling with third-degree sprains. The hamggiare the muscles
in the human body that are most often stressed.sHanrg strains are
especially troubling for athletes because they @keng time to heal
and have a roughly one-third recurrence rate withanfirst year after
returning to competition. According to study, edtenexercises with
heavy loads should be emphasised in hamstringyirguevention and
recovery programs.
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Contusions

Compressive forces incurred during impacts caus&usmns, or muscle
bruises. They are made up of hematomas that hassoged within the
muscle tissue. A serious muscle contusion, or ¢ is frequently
affected, can lead to the development of myosissiftans, a much
more serious disorder. The presence of a calcifiebs inside the
muscle is myositisossifi cans. After three or faoweeks, the fibroblasts
recruited during the healing process appear toindisish into
osteoblasts, with calcification evident on a radépdn. Desorption of the
calcified mass normally starts after six or severeks, though a bony
lesion in the muscle will remain.

Cramps

Muscle cramps have an etiology that is unclear, gmtential causes
include electrolyte imbalances, calcium and magmesshortages, and
dehydration. Cramps can also happen as a resudtire€t impacts.

Cramps can cause mild to extreme muscle spasmsglass varying

degrees of pain.

SELF-ASSESSMENT EXERCISE
I. List and describe different skeletal muscle funtdigou know.

il. Describe the behavioral properties of the muschtitesus unit.
iii. List and describe different roles of a muscle & iody.

4.0 CONCLUSION

o Four behaviors properties of muscle tissue, sudBxénsibility,
Elasticity, Irritability and ability to build stresare discussed.
. Both muscle including human cardiac, smooth, andlesl

muscle as well as the muscles of other mammalsilegp
amphibians, birds, and insects, share these faracteristics.

. The anatomical and physiological features of thesctau
influence biomechanical factors such as the deweldprce and
the amount of time that the force can be sustam®eh stress is
developed in the muscle.

. A single muscle cell is called a muscle fiber beseaaf its thread
like shape. The membrane covering the muscle fivenften
called the sarcolemma, and the specialised cytoplastermed
sarcoplasm.

. The amount of tension present in an activated neusctonstant
throughout the muscle’s duration as well as intdmelons and at
the sites of the musculotendinous attachmentsne.bo
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. The central nervous system has a complex contstesy that
allows the speed and magnitude of muscle contradio be
matched to the movement’s requirements, allowingsfaooth,
delicate, and precise movements.

o As muscular strain creates a torque at a jointighgreater than
the resistive torque, the muscle shortens, chantlingangle at
the joint.

. Common muscle injuries such as strains, contusicnasnps etc.

are discussed appropriately.
5.0 SUMMARY

Muscles in mammals, reptiles, amphibians, birdd, iasects, share the
same characteristics such as Irritability, ElastjdExtensibility and the

ability to build stress, these four behaviouralgexies are common in
all. The skeletal muscle performs lots of functsuth as the amount of
tension present in an activated muscle is constardgughout the

muscle’s duration. The muscle’s tensile force pufs the attached
bones, creating torque at the joints where the hausmsses. The
direction of any resulting movement is determinadtibe net torque

present at a joint, according to the laws of veattdition.

As a muscle contracts, the contraction is conagnémd the resultant
joint movement is in the same direction as the nelsmet torque, a
single muscle fiber has ability to shorten to admalf of its normal
resting length. Muscles can also become tense wtitheing shortened.

An agonist, or mover, is a muscle that contracts iaduces movement
of a body segment at a joint. Since a movement 8oras involves
several muscles, the distribution between main asgistant agonist is
often made.

The magnitude of the force produced by musclesis aifluenced by the
rate at which the muscle shortens, the length ef riuscle when
stimulated, and the time since the muscle was #&ited. Strong
muscles can have direct and indirect benefits @itthe@f an individual
in various ways such as; providing good postureseemovement,
decreased risk injury, easier performance of wesleryday activities
and even exercise etc.

Muscular endurance refers to a muscle’s abilitynintain tension over
time, the stress can be constant, like when a ggtrlges an iron cross
etc. the ways to increase muscular endurance wégediscussed such
as; having weight training, regular exercise, @k the body and
move better etc.
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Muscle fatigue is characterised as a reduction muacle’s maximum
force capacity caused by exercise. Fatigability @lgo be defined as the
opposite of endurance. The more a muscle fatigties, lower its
endurance. The rate at which a muscle fatiguestad by a variety of
factors, including the form and intensity of exsg;ithe various muscle
groups involved, and the physical environment inclwhthe operation
takes place. Causes of muscle fatigue such as éuldislisease, Age,
Anaerobic infections, Anxiety, Medications, etc. revediscussed.
Symptoms before fatigue are soreness, Localised paiscle twitching
and muscle cramps etc. muscle injuries are commitim most being
relatively minor are skeletal muscle has a higrepbal for self-repair,
such injuries are strains, cramps and contusians et

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe how strong muscles can be of benefit tandividual
health benefit.

2. List and explain different health benefits of muacustrength
you know.
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1.0 INTRODUCTION

In this part, we'll look at how bone's material gasition and structural
organisation affect how it reacts to mechanicaldiog. Bone's
composition and structure provide a material thatolid despite its light
weight.

2.0 INTENDED LEARNING OUTCOMES (ILOS)

By the end of this unit, you will be able to:

explain composition and Structure of Bone Tissue
enumerate the types of Bones

describe Bone Growth and Development

explain Bone Response to Stress

3.0 MAIN CONTENT
3.1 Composition and Structure of Bone Tissue

Bone's material composition and structural orgdmsahave an effect
on how it reacts to mechanical loading. Bone's awsiijpn and
construction provide a substance that is both satid light in weight.
Components of the material

Calcium carbonate, calcium phosphate, collagen, water are the
primary components of bone. The proportions of ¢hesterials differ

depending on the age and health of the bone. @alcarbonate and
calcium phosphate make up about 60-70% of dry egight. These
minerals are the main determinants of bone's cosspue strength and
stiffness. Bone tissue contains a large amount aftery which

contributes to bone strength. As a result, sciemtend engineers
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researching the material properties of various foahbone tissue must
be certain that the bone specimens they are exagnoo not become
dehydrated. Water brings nutrients to and wastduymts away from the
living bone cells within the mineralised matrix iapasses through the
bones. Water also carries mineral ions to and foome, where they are
stored and later used by the body tissues. Org#omsh Structure The
percentage of bone mineralisation varies dependmghe individual's
age as well as the type of bone in the body. Tlepgrtion of calcium
phosphate and calcium carbonate in porous bonewer| and the
proportion of non-mineralised tissue is higher. &hsn porosity, bone
tissue is divided into two groups. Cortical bonepieduced when the
porosity of the bone is minimal, with non-minerafistissue occupying
5-30% of the total volume of the bone. Spongy, eHdogs, or
trabecular bone has a relatively high porosityhwiiv mineralised tissue
occupying 30 percent to greater than 90 percenh@fbone thickness.
Trabecular bone is made up of cells filled with roar and fat that have
a honeycomb shape of mineralised vertical and botat bars called
trabecular. The porosity of bone is of concern beeait has a direct
impact on the tissue's mechanical properties. Gdrtione is stiffer than
trabecular bone due to its higher mineral contsatjt can withstand
more stress but less strain or relative deformatioabecular bone is
spongier than cortical bone, so it can handle nmuessure before
fracturing. The structure of a bone is determingditb function. The
long bones' shafts are made up of hard corticaéprcan withstand a
greater amount of stress before fracturing. Thectire of a bone is
determined by its function. The long bones' shafes made up of hard
cortical bone. The vertebrae's shock-absorbingtyld aided by their
relatively high trabecular bone content. Both @aitiand trabecular
bone are anisotropic, meaning they react to foritem different
directions with different strength and stiffnessonB is the most
resistant to compressive stress and the leastaests shear stress.

Bone is a mineralised connective tissue that ethibur types of cells:
osteoblasts, bone lining cells, osteocytes, andockists. Bone exerts
important functions in the body, such as locomatisopport and
protection of soft tissues, calcium and phosphtisage, and harboring
of bone marrow. Despite its inert appearance, herehighly dynamic
organ that is continuously resorbed by osteoclasts neoformed by
osteoblasts. There is evidence that osteocytegsantechanosensors and
orchestrators of this bone remodeling process. flinetion of bone
lining cells is not well clear, but these cells me® play an important
role in coupling bone resorption to bone formatiBone remodeling is
a highly complex process by which old bone is repiaby new bone, in
a cycle comprised of three phases: initiation ohd resorption by
osteoclasts, (2) the transition (or reversal pgrfomn resorption to new
bone formation, and (3) the bone formation by dstests. This process
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occurs due to coordinated actions of osteoclastepblasts, osteocytes,
and bone lining cells which together form the tenapp anatomical
structure called basic multicellular unit (BMU).

Normal bone remodeling is necessary for fracturaihg and skeleton
adaptation to mechanical use, as well as for aaldlomeostasis. On the
other hand, an imbalance of bone resorption anchdtion results in

several bone diseases. For example, excessiveptiesoby osteoclasts
without the corresponding amount of functioner bdmne osteoblasts
contributes to bone loss and osteoporosis, whellgascontrary may
result in osteopetrosis. Thus, the equilibrium ke bone formation
and resorption is necessary and depends on thenaxttiseveral local

and systemic factors including hormones, cytokiretemokines, and
biomechanical stimulation. Recent studies have shdhat bone

influences the activity of other organs and theebisnalso influenced by
other organs and systems of the body, providing mesights and

evidencing the complexity and dynamic nature ofédissue. In this

review we will address the current data about boglks biology, bone

matrix, and the factors that influence the bonea@ating process.

3.2 Types of Bones

The 206 bones of the human body have unique stesctand shapes
that enable them to perform specific functions. Teatral or axial
skeleton and the peripheral or appendicular skelate the two parts of
the skeletal system. The axial skeleton contaiastines that shape the
axis of the body, which are the skull, the vertebthe sternum, and the
ribs. The other bones form the body appendage#heomppendicular
skeleton. Bones are often divided into groups basedheir general
shapes and functions. The carpals and tarsaldharerily small bones
that are roughly cubical. These bones act as shbskrbers and have
minimal gliding motions. Flat bones are also ddsadi by their name.
These bones protect underlying organs and sottessand also provide
large areas for muscle and ligament attachments.flahbones include
the scapulae, sternum, ribs, patellae, and sortteedfones of the skull.
Irregular bones have different shapes to fulfilesipl functions in the
human body. For example, the vertebrae provide ray,bprotective
tunnel for the spinal cord; offer several procesfms muscle and
ligament attachments; and support the weight ofstiperior body parts
while enabling movement of the trunk in all thresdinal planes. The
sacrum, coccyx, and maxilla are other examplesefular bones.

Long bones form the framework of the appendiculeleton. They
consist of a long, roughly cylindrical shaft (alsalled the body, or
diaphysis) of cortical bone, with bulbous ends knoas condyles,
tubercles, or tuberosity's. A self-lubricating auiar cartilage protects
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the ends of long bones from wear at points of atintath other bones.
Long bones also contain a central hollow area knasithe medullary
cavity or canal. The long bones are adapted in arm® weight for
specific biomechanical functions. The tibia and dgenare large and
massive to support the weight of the body. The lboges of the upper
extremity, including the humerus, radius, and ulage smaller and
lighter to promote ease of movement. Other longelsomclude the
clavicle, fibula, metatarsals, metacarpals, andguiges.

DIAGRAM OF DIFFERENT TYPES OF BONES

IRREGULAR

BONE TYPES

www.visiblebody.com
}ittp://Www.Visiblebod.com/url?sa
Fig. 2.3: Types of Bone

3.2 Bone Growth and Development

Bone growth begins early in fetal development, dimthg bone is
continually changing in composition and structureing the life span.
Many of these changes represent normal growth atdration of bone.
Longitudinal growth of a bone occurs at the epiglsysor epiphyseal
plates. The epiphyses are cartilaginous discs fowgad the ends of the
long bones. The diaphysis (central) side of eadphgpis continually
produces new bone cells. During or shortly follogviadolescence, the
plate disappears and the bone fuses, terminatingitlalinal growth.
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Most epiphyses close around age 18, although some ba present
until about age 25.Circumferential Growth Long b®geow in diameter
throughout most of the life span, although the nmrapid bone growth
occurs before adulthood. The internal layer of plegiosteum builds
concentric layers of new bone tissue on top oftesgones. At the same
time, bone is resorbed or eliminated around theuoiference of the
medullary cavity, so that the diameter of the gavg continually
enlarged. This occurs in such a way that both benpdtress-es and
torsional stresses on the bones remain relativetgtant. These changes
in bone size and shape are the work of specialisgits called
osteoblasts and osteoclasts, which respectiveiy fand resorb bone
tissue. In healthy adult bone, the activity of oslasts and osteoclasts is
largely balanced. Adult Bone Development There ma@gressive loss
of collagen and increase in bone brittleness wiing Thus, the bones
of children are more pliable than the bones of @duBone mineral
normally accumulates throughout childhood and ab@ece, reaching a
peak at about age 25-28 in women and age 30-3%m Following
this peak, researchers disagree as to the lenditmefthat bone density
remains constant. However, an age-related, pragesdgcline in bone
density and bone strength in both men and womenbagin as soon as
the early twenties. This involves a progressive idishment in the
mechanical properties and general toughness of, beitle increasing
loss of bone substance and increasing porositybebwadar bone is
particularly affected, with progressive disconnattand disintegration
of trabecular compromising the integrity of the b@nstructure and
seriously diminishing bone strength. These charmes much more
pronounced in women than in men, however. In wontkare is a
notable decrease in both volume and density oficarbone, and a
decrease in the density of trabecular bone witmggApproximately
0.5-1.0% of bone mass is lost each year, until womeach about age
50 or menopause. Following menopause, there appwearse an
increased rate of bone loss, with values as higl6.8% per year
reported during the first five to eight years. Altlgh similar changes
occur in men, they do not become significant befmmore advanced
age. Women at all ages tend to have smaller bamkseas cortical bone
area than do men, although volumetric bone mingeakity is similar
for both genders.

3.3 Bone Response to Stress

Other changes that occur in living bone throughhbatlife span are un-
related to normal growth and development. Boneardp dynamically
to the presence or absence of different forces withnges in size,
shape, and density. This phenomenon was origirtehcribed by the
German scientist Julius Wolff in 1892:The form ob@ne being given,
the bone elements place or displace them-selvethandirection of
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functional forces and increase or decrease thessma reflect the
amount of the functional forces. Bone Modeling aRdmodeling
According to Wolff's law, the densities and, to ach lesser extent, the
shapes and sizes of the bones of a given humag heta function of
the magnitude and direction of the mechanical sé®ghat act on the
bones. Dynamic mechanical loading causes bonegftord or strain,
with larger loads producing higher levels of straiinese strains are
translated into changes in bone shape and strahgiigh a process
known as remodeling. Remodeling involves desorptainfatigue-
damaged older bone and subsequent formation of In@we. Bone
modeling is the term given to formation of new bdnat is not preceded
by desorption, and is the process by which immabarees grow. Adult
bones gain or lose mass in accordance with Wdéfis When strain on
a bone exceeds a certain threshold, new bonedigdtavn at the strain
sites, and overall bone mass and density are isedeaVhen strain
magnitudes stay below a lower threshold, bone retmogl occurs, with
bone removed close to the marrow. Strain magnitidéstween these
two thresholds occur in what is termed the “lazynwe&oboand do not
trigger bone adaptation. Remodeling can occur tineei“conservation
mode,” with no change in bone mass, or “disuse niodi¢h a net loss
of bone mass characterised by an enlarged marreity and thinned
cortex.

Bone is a very dynamic tissue, with the modelingl aemodeling
processes continuously acting to increase, decreaseeshape bone.
The modeling and remodeling processes are dirdstedsteocytes, cells
embedded in bone that are sensitive to changémeifidw of interstitial
fluid through the pores resulting from strain ore thone. Dynamic
loading resulting from high-level impact produceshah rate of
deformation that best pushes Fluid through the loagix. It is for this
reason that activities involving high levels of iagp are best at
stimulating bone formation. In response to the omotf fluid within the
bone matrix, osteocytes trigger the actions ofaidtests and osteoclasts,
the cells that respectively form and resorb boneprédominance of
osteoblast activity produces bone modeling, witihhed gain in bone
mass. Bone remodeling involves a balance of ostisblaind osteoclast
action or a predominance of osteoclast activitythwassociated
maintenance or loss of bone mass. Approximately 25%e body’s
trabecular bone is remodeled each year throughpigsess. Strains
resulting from an activity such as walking are might to provoke bone
turnover and new bone formation. Thus, bone mimsatdn and bone
strength in both children and adults are a functbstresses producing
strains on the skeleton. Since body weight provitiesmost constant
mechanical stress to bones, bone mineral densitgrgly parallels
body weight, with heavier individuals having moreassive bones.
Adults who gain or lose weight tend to also gainlose bone mineral
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density. However, a given individual's physical ieity profile, diet,
lifestyle, and genetics can also dramatically iefloe bone density.
Factors such as lean body mass, muscle strengttl, ragular
participation in weight-bearing exercise have betrown to exert
stronger influences on bone density than weighighte and race.
Dynamic loading during participation in gymnastiess been shown to
affect bone size and strength more than muscle .nfa&n in young,
nonathletic children, bone appears to remodel ispoase to the
presence or absence of physical activity. The rahilgéy of bone is
dramatically exemplified by the case of an infarftomvas born in
normal physical condition but missing one tibiag tmajor weight-
bearing bone of the lower extremity. After the dhitas walking for a
time, X-rays revealed that modeling of the fibutathe abnormal leg
had occurred to the extent that it could not bdirdjsished from the
tibia of the other leg. Another interesting casé¢hist of a construction
worker who had lost all but the fifth finger of ohand in a war injury.
After metacarpal and phalanx of the remaining fimugd been modeled
to resemble the third finger of the other hand. @ddypertrophy
Although cases of complete changes in bone shapsiaa are unusual,
there are many examples of bone modeling, or bopertrophy, in
response to regular physical activity. The bone9luoysically active
individuals tend to be denser and therefore moreeraiised than those
of sedentary individuals of the same age and gendereover, the
results of several studies indicate that occupatard sports particularly
stressing a certain limb or region of the body prelaccentuated bone
hypertrophy in the stressed area. For example,epsainal tennis
players display not only muscular hypertrophy ia tannis arm but also
hypertrophy of that arm’s radius. Similar bone hymphy has been
observed in the dominant humerus of baseball payeralso appears
that the greater the forces or loads habituallyoantered, the more
dramatic the increased mineralisation of the bole.one study
involving collegiate female athletes in basketbaltbleyball, soccer,
track, and swimming, the athletes participatinghigh-impact sports
(basketball and volleyball) were found to have lkigbone mineral
densities and bone formation values than the swimmia another
investigation, the bone mineral densities of trdimenners and cyclists
were compared to those of sedentary individualsthef same age.
Compared to the non-exercisers, the runners weumdfoto have
increased bone density, although this was not farethe cyclists.
Among older women, both yard work and weight tragnhave been
found to be strong predictors for bone densityhyegging, swimming,
and calisthenics being weak predictors. On the shtiie research
evidence suggests that physical activity involvimgpact forces is
necessary for maintaining or increasing bone ma3smpetitive
swimmers, who spend a lot of time in the water whbe buoyant force
counteracts gravity, may have bone mineral desdivieer than those of
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sedentary individuals. Bone Atrophy is a bone hiypehies in response
to increased mechanical stress, it displays theosif® response to
reduced stress. When the normal stresses exertdzbrom by muscle
contractions, weight bearing, or impact forces r@duced, bone tissue
atrophies through remodeling. When bone atrophyis;the amount of
calcium contained in the bone diminishes, and llo¢hweight and the
strength of the bone decrease. Loss of bone masstaueduced
mechanical stress has been found in bedriddennpsiteedentary senior
citizens, and astronauts. Four to six weeks of te=d can result in
significant decrements in bone mineral density thatot fully reversed
after six months of normal weight-bearing activityBone
demineralisation is a potentially serious probl&mm a biomechanical
standpoint, as bone mass diminishes, strength lansl fesistance to
fracture also decrease, particularly in trabecblane. The results of
calcium loss studies conducted during the Skylaghtt indicate that
urinary calcium loss is related to time spent ot tlhe earth’s
gravitational field. The pattern of bone loss oledris highly similar to
that documented among patients during periods ofrest, with greater
bone loss in the weight-bearing bones of the 32syd¢he lumbar spine
and lower extremity than in other parts of the sia. During one
month in space, astronauts lose 1-3% of bone raaspproximately as
much bone mass as postmenopausal women lose @raltys not yet
clear what specific mechanism or mechanisms aponsible for bone
loss outside of the gravitational field. Researchas hconsistently
documented a negative calcium balance in astroremgdsexperimental
animals during space flight, with reduced intedtimdsorption of
calcium and increased excretion of calcium. Itas known, however,
whether this is caused by an increase in bone relmaggl a decrease in
bone remodeling, or an imbalance between osteoblagtosteoclast
activity. It appears that the normal balance betw&smation and
desorption of bone becomes disturbed, with an ainiincrease in
osteoclast activity followed by a prolonged deceecas osteoblast
activity. One hypothesis is that these changesomelremodeling are
precipitated by changes in bone blood flow relatedeing outside of
the gravitational field. More research on this tofs clearly needed. It
remains to be seen if measures other than thdcaiticreation of
gravity can effectively prevent bone loss duringasp travel.
Astronauts’ current exercise programs during feghh space are
designed to prevent bone loss by increasing thehamcal stress and
strain placed Loss of bone mass during periodevod spent outside of
the earth’s gravitational field is a problem fotrasauts.

Some bones using muscular force. However, the resisai the body
exert mainly tensile forces on bone, whereas grapitovides a
compressive force. Therefore, it may be that no warmhof physical
exercise alone can completely compensate for theerae of
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gravitational force. Recent research shows thaistres exercise
combined with whole- body vibration may be an difex

countermeasure for preventing muscle atrophy ante Hoss during
space flight. Researchers hypothesize that low-&mdeg; high-

frequency vibration stimulates muscle spindles @ptia Moto neurons,
which initiate muscle contraction. The effects averal months’

intervention treatment with whole-body vibration pagr to include
improved bone mineral density resulting from insexhbone deposition
coupled with decreased bone re-sorption, with bieresity particularly
improved in the femur and tibia. Since joints supgbe body weight
positioned above them, the magnitude of skeletadlify varies from
joint to joint during both resistance exercise aimtation.

OSTEOPOROSIS Bone atrophy is a problem not onlyastronauts and
bedridden patients but also for a growing numbeserfior citizens and
female athletes. Osteoporosis is found in mostriidedividuals, with
earlier onset in women, and is becoming increagipgtvalent with the
in-creasing mean age of the population. The canditbegins as
osteopenia, reduced bone mass without the preseEnadracture, but
often progresses to osteoporosis, a condition ifnclwkone mineral
mass and strength are so severely compromisedidiigtactivities can
cause bone pain and fracturing.

COMMON BONE INJURIES

Because of the important mechanical functions peréal by bone, bone
health is an important part of general health. Bévealth can be
impaired by injuries and pathologies. A fractureaislisruption in the
continuity of a bone. The nature of a fracture aejseon the direction,
magnitude, loading rate, and duration of the meidaditoad sustained,
as well as the health and maturity of Estrogen &estosterone
deficiencies promote the development of osteopsrosi

Fractures are classified as simple when the bode eemain within the
surrounding soft tissues and compound when oneotit bone ends
protrude from the skin. When the loading rate pdaa fracture is more
likely to be comminuted, containing multiple fragmi® Avulsions are
fractures caused by tensile loading in which adenol ligament pulls a
small chip of bone away from the rest of the bdeeplosive throwing
and jumping movements may result in avulsion freegwf the medial
epicondyle of the humerus and the calcaneus. Exeebending and
torsional loads can produce spiral fractures of lithreg bones. The
simultaneous application of forces from oppositeections at different
points along a structure such as a long bone gesseaatorque known as
a bending moment, which can cause bending and atkim fracture of
the bone. A bending moment is created on a foofilajler’'s leg when
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the foot is anchored to the ground and tacklerdyafopces at different
points on the leg in opposite directions. When lrepds present, the
structure is loaded in tension on one side andompression on the
opposite side. Be-cause bone is stronger in negisttmpression than in
resisting tension, the side of the bone loadedemrsion will fracture
first. Torque applied about the long axis of a ctnee such as a long
bone causes torsion, or twisting of the structli@sion creates shear
stress throughout the structure, when a skier'ylvothtes with respect
to one boot and ski during a fall, torsional loams cause a spiral
fracture of the tibia. In such cases, a combinedilty pat-tern of shear
and tension produces failure at an oblique orieriab the longitudinal
axis of the bone. Since bone is stronger in regjstompression than in
resisting tension and shear, acute compressiotufescof bone (in the
absence of osteoporosis) are rare. However, uraiebioed loading, a
fracture. According to Shier, Butler, and Lewis 969 said a greenstick
fracture is incomplete, and the break occurs orctinvex surface of the
bend in the bone. A fissured fracture involves arcomplete
longitudinal break. A comminuted fracture is contpland fragments
the bone. A transverse fracture is complete, aedbtieak occurs at a
right angle to the axis of the bone. An obliquetuae occurs at an angle
other than a right angle to the axis of the bonespial fracture is
caused by twisting a bone excessively. Under ekeedending loads,
bone tends to fracture on the side loaded in tensio

THE BIOMECHANICS OF HUMAN BONE GROWTH AND
DEVELOPMENT

Resulting from a torsional load may also be impadte the presence of
a compressive load. An impacted fracture is onwhich the opposite
sides of the fracture are compressed together.tufesc that result in
depression of bone fragments into the underlyisgues are termed
depressed. Since the bones of children contaitivelyalarger amounts
of collagen than do adult bones, they are moreildlexand more

resistant to fracture under day-to-day loading tlee adult bones.
Consequently, greenstick fractures, or incompledetfires, are more
common in children than in adults. A greenstickctuae is an

incomplete fracture caused by bending or torsiolwads. Stress
fractures, also known as fatigue fractures, realn low- magnitude

forces sustained on a repeated basis. Any incrieatee magnitude or
frequency of bone loading produces a stress regatibich may involve

micro damage. Bone responds to micro damage bydeling: First,

osteoclasts resorb the damaged tissue; then, tetepldeposit new
bone at the site. When there is not time for thgaireprocess to
complete itself before additional micro damage ogcthe condition can
progress to a stress fracture. Stress fractures bsga small disruption
in the continuity of the outer layers of corticarn but can worsen over
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time, eventually resulting in complete corticalcitare. In runners, a
group particularly prone to stress fractures, ab®%b of fractures occur
in the tibia and approximately 20% of fractures sreéhe metatarsals,
with fractures of the femoral neck and pubis aksported. Increases in
training duration or intensity that do not allowoeigh time for bone
remodeling to occur are the primary culprits. OtHactors that
predispose runners to stress fractures include whrsdatigue and
abrupt changes in either the running surface oruahring direction.
Epiphyseal Injuries About 10% of acute skeletaliigs in children and
adolescents involve the epiphysis. Epiphyseal ieguinclude injuries to
the cartilaginous impacted pressed together by rapoessive load.
Stress fracture resulting from repeated loading relatively low
magnitude stress reaction progressive bone pathasgociated with
repeated loading

Basic Biome chanic

Epiphyseal plate, the articular cartilage, and #ygophasis. The
apophyses are the sites of tendon attachments® bdnere bone shape
is influenced by the tensile loads to which thesessare subjected. The
epiphyses of long bones are termed pressure egphgnd the
apophyses are called traction epiphyses, aftetyfiess of physiological
loading present. Both acute and repetitive loadiawg injure the growth
plate, potentially resulting in premature closure the epiphyseal
junction and termination of bone growth. Anothernfioof epiphyseal
injury, osteochondrosis, involves disruption of ddo supply to an
epiphysis, with associated tissue necrosis andnpatedeformation of
the epiphysis. The cause of the condition is poaulyderstood.
Osteochondrosis occurs most commonly between thse af3 and 10
and is more prevalent among boys than girls. Obmudrosis of an
apophysis, known as apophysitis, is often assatiatgh traumatic
avulsions. Common sites for apophysitis are thearedus and the tibial
tubercle at the site of the patellar tendon attattinwhere the disorder
is referred to respectively as Sever's disease @agood-Schlatter’s
disease.

SELF-ASSESSMENT EXERCISE

I. Describe different types of bones you know.
il. Describe two common bone injuries.
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4.0

5.0

CONCLUSION

Bone’s material composition and structural orgamsahave an
effect on how it reacts to mechanical loading. Bsne
composition and construction provide a substaneg ith both
solid and light in weight.

The bone composition is calcium carbonate; calcpimsphate,
collagen, and water are the primary component®oéb

Calcium carbonate and calcium phosphate make uptaf@
70% of dry bone weight. These minerals are the main
determinants of bone’s compressive strength affdess.

Bone tissue contains a large amount of water, whaottributes
to bone strength.

Bone is a mineralised connective tissue that etsiour types of
cells: Osteoblasts, Bonelininingcells, Osteocyaesl Osteoclasts.
Bone exerts important functions in the body, sushoaomotion,
support and protection of soft tissues, calcium ghdsphate
storage, and harboring of bone marrow.

The 206 bones of the human body have unique stesctand
shapes that enable them to perform specific funstidhe central
or axis skeleton and the peripheral or appendicsitateton are
the two parts of the skeletal system.

Bone growth begins early in fetal development, landg bone is
continually changing in composition and structuweing the life
span. Many of these changes represent normal gramth
maturation of bone.

Bone responds dynamically to the presence or absaic
different forces with changes in size, shape, asiy.

Bone health is an important part of general hedltne can be
impaired by injuries and pathologies. A fractura idisruption in
the continuity of a bone.

SUMMARY

Bone is an important and dynamic living tissuentischanical functions
are to support and protect other body tissues aratt as a system of
rigid levers that can be manipulated by the attdcimeiscles. Bone’s
strength and resistance to fracture depend on a®nmal composition
and organisational structure. Minerals contribwteatbone’s hardness
and compressive strength, and collagen providedletsbility and

tensile strength. Cortical bone is stiffer and styer than trabecular
bone, whereas trabecular bone has greater shookbkaig capabilities.

Bone is an extremely dynamic tissue that is comlgubeing modeled
and remodeled in accordance with Wolff's law. Altigh bones grow in
length only until the epiphyseal plates close atlestence, bones
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continually change in density, and to some extansize and shape,
through the actions of osteoblasts and osteocla3steoporosis, a
disorder characterized by excessive loss of boneeral mass and
strength, is extremely prevalent among the eldétlgffects women at
an earlier age and more severely than men. Itde plesent in an
alarming frequency among young, eating-disorderathenorrheic
female athletes. Although the cause of osteopomesigins unknown,
the condition can often be improved through hormaherapy,

avoidance of negative lifestyle factors, and a l@gexercise program.

6.0 TUTOR-MARKED ASSIGNMENT
1) List and explain five mechanical functions of a eon
2) List and explain five factors that can predisposarmer to stress

fractures.
3) Describe how bones response to stress.

7.0 REFERENCES/FURTHER READING

www.Visiblebody.com/url?sa

Peter McGinnis (2013): Biomechanics of Sport andrEise.3' edition.
Publisher; Thomas-shore,Inc.web site:
www.Humankinetics.com/BiomechanicsOfSportAndExexcis
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MODULE 3
INTRODUCTION

Movement is the temporary or permanent displaceraeatbody or its
parts from its original position. Living beings apdrts thereof move in
response to stimulus from outside or from withia body. Locomotion,
on the other hand, is the displacement of theebtady from one place
to another. It is a characteristic feature of alin@als, Protoctista and
zoospores and zoogametes of lower plants.

UNIT 1 PRINCIPLESAND TYPESOF MOVEMENT
CONTENTS

1.0  Introduction

2.0 Intended Learning Outcomes
3.0 Main Content

4.0 Conclusion

5.0 Summary

6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION
Principles and Types of M ovement

Movement is one of the significant features ofryibeings. Animals
and plants exhibit a wide range of movements. 8tieg of protoplasm
in the unicellular organisms like Amoeba is a sienform of movement.
Movement of cilia, flagella and tentacles are shdymany organisms.
Human beings can move limbs, jaws, eyelids, tongte, Some of the
movements result in a change of place or locatemch voluntary
movements are calledldcomotion. Walking, running, climbing, flying,
swimming are all some forms of locomotors movemehts&omotors
structures need not be different from those affigctother types of
movements. For example, in Paramecium, cilia higlpthe movement
of food through cytopharynx and in locomotion adlwedydra can use
its tentacles for capturing its prey and also hsent for locomotion. We
use limbs for changes in body postures and locamodis well. The
above observations suggest that movements and timmcannot be
studied separately. The two may be linked by ggatithat all

locomotion’s are movements but all movements atdamomotion’s.
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2.0 INTENDED LEARNING OUTCOMES (ILOS)

By the end of this unit, you will be able to:

. analyse enthusiastically about movement patterspant

o state the fundamentals of defining joint movemeamtztomically

. discuss the differences — and the similarities -twben
qualitative and quantitative analysis of sports eroents

. describe, from video observation or pictorial setss, some

simple sport and exercise movements, such as vgalkimning,
jumping and throwing.

3.0 MAINCONTENT
3.1 Typesof Movement

Movement types are generally paired, with one diyeapposing the
other. Body movements are always described in ioalato the
anatomical position of the body: upright stancehwipper limbs to the
side of body and palms facing forward.

Flexion and Extension

Flexion andextension are movements that take place within the sagittal
plane and involve anterior or posterior movemenmthe body or limbs.
For the vertebral column, flexion (anterior flex)oms an anterior
(forward) bending of the neck or body, while exiensinvolves a
posterior-directed motion, such as straightenimgnfra flexed position
or bending backward.ateral flexion is the bending of the neck or body
toward the right or left side. These movementshef tertebral column
involve both the symphysis joint formed by eacleiaértebral disc, as
well as the plane type of synovial joint formed vbe¢n the inferior
articular processes of one vertebra and the supaticular processes of
the next lower vertebra.

In the limbs, flexion decreases the angle betwherbbnes (bending of
the joint), while extension increases the angle singightens the joint.
For the upper limb, all anterior motions are flexiand all posterior
motions are extension. These include anterior-postenovements of
the arm at the shoulder, the forearm at the eltbevhand at the wrist,
and the fingers at the metacarpophalangeal andoldangeal joints.
For the thumb, extension moves the thumb away fieenpalm of the
hand, within the same plane as the palm, whiladiebrings the thumb
back against the index finger or into the palm.sEnmotions take place
at the first carpometacarpal joint. In the lowenbi, bringing the thigh
forward and upward is flexion at the hip joint, Yehany posterior-going
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motion of the thigh is extension. Note that extensf the thigh beyond
the anatomical (standing) position is greatly leditby the ligaments
that support the hip joint. Knee flexion is the Oy of the knee to
bring the foot toward the posterior thigh, and asten is the
straightening of the knee. Flexion and extensioiwventents are seen at
the hinge, condyloid, saddle, and ball-and-soatiet$ of the limbs

Hyperextension is the abnormal or excessive extension of a joint
beyond its normal range of motion, thus resultingnjury. Similarly,
hyperflexion is excessive flexion at a joint. Hyperextensiopuries are
common at hinge joints such as the knee or elbow.cdses of
“whiplash” in which the head is suddenly moved heatd and then
forward, a patient may experience both hyperextenand hyperflexion

of the cervical region.

Abduction and Adduction

Abduction andadduction motions occur within the coronal plane and
involve medial-lateral motions of the limbs, fingertoes, or thumb.
Abduction moves the limb laterally away from thediime of the body,
while adduction is the opposing movement that lwitige limb toward
the body or across the midline. For example, aboluas raising the
arm at the shoulder joint, moving it laterally awfaym the body, while
adduction brings the arm down to the side of theybdimilarly,
abduction and adduction at the wrist moves the handy from or
toward the midline of the body. Spreading the fnsger toes apart is
also abduction, while bringing the fingers or toegether is adduction.
For the thumb, abduction is the anterior movemeat brings the thumb
to a 90° perpendicular position, pointing straighit from the palm.
Adduction moves the thumb back to the anatomicaltjpm, next to the
index finger. Abduction and adduction movements &@een at
condyloid, saddle, and ball-and-socket joints

Circumduction

Circumduction is the movement of a body region in a circular nean

in which one end of the body region being movedyssteelatively

stationary while the other end describes a cirdleinvolves the

sequential combination of flexion, adduction, esien, and abduction
at a joint. This type of motion is found at biax@ndyloid and saddle
joints, and at multiaxial ball-and-sockets joints
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Rotation

Rotation can occur within the vertebral column, at a pijatt, or at a
ball-and-socket joint. Rotation of the neck or bodythe twisting
movement produced by the summation of the smalktimial
movements available between adjacent vertebraa. givot joint, one
bone rotates in relation to another bone. Thisusiaxial joint, and thus
rotation is the only motion allowed at a pivot jpiror example, at the
atlantoaxial joint, the first cervical (C1) vertabfatlas) rotates around
the dens, the upward projection from the secondicadr(C2) vertebra
(axis). This allows the head to rotate from sidesitte as when shaking
the head “no.” The proximal radioulnar joint is @qi joint formed by
the head of the radius and its articulation with tina. This joint allows
for the radius to rotate along its length duringrmation and supination
movements of the forearm.

Rotation can also occur at the ball-and-socketgoai the shoulder and
hip. Here, the humerus and femur rotate around tbeg axis, which
moves the anterior surface of the arm or thigheeitioward or away
from the midline of the body. Movement that brirtye anterior surface
of the limb toward the midline of the body is cdllmedial (internal)
rotation. Conversely, rotation of the limb so that the @ntesurface
moves away from the midline liateral (external) rotation

Supination and Pronation

Supination and pronation are movements of the forean the
anatomical position, the upper limb is held nextthe body with the
palm facing forward. This is thaupinated position of the forearm. In
this position, the radius and ulna are parallekéch other. When the
palm of the hand faces backward, the forearm ighim pronated
position, and the radius and ulna form an X-shape.

Supination and pronation are the movements of tdreafm that go
between these two positionBronation is the motion that moves the
forearm from the supinated (anatomical) positionthte pronated (palm
backward) position. This motion is produced by tiotaof the radius at
the proximal radioulnar joint, accompanied by moeeimof the radius
at the distal radioulnar joint. The proximal radiar joint is a pivot
joint that allows for rotation of the head of thedius. Because of the
slight curvature of the shaft of the radius, tlugation causes the distal
end of the radius to cross over the distal ulnghatdistal radioulnar
joint. This crossing over brings the radius andauinto an X-shape
position. Supination is the opposite motion, in which rotation of the
radius returns the bones to their parallel poss#tiand moves the palm to
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the anterior facing (supinated) position. It helws remember that
supination is the motion you use when scoopingowgp svith a spoon
Dorsiflexion and Plantar Flexion

Dorsflexion and plantar flexion are movements at the ankle joint,
which is a hinge joint. Lifting the front of thedg so that the top of the
foot moves toward the anterior leg is dorsiflexiarile lifting the heel
of the foot from the ground or pointing the toesvdward is plantar
flexion. These are the only movements availablbetnkle joint

Inversion and Eversion

Inversion and eversion are complex movements thatve the multiple
plane joints among the tarsal bones of the postddot (intertarsal
joints) and thus are not motions that take placehat ankle joint.
Inversion is the turning of the foot to angle the bottomtbé foot
toward the midline, whileeversion turns the bottom of the foot away
from the midline. The foot has a greater rangengéision than eversion
motion. These are important motions that help abize the foot when
walking or running on an uneven surface and aithenquick side-to-
side changes in direction used during active spauth as basketball,
racquetball, or soccer

Protraction and Retraction

Protraction and retraction are anterior-posterior movements of the
scapula or mandible. Protraction of the scapulaucovhen the
shoulder is moved forward, as when pushing agasostething or
throwing a ball. Retraction is the opposite motiovith the scapula
being pulled posteriorly and medially, toward thextebral column. For
the mandible, protraction occurs when the lower igwushed forward,
to stick out the chin, while retraction pulls tlosvier jaw backward.

Depression and Elevation

Depression andelevation are downward and upward movements of the
scapula or mandible. The upward movement of thpwdasand shoulder

is elevation, while a downward movement is depogssiThese
movements are used to shrug your shoulders. Sipiklevation of the
mandible is the upward movement of the lower jawdu® close the
mouth or bite on something, and depression is tivendvard movement
that produces opening of the mouth

Excursion

Excursion is the side to side movement of the nidadiLateral
excursion moves the mandible away from the midline, towatles the
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right or left side.Medial excursion returns the mandible to its resting
position at the midline.

Superior Rotation and Inferior Rotation

Superior and inferior rotation are movements of ficapula and are
defined by the direction of movement of the glencavity. These
motions involve rotation of the scapula around @njpferior to the
scapular spine and are produced by combinatiomsusitles acting on
the scapula. Duringuperior rotation, the glenoid cavity moves upward
as the medial end of the scapular spine moves dawhwhis is a very
important motion that contributes to upper limb atttbn. Without
superior rotation of the scapula, the greater wlbeof the humerus
would hit the acromion of the scapula, thus premgnany abduction of
the arm above shoulder height. Superior rotatiothefscapula is thus
required for full abduction of the upper limb. Supe rotation is also
used without arm abduction when carrying a heaad lwvith your hand
or on your shoulder. You can feel this rotation wiyeu pick up a load,
such as a heavy book bag and carry it on only boalder. To increase
its weight-bearing support for the bag, the shauldes as the scapula
superiorly rotateslnferior rotation occurs during limb adduction and
involves the downward motion of the glenoid cavityth upward
movement of the medial end of the scapular spine.

Opposition and Reposition

Opposition is the thumb movement that brings the tip of tmantb in
contact with the tip of a finger. This movemenpr®duced at the first
carpometacarpal joint, which is a saddle joint fednbetween the
trapezium carpal bone and the first metacarpal bdhemb opposition
is produced by a combination of flexion and abducdf the thumb at
this joint. Returning the thumb to its anatomicalspion next to the
index finger is calledeposition.

3.2 Defining Human Movements

Various terms are used to describe the three mutparpendicular
intersecting planes in which many, although not jalint movements
occur. The common point of intersection of thesedhplanes is most
conveniently defined as either the centre of that joeing studied or the
centre of mass of the whole human body. In thedatase, the planes
are known as cardinal planes — the sagittal, ftarted horizontal planes
— as depicted and described below. Movements atjoims of the
human musculoskeletal system are mainly rotaticaral take place
about a line perpendicular to the plane in whiakytbccur. This line is
known as an axis of rotation. Three axes — thettafgirontal and
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vertical (longitudinal) — can be defined by theensection of pairs of the
planes of movement, as in. The main movements ahese three axes
for a particular joint are flexion and extensioroabthe frontal axis,

abduction and adduction about the sagittal axid, medial and lateral
(internal and external) rotation about the vert{tahgitudinal) axes.

The sagittal plane is a vertical plane passing ftbenrear (posterior) to
the front (anterior), dividing the body into lefbéright halves, as in. It
is also known as the anteroposterior plane. Mosttspnd exercise
movements that are almost two-dimensional, suctumsing and long
jumping, take place in this plane The frontal plamelso vertical and
passes from left to right, dividing the body intosperior and anterior
halves, as in. It is also known as the coronahemhediolateral plane.

. The horizontal plane divides the body into topprior) and
bottom (inferior) halves. It is also known as thensverse plane.

. The sagittal axis passes horizontally from pasteto anterior
and is formed by the intersection of the sagittadl &orizontal
planes.

. The frontal axis passes horizontally from left ight and is
formed by the intersection of the frontal and honital planes.

. The vertical or longitudinal axis passes verticdlom inferior to

superior and informed by the intersection of thegitsal and
frontal planes. The movements of body segmentsuatally
defined from the fundamental oranatomical referepastures —
or positions — demonstrated by the athlete in. Nbi the
fundamental position is similar to a ‘stand to atien’, as is the
anatomical position, except that the palms facevdods in the
latte, By and large, this chapter focuses on mowésnen the
sagittal plane about the frontal (or mediolategadis of rotation.
Consider viewing a personside on, he bends hisnelioad then
straightens it. We call these movements’ flexion @axtension,
respectively, and they take place in the sagitt@he around the
frontal axis of rotation.

Flexion is generally a bending movement, with tloelypsegment — in
the case of the elbow, the forearm — moving forsalhen the knee
flexes, the calf moves backwards. The movementiseaainkle joint are
called plantar flexion when the foot moves downvsa@wvards the rear
of the calf, and dorsiflexion when the foot movesvards towards the
front of the calf. The movement of the whole arnowtbthe shoulder
joint from the anatomical reference position islezlflexion, and its
return to that position is called extension; thatcwation of extension
beyond the anatomical reference position is cdtigoerextension. The
same terminology is used to define movements ins#dwgttal plane for
the thigh about the hip joint. These arm and thighvements are
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usually defined with respect to the trunk. Sportsiechanics normally
use the convention that the fully extended positddnmost joints is
180°; when most joints flex, this angle decreas€snical bio-
mechanists tend to use an alternative conventiorwhich a fully
extended joint is 0°, so that flexion increasesjti angle. We will use
the former convention throughout Movements in tloatial plane about
a sagittal axis are usually called abduction awaynfthe body and
adduction back towards the body, as in For sometgpisuch as the
elbow and knee, these movements are not possiblear® very
restricted. Movements in the horizontal plane alowertical axis are
usually called medial (or internal) and lateral étternal) rotation for
the limbs, and rotation to the right or to the I&dt the trunk. The
movements of the whole arm forwards from a 90°abstliposition are
horizontal flexion in a forward’s direction and fmmmtal extension in a
backwards direction.

3.3 Some Fundamental Movements

These people include the young and the old, malefamale, who are
shown walking, running, jumping and throwing in fears conditions.
These include: locomotion on a level and inclinesadmill Andover
ground; vertical and broad jumping; underarm, gicle@and overarm
throwing; indifferent footwear and clothing; andthviand without skin
markers to identify centres of rotation of joinwhen analysing any
human movement, ask yourself, ‘What is the “comsts& on this
movement?’ The constraints can be related to thmtspask, the
environment or the organism. This ‘constraints-laplproach serves as a
very strong basis from which to develop an undaditey of why we
observe particular movement patterns. In the videamples and the
sequences in the figures below, an environmentastcaint might be
‘over ground’ or ‘treadmill’ (although this mighis® be seen as a task
constraint). Jumping vertically to achieve maximbeight is clearly a
task constraint. Organismic constraints are, bHgjchiomechanical;
they relate to a given individual's body charadties, which affect their
movement responses to the task and environ-meotatr@ints. These
biomechanical constraints will be affected, amorapynother things, by
genetic make-up, age, biological sex, fithess,rnjecord and stage of
rehabilitation, and pathological conditions. Not rsisingly, the
movement patterns observed when one individualopad a specific
sports task will rarely be identical to those obtner person; indeed, the
movement patterns from repetitions of that taskH®ysame individual
will also vary — this becomes more obvious when gquantitatively
analyze those movements, but can be seen qualtativmany patterns
of movement. These variable responses, often knasinmovement
variability, can and do affect the way that movemanalysts look at
sports movements. The qualitative descriptionsénfollowing sections
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will not, therefore, apply to every adult, but walbply to many so-called
‘normal’. The developmental patterns of maturingldren up to a
certain age show notable differences from thoseafoadult, as in. A
first step in the analysis of a complex motor gkilbften to establish the
phases into which the movement can be divided foalyais. For
example, the division of a throwing movement inéparate, but linked,
phases is useful because of the sheer complexityariy throwing
techniques. The phases of the movement shouldleetes so that they
have a biomechanically distinct role in the overaivement, which is
different from that of preceding and succeedingspsaEach phase then
has a clearly defined biomechanical function argllg&entified phase
boundaries, often called key events. Although plasaysis can help
the understanding of movement patterns, the esdefietture of all
sports movements is their wholeness; this shoulhyd be borne in
mind when undertaking any phase analysis of a menépattern.

Walking

Walking is a cyclic activity in which one stridellfmnvs another in a
continuous pattern. We define a walking stride @iadpfrom touchdown
of one foot to the next touchdown of the same footfrom toe-off to
toe-off. In walking, there is a single-support plhashen one foot is on
the ground, and a double-support phase, when b@th Tde single-
support phase starts with toe-off of one foot and tlouble-support
phase start with touchdown of the same foot. Thratthn of the single-
support phase is about four times that of the dosshbpport phase.
Alternatively, we can consider each leg separateich leg then has a
stance and support phase, with similar functionth¢se in running. In
normal walking at a person’s preferred speed, taece phase for one
leg occupies about 60% of the whole cycle and théng phase
around40% in normal walking, the average duratiohsstance and
swing will be very similar for the left and righidss. In pathological
gait, there may be a pronounced difference betwbentwo sides,
leading to arrhythmic gait patterns. These illustrdifferences between
males and females, between young and older adukts@ung children,
between over ground and treadmill locomotion anditirent speeds
and treadmill inclines, and with various types adtivear.

3.4 Movement Patterns

Most of you (readers of this book) will be undedyrate students in the
earlier stages of your career. You will be familiaith human
movement patterns from sport — when viewed livea®ra performer,
coach or spectator — whether these are movemeetmpaDf individuals
or of teams as a whole. An example for an individsggort can be
presented as a sequence of still video frames) asost packages for
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qualitative video analysis make it easy to obseawg, to compare, such
movement patterns. Video recordings, still videqussnces, and player
tracking patterns in games are probably the mosmpbex
representations of sports movements that you witle across. It is only
your familiarity with sports videos that enablesuyio understand such
patterns — watch a video of a game or sportingigtior which you do
not know the rules (environmental and task consisgi and the
complexity of video representations of movementtqugas becomes
obvious. This is true not only for the movementshef segments of the
body of one performer, which sports biomechaniasegaly focus on,
but also for the movement patterns of the playsra &eam. Sequences
of still video frames are rarely used in analysplgyer movements and
interactions in team games, such as rugby, netall soccer, or in
individual vs. individual games, such as squashtate tennis. To
understand why, imagine tracking (using the Gldhaditioning System,
for example), just a single point on each playeone extended squash
rally or, worse still, for each player in a soctesm for just 10 minutes
of play. The resulting movement patterns would beteasy to analyse
at first sight. Such movement patterns in games ot be considered
further in this book — sports biomechanics, to daeve rarely been
involved in analysing such movement patterns. Toregate why | say
that video recordings are complex, did you finéasy to follow all the
flexion and extension descriptions for walking anghning in the
previous section? Could you easily perceive witkm-and between-leg
coordination patterns in walking, or arm and legrdanation patterns in
running, using the sequences above or videos frmnbook’s website?
If your answers to these questions are a resourldlia§’, then you are
already a talented qualitative movement analysmyaf us struggle at
times to extract what we want from video or frontested video picture
sequences; for one thing they contain so much nmdtion that is
irrelevant to the patterns the movement analysheggo observe.

3.5 Comparison of Qualitative and Quantitative Movement
Analysis

Biomechanics provides information for a variety &mesiology
professions to analyse human movement to improfectefeness or
decrease the risk of injury. How the movement ialgsed falls on a
continuum between a qualitative analysis and a tijasiie analysis.
Quantitative analysis involves the measurement wmbchanical
variables and usually requires a computer to do ‘bkiminous
numerical calculations performed. Even short movasewill have
thousands of samples of data to be collected, dcaled numerically
processed. In contrast, qualitative analysis hasn beefined as the
"systematic observation and introspective judgma&nthe quality of
human movement for the purpose of providing the tnapgropriate
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intervention to improve performance” (Knudson & Mson, 2002).
Analysis in both quantitative and qualitative cot$e means
identification of the factors that affect human rament performance,
which is then interpreted using other higher levels thinking

(synthesis, evaluation) in applying the informationthe movement of
interest. Solving problems in human movement ingslhigh levels of
critical thinking and an interdisciplinary approadgtitegrating the many
kinesiology sciences.

The advantages of numerical measurements of qatweitover those of
gualitative analysis are greater accuracy, comsigieand precision.
Most quantitative biomechanical analysis is perfedmin research
settings; however, more and more devices are couniatlgravailable
that inexpensively measure some biomechanical Masa(e.g., radar,
timing lights, timing mats, quantitative videogramystems).

3.6 Key Mechanical Concepts
M echanics

Before delving into how humans move, there are regv@echanical
terms and concepts that must be clarified. Meclsaisidhe branch of
physics that studies the motion of objects andféhees that cause that
motion. The science of mechanics is divided intmynareas, but the
three main areas most relevant to biomechanics agid-body,
deformable-body, and fluids.

In rigid-body mechanics, the object being analysedssumed to be
rigid and the deformations in its shape so smadlytban be ignored.
While this almost never happens in any materiak #ssumption is
quite reasonable for most biomechanical studieth®fmajor segments
of the body. The rigid-body assumption in studiases considerable
mathematical and modelling work without great lofaccuracy. Some
biomechanists, however, use deformable-body meckaaistudy how
biological materials respond to external forces #va applied to them.
Deformable-body mechanics studies how forces ateildited within a
material, and can be focused at many levels (elid tissues/organs/
system) to examine how forces stimulate growthamse damage. Fluid
mechanics is concerned with the forces in fluiggu{tls and gasses). A
biomechanist would use fluid mechanics to study rthealves,
swimming, or adapting sports equipment to mininaiseesistance.

Application

Even though qualitative and quantitative analyses ot mutually
exclusive, assume that qualitative versus-quaivigabiomechanical
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analysis is an either/or proposition in the follogiexercise. For the
sports medicine and athletics career areas, diseiissother students
what kind of analysis is most appropriate for thestions listed. Come
to a consensus and be prepared to give your rea@mss, time,
accuracy, need, etc.) for believing that one apgromight be better
than another.

The Major Branches of Mechanics Used in Most Biomechanical
Studies

Most sports biomechanics studies are based onbmiy models of the
skeletal system. Rigid-body mechanics is dividedb istatics and
dynamics. Statics is the study of objects at resh aniform (constant)
motion. Dynamics is the study of objects being &eded by the
actions of forces. Most importantly, dynamics is/ided into two
branches: kinematics and kinetics. Kinematics igianodescription. In
kinematics the motions of objects are usually mesbin linear (meters,
feet, etc.) or angular (radians, degrees, etcthgerExamples of the
kinematics of running could be the speed of théetghthe length of the
stride, or the angular velocity of hip extensiomg¥langular mechanical
variables have the adjective "angular" before thedmetics is
concerned with determining the causes of motioranipdes of kinetic
variables in running are the forces between the ded the ground or
the forces of air resistance. Understanding thasees gives the track
coach knowledge of the causes of running performariinetic
information is often more powerful in improving hammotion because
the causes of poor performance have been identified example,
knowing that the timing and size of hip extensaticacis weak in the
take-off phase for a long jumper may be more useéfulmproving
performance than knowing that the jump was shaintn expected.

Biomechanics often uses some of the most compledsk of
mathematical calculations, especially in deformdiddy mechanics.
Fortunately, most of the concepts and laws in tlakgNewtonian)
rigid-body mechanics can be understood in qualistierms. Scalars are
variables that can be completely represented bynaber and the units
of measurement. The number and units of measurefh@rikg, 100 m)
must be reported to completely identify a scalaamity. It makes no
sense for a track athlete to call home and sayy 'tHem, | did 16 and
0"; they need to say, "I made 16 feet with 0 fdul$ e number given a
scalar quantity represents the magnitude or sizbatfvariable. Vectors
are more complicated quantities, where size, uaitd,direction must be
specified.

Biomechanics commonly uses directions at right &gl
(horizontal/vertical, longitudinal/transverse) toatmematically handle
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vectors. Calculations of velocity vectors in a tdiozensional (2D)
analysis of a long jump are usually done in oneedalion (e.g.,
horizontal) and then the other (vertical). The diens chosen depend
on the needs of the analysis. When adding scaldihsthe same units,
one plus one is always equal to two. Another imgarpoint related to
vectors is that the sign (+ or -) corresponds tedtions. A -10 Ib force
is not less than a +10 Ib force; they are the samme but in opposite
directions. The addition of vectors to determineirtmet effect is called
the resultant and requires right-angle trigonometry

There are two important vector quantities at that @f kinetics: force

and torque. A force is a straight-line push or pudually expressed in
pounds (Ibs) or Newtons (N). The symbol for forsd=i Remember that
this push or pull is an interactional effect betweavo bodies.

Sometimes this "push” appears obvious as in ah#ihg a bat, while

other times the objects are quite distant as viagh"pull” of magnetic or

gravitational forces. Forces are vectors, and vsctan be physically
represented or drawn as arrows. The important cterstics of vectors
(size and direction) are directly apparent on iharé. The length of the
arrow represents the size or magnitude (500 N @ Ib$) and the

orientation in space represents its direction (1&grees above
horizontal).

The corresponding angular variable to force is anert of force or
torque. A moment is the rotating effect of a foacel will be symbolised
by an M for moment of force or T for torque. Thisax will use the
term "torque" synonymously with "moment of forc&His is a common
English meaning for torque, although there is a enapecific
mechanics-of-materials meaning (a torsion or twgtmoment) that
leads some scientists to prefer the term "momefdro€.” When a force
is applied to an object that is not on line witk ttentre of the object, the
force will create a torque that tends to rotatedabject.
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Fluid Mechanics

Rigid - Body Mechanics

< R

Kinematics Kinetics

| 2

https://www.barnardhealth.us/qualitative-analysistfamentals-of-
biomechanics-and-qualitative-analysis.html

M ethods of Movement Analysis

A number of methods are used in analysing movemEmé. method

selected depends on the knowledge and experienttes afbserver and
the context in which the analysis is being perfaméhe three main
methods of analysing the biomechanics of sport mmrdgs are
movement phases, free body diagrams and determinmsbdels.

Movement phases and free body diagrams are mayadndly used by
coaches and sports scientists, whereas determimstiels are used in
more complex movement analysis and therefore méien on sports

research.

M ovement Phases

A sport movement, especially for ballistic actiossch as hitting,
throwing and kicking, generally contain three mplrases:

Preparation
Execution

Follow-through
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The preparation phase contains all of the movemtas prepare an
athlete for the performance of the skill, such les backswing during
cricket batting and the run-up in long jumping. Tdseecution phase is
the performance of the actual movement that oftetudes a point of
contact with an object (e.g., contact of the bakdimt and ball), the
release of an object (e.g., discus) or a flightsehée.g., long jump).
Finally, the follow-through refers to all of the nements that occur
after the execution phase (e.g., leg lift aftekkig a football) that slow
the body's momentum to prevent injury, to get reddy another
movement or both. These three main phases are fftdrer broken
into sub phases or key elements.

Overarm throwing such as baseball pitching hasetlstb phases for the
preparation phase: the wind-up, the stride and @oking. Similarly, a
standing shot in netball has three preparation hdses: stabilisation
and preparation, aiming and loading. Other more plmated sport
actions such as gymnastics vaulting can also bkebrinto movement
phases, sub phases and points of interest.

Gymnastics vaulting contains seven general phd&g¢she run-up; (2)
the transition, which typically includes a hurdieps but may be also
preceded by a round-off; (3) the board contact @héd) the pre-flight
phase; (5) the table (horse) contact phase; (6pdisé flight phase; and
(7) the landing. The board contact phase can bkebrinto two sub
phases, the downward compression (loading andggargenergy in the
springs) of the board and the upward reaction (rexiothe springs
imparting energy back to the gymnast). A pointrgérest, for example,
is the gymnast's take-off angle from the board #rel table contact
angle at the end of the pre-flight phase.

Free Body Diagrams

A free body diagram is a visual diagram of the etpe or predicted
movement pattern; it is usually drawn as a simfik sigure. Coaches
and researchers often use the technique to destisbé phase or point
of interest in a movement pattern. Coaches mayfresebody diagrams
to communicate to athletes or to illustrate to otb@aches what they
believe is good technique.

In research, a free body diagram defines the extettie analysis and
identifies the significant forces involved in thetian using arrows,
along with the directional coordinates relevantttat movement pattern
(e.g., a two-dimensional or three-dimensional co@i#® system). The
free body diagram typically shows only the forcetireg on the system
and not those within the system (e.g., muscle &rce
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Deterministic M odels

A deterministic model is a concept map that dessrithe biomechanical
factors determining a movement or action, startvith the primary
performance factor(s) (e.g., jump displacementidag jump, race time
in sprinting), followed by a breakdown into secoryddactors (or
derivatives) and so on. Hence, a deterministic rheda have many
levels.

Regardless of the technique employed, movementysisaltequires
careful planning. These techniques may also suislitgtive or

guantitative analyses of movement. Qualitative ysisl assesses the
technical quality of the movement (e.g., rhythmstipoe), whereas
quantitative techniques assess the movement usimgbers (e.g.,
angles, distance, speed, force).

https://us.humankinetics.com/blogs/excerpt/methafdsovement-
analysis

SELF-ASSESSM ENT EXERCISE
I Describe different types of fundamental movements know.
40 CONCLUSION

o Movement is one of the significant features of riyibeings.
Human beings can move limbs, jaws, eyelids, tongte, some
of the movements result in a change of place atioo.

o Locomotion is one of the voluntary movements whadn be
walking, running, climbing, flying, swimming. Movesnt and
locomotion are two words linked together by statithgt all
locomotion’s are movements but all movements ard no
locomotion’s.

. Movement at the joints of the human musculoskelgyatem is
mainly rotational and takes place about a line @edjcular to the
plane in which they occur.

o The common point of intersection of these threengdais the
Centre of the joint being studied or the Centrenadss of the
whole human body and they are known as cardinahesla
(sagittal, frontal and horizontal planes).

o The likely constraints on movement such as thetsjask, the
environment and the organism (genetic make-up, sme,fithess
and injury records, etc.)
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50 SUMMARY

Movement is the temporary or permanent displaceraeatbody or its
parts from its original position. While locomotiasmthe displacement of
the entire body from one place to another. Movemnisndne of the
significant features of living beings and all aniraad plants exhibit a
wide range of movements.

Terms are used to describe the three mutually pdipelar intersecting
planes in which many, although not all, joint mowstnhoccur. The three
cardinal planes are as follows:- sagittal, froatadl horizontal planes.

Most sport and exercise movements that are almasidimensional,

such as running and long jumping, take place ia fane the frontal
plane is also vertical and passes from left totrighviding the body

into posterior and anterior halves, as in. it oaknown as the coronal
or the mediolateral plane.

Sports biomechanics normally use the conventionttieafully extended
position of most joint is 180 degrees; when mositfoflex, this angle
decreases. Clinical biomechanist tend to use ate convention in
which a fully extended joint is 0, so that flexiamcreases the joint
angle.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and describe six different voluntary movemeyds know.
2. List three types of constraint that can affect adlividual
movement patterns.

7.0 REFERENCESFURTHER READING

Stanley W. Jacob, et al. (1978ructure and Functionin Man. (4" ed.).
Philadelphia: W. B. Saunders Company. PA 19105.NSB-
7216-5090-8

Peter McGinnis (2013). Biomechanics of Sport andrEise. (5 ed.). :
Thomas-shore,Inc. web site:
www.Humankinetics.com/BiomechanicsOfSportAndExexcis

Anatomy and Physiology Oregon State University

https://open.oregonstate.education/aandp/chagietypes-of-
body-movements/
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1.0 INTRODUCTION

The human musculoskeletal and neural-motor systemhighly

optimised for efficient locomotion. Efficiency, &iéity and voluntary

modulation of human gait are a result of a comlmabf features

spanning the human musculoskeletal, sensorimotwmanral systems.
Salient aspects of these systems include (1) thetibnal morphology,

(2) the synergistic coordination of motor activity3) the phase
dependent modulation of muscle activity and (4)nitpge skills. On the

one hand, the functional morphology is highly opsied for efficient

biped locomotion as it allows exploiting the inh@rdynamics to reduce
energy consumption and control effort, and resmlthatural looking

motions. Also a contribution of this functional rpbplogy is the

capability of self-stabilisation, since the elagtimoperties of muscles
and tendons increase stability without active aintdn the other hand,
the synergistic feed-forward motor patterns, bactivated at kinetic or
kinematic events or due to learned timing, createrdinated synergies
of movement. Whilst feedback control occurs at aasi levels of

complexity regarding the extension of perceptiom aeployment of
muscle action, phase-dependent modulation is aitumof the current
task or phase of motion and as a result refleoaatan be modulated,
reinforced, or suppressed. Eventually, cogniticaypla crucial role in
learning and predicting the sensory consequencestans, helping to
deal with feedback time delays and allowing for npiag the

appropriate compensative actions (active and pa)ssiv
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2.0 INTENDED LEARNING OUTCOMES (ILOS)

By the end of this unit, you will be able to:

. analyse enthusiastically about Functional Morphglag the
Human Musculoskeletal System

o identify the Role of Reflex Function for Stabiligat of
Locomotion.

30 MAINCONTENT

3.1 Functional Morphology of the Human
Musculoskeletal System

Research on the biomechanics of human locomotiowmiges valuable
insights into basic principles for motor control.uiHan legged
locomotion is so efficient partially because it do@ot power
movements with independent motor actions at eaoh jpluscles often
span multiple joints, which results in energy-sgvand power transfers
when a movement simultaneously requires negativeep@t one joint
and positive power at another joint. This allowsking effective use of
passive elastic properties to generate part ofefaired force or power
without metabolic cost, especially when muscle-tendunits span
multiple joints. Furthermore, multiple muscles spiag a joint allow
efficient modulation of joint stiffness during dym& movements,
making fast adaptation to uneven surfaces andinisrpossible. Passive
dynamic walking introduced, as a model, in undevated bipedal
walkers and robots shows emerging, natural-lookuadking gait with
remarkable similarities to human walking. In thisgards, passive
dynamic walking, first introduced by Mc Geer, expdahe mechanical
potential energy gained while walking down a slogleowing a stable
gait without any or limited control or actuationimit Cycle (LC)
walking machines represent a step forward in threction. They
combine the exploitation of passive dynamics witlnimal feed-
forward actuation in order to replenish energy éssand to increase
stability. Examples of LC walking prototypes haveeh developed by
TU Delft, Cornell University and MIT. The Cornelhd Delft bipeds
demonstrate that basic walking can be accomplishigld extremely
simple control and very low energy consumption. ldoer, due to
absence of feedback control, passive dynamics bigadnot react to
disturbances or external forces, even though huikargait is achieved,
walking is unstable as all other stabilisation nmeghms found in
humans are still lacking.
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3.2 Roleof Reflex Function for Stabilisation of L ocomotion

Bipedal plantigrade walking in humans is unique paned to
digitigrade locomotion in animals, in that the starphase is made by
ground contact first by the heel, then the fooeswid finally the toes. In
addition, Pons, Moreno, Torricelli and Taylor atfed by maximal
activation of the quadriceps muscle mediated viexemechanisms,
focused to maintain balance during sudden pertiofist These reflex
mechanisms are even more important to maintain nbaladuring
walking on uneven surfaces, and are mainly orgdnsethe Trans
cortical level in humans. Activity within reflex gravays during normal
walking is organised to mediate an opposite effecthe ankle and knee
extensor Moto neuron pools. As such under normabitons reflex
mechanisms are organised to permit maximal qugmBiceuscle
activation with knee joint stabilisation during tearly stance phase, in
addition to inhibition of ankle extensor muscle &ggctivity.
Specifically at the beginning of the stance phgsadriceps contraction
is maintained by a combination of control mechasismcluding
facilitation of Gpl-Il afferent input from Tibialig&nterior (in addition to
Biceps muscle activation), excitatory cutaneousiirfpom the foot, and
reduced recurrent and presynaptic inhibition. Imapel prevention of
Triceps Surae hyperactivity is mediated via an almotal absence of
IA  heteronymous connections, a strong increase iesymaptic
inhibition of la terminals, and a strong propribgd mediated
inhibition of plantar flexors evoked from intrinsiplantar muscle
activation. Stabilisation of the ankle joint durinige stance phase is
mediated by low activity within recurrent and reaal la inhibitory
mechanisms between ankle muscles. In additiortchktreflexes evoked
within the Tibialis Anterior and Soleus muscles anddiated at the
spinal and Trans cortical level, may contribute n#igantly to
stabilisation during the stance phase.

A separate set of control mechanisms are impoftanivalking during
unexpected perturbations, with an important role dfferent muscle
and/or cutaneous feedback necessary to regairisasibn. Under such
conditions, stretch-induced responses provide lgtaturing the stance
phase, important for example when the ground mes giay or during
foot slip, while cutaneous reflex activity is orgsed to permit foot
clearance from an unexpected obstacle. Importamfiex reactions
under conditions of external perturbation are ntedianainly via Trans
cortical pathways, which allows for an additionalvél of voluntary
control during the perturbation to either stop nmoeet or to shift
weight onto the other leg. Significant stretch erffesponses mediated
by Gpla or Il afferents, or as trans cortical resg®s, are mostly active
during the stance but not swing phase. Additionatle support is
mediated via antagonistic ankle muscle stretch exef via
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heteronymous la input. In contrast, activation aw-threshold
cutaneous reflex responses in ankle and knee fedoring the swing
phase, are probably mediated via spinal, spinodsgfiinal and trans
cortical control mechanisms, which also depend han dtimulation of
specific skin areas. In general, cutaneous reflexesuned to withdraw
the perturbed leg away from the perturbing stimuWisile maintaining
voluntary muscle function during walking.

3.3 Modular Control of Movement

According to the hypothesis of modular control mesactivations
appear to be ruled by a low-dimensional set of eleding inputs
mediated by arrays of weighted connections, namelgcle synergies.
Experimental evidences in animals and humans, awide range of
motor functions, have mathematically confirmed thgpothesis,
showing that multiple EMG can be reconstructedh®y¢ombination of
a few activations and muscle synergy vectors. Hwtance, in
locomotion, 4 to 5 motor modules (synergies) afécsent to accurately
describe the activity of all the main muscles iwmeal. Nevertheless, the
physiological plausibility of this hypothesis islistontroversial. Several
guestions have been coming out during the lastsyeathe scientific
community. Do muscle synergies and activations espond to real
neural mechanisms? Is the dependency between madolations just
a result of biomechanical constraints? Can musgteergies reflect
specific neuromuscular pathologies? In order tova@nghese and more
guestions, different experimental approaches haen Iproposed. Here,
we classify them into in-vivo and in-vitro approash In-vivo
approaches rely on the analysis of biomechaniagilnanscular behavior
of biological structures. Kutch and Valero-Cuevasespnted an
experiment on a cadaveric human hand to show tinatrgistic patterns
come out with no need of any neural interventiorcréasing studies
rely on the analysis of neurologically impaired pko to show
correlations between neural injury and muscle gyesrganisation.
More recently, experiments in force-field scenah@ase been proposed
as a way to find correlation between muscle syesrgand motor
learning. None of the proposed studies have givelea demonstration
on the neural origin of the synergistic behaviossgibly because all
these in-vivo approaches are characterised by tingit difficulty of
separating the biomechanical constraints from tharal factors. In
addition, during in-vivo experiments, many unknowamechanisms
intervene - such as sensory feedback processitay,limb coordination,
spasticity and other neurologically related mechasi - which may
mask the targeted principles. In-vitro approachesgaining relevance
as a valuable tool to validate specific mechanisshde minimising
unknown factors. The two main actors of this kindapproach are
neuro-musculoskeletal modeling and robotics. Neuousculoskeletal
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modeling is a very powerful method that permitptedict the effects of
muscular activity on multi-limb dynamics, as we#i & simulate the
neural drive and its effect on muscle dynamicssTpproach has been
mainly used to demonstrate a clear correlation éetwsynergies and
motor functions. Recently, an interesting comprehen integration of
human biomechanical principles within a synergistatrol framework
has been also proposed in simulated environmentomparison to
neuro-musculoskeletal modeling, robotics permitstiom one hand to
create real-life representation of the human newsculoskeletal
system, which allow dealing with uncertainties ahghamics that are
difficult to reproduce in simulated environments) e other hand, the
technical limitations of the robotic solutions peat them to reproduce
the high degree of freedom of human musculoske®tsiem. In our
opinion, the complementary potentials of in-vitronda in-vivo
approaches can be integrated to find out effecsigitions for the
validation of the modular control hypothesis. Thientechanics of
Locomotion is the result of an intricate couplingtieen the neural
dynamics and the body dynamics, and many fundameasfzects of
locomotion control including gait transition, cooitrof speed and
direction, cannot be fully understood by invesiiggtthe locomotor
circuit in isolation from the body it controls. Aobly has indeed its own
dynamics and intrinsic frequencies with compleximrear properties, to
which the neural signals must be adapted ffiicient locomotion
control. As observed byroboticist Marc Raibert, thentral nervous
system does not control the body, it can only msikggestions. The
body is a redundant system with many muscles pat, jand several
muscles acting on more than one joint. Muscles ese&xy actuators,
brakes, sftness regulators, and stores of elastic energy. nDuri
locomotion, the frequencies, amplitudes, and phasélse signals sent
to the multiple muscles must be well orchestratednost vertebrates,
complex coordination is required not only betweefliedent joints and
limbs, but also between antagonist muscles whichbaoe periods of co
activation for modulating the ffiness of the joint, and periods of alter-
nation for actuating the joint. In legged locomatidhe dynamics of a
leg can be approximated by a pendulum model duwatking, and
aspring-mass model during running. These modetsvatine to relate
several features, such as resonance frequenciethetdength and
stiffness of the legs, and are able to describe the anexshof legged
locomotion surprisingly well in many animals. Thaportance of the
mechanical properties of the body is illustratedrésearch on passive
walkers. Passive walkers are legged machines (smitieknees and
arms) which transform potential energy from grawitp kinetic energy
when walking down a gentle slope. When correctlgigleed, these
machines do not require any actuation or contral denerating a
walking gait, which in some cases, can be strikifgiman-like.
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SELF-ASSESSMENT EXERCISE

4.0

5.0

describe different types of fundamental movemeats know.
List and describe different voluntary movements koaw.

CONCLUSION

The human musculoskeletal and neural-motor systeimighly
optimised for efficient locomotion and they both nwchand |
hand.

Efficiency, stability and voluntary modulation ofitman gait are
a result of a combination of features spanning khenan
musculoskeletal and neutral systems.

Contribution of the functional morphology is thepeaity of self-
stabilisation, since the elastic properties of nesand tendons
increase stability without active control.

Important of multiple muscles spanning a joint ailefficient
modulation of joint stiffness during dynamic moverts making
fast adaptation to uneven surfaces and terrainsiyges

Passive dynamic walking introduced, as a model,uirder
actuated bipedal walkers and robots shows
emerging,naturallooking walking gait with remarlabl
similarities to human walking.

Bipedal plantigrade walking in humans is unique pamed to
digitigrade locomotion in animals, in that the s@nphase is
made by ground contact first by the heel, thenftloé sole and
finally the toes.

Relex mechanisms are even more important to mait@iance
during walking on uneven surfaces, and are mainfoised at
the trans cortical level in humans.

Modular control of movement was confirmed since dpproach
has been mainly used demonstrate a clear correbttnween
synergies and motor functions.

Passive walkers are legged machine which transfootential
energy from gravity into kinetic energy when walkidown a
gentle slope.

SUMMARY

The human musculoskeletal and neural-motor systemes highly
optimised for efficient locomotion. Efficiency, siéity and voluntary
modulation of human gait are a result of a comimabf features
spanning the human musculoskeletal, sensorimowmnantral systems.
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Salient aspects of these systems include: thei@mradtmorphology, the
synergistic coordination of motor activity, and odiye skills.

A contribution of this functional morphology isetfrcapability of self-
stabilisation, since the elastic properties of nessand tendons increase
stability without active control. Again, cognitigrlays a crucial role in
learning and predicting the sensory consequencestains, helping to
deal with feedback time delays and allowing for npiag the
appropriate compensative actions.

Muscles often span multiple joints, which resufisenergy-saving and
power transfers when a movement simultaneously iregjunegative
power at one joint and positive power at anothemtjoThis allows
making effective use of passive elastic propettegenerate part of the
required force or power without metabolic cost,eesally when muscle-
tendon units span multiple joints.

The reflex mechanisms are even more important totaia balance
during walking on uneven surfaces, and are maimfjamised at the
trans cortical level in humans. Activity within ket pathways during
normal walking is organised to mediate an oppositect on the ankle
and knee extensor motor neuron pools.

The biomechanics of locomotion is the result ofimtnicate coupling
between the neutral dynamics and the body dynamic many
fundamental aspects of locomotion control includiggit transition,
control of speed and direction, cannot be fully enstbod by
investigating the locomotion circuit in isolatiomom the body it
controls.

The body is a redundant system with many musclesjget, and
several muscles acting on more than one joint. lMssserve as
actuators, brakes, stiffness regulators, and stofeglastic energy.
During locomotion, the frequencies, amplitudes, gidases of the
signals sent to the multiple muscles must be wehestrated.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe different functional morphology of the ham
musculoskeletal system you know,

2. Mention and describe different role of reflex fuoot for
stabilisation of locomotion.
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1.0 INTRODUCTION

Is it best to observe walking gait from a side vidwnt view, or back
view? From what distance can a coach best obsepiteteer’s throwing

style? What are the advantages and disadvantagesnaliysing a
movement captured on video? To the untrained obsetivere may be
no differences in the forms displayed by an eligedter and a novice
hurdler or in the functioning of a normal knee ardinjured, partially
rehabilitated knee. What skills are necessary ahdtwwrocedures are
used for effective analysis of human movement kiatgre? One of the
most important steps in learning a new subject iastering the
associated terminology. Likewise, learning a gelnanalysis protocol
that can be adapted to specific questions or pmobleithin a field of

study is invaluable. In this chapter, human moventerminology is

introduced, and the problem-solving approach isptathto provide a
template for qualitative solving of human movemamalysis problems

2.0 INTENDED LEARNING OUTCOMES (ILOS)
By the end of this chapter, you will be able to:

o state the kinds of motion experienced by the huripady, and
describe the factors that cause and modify motion

. identify and properly use the terms that desctiitealr and rotary
motion: position, displacement, distance, speed, velocity, andacc
eleration

o explain the interrelationships that exist amongpldisement,

velocity, and aceleration, and use the knowledgethwse
interrelationships to describe and analyse humatiomo

. describe the relationship between linear and rotaoyement,
and explain the significance of this relationstugtiman motion
. identify the critical kinematic components that wbbe used to

fully describe the skillful performance of a seetimotor task.
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If we are to understand the movements of the humasculoskeletal
system and the objects put into motion by thisesystwe need first to
understand the concepts of motion itself. There @guwestions that
demand answers, they include:

a. What is motion?
b. What determines the kind of motion that will resulhen an
object or a part of the human body is made to move?

C. How is motion described in mechanical terms?

d. How do these generalities about motion apply to enoents of
the musculoskeletal system?

e. How does one know that motion is occurring?

3.0 MAIN CONTENT
3.1 Motion

Motion is the act or process of changing placeasitpn with respect to
some reference object. Whether a body is at rest arotion depends
totally on the reference, global or local. Wheneaspn is walking down
the street or riding a bicycle or serving a terivadl, it seems obvious
that movement is involved. Less obvious is the orotstatus of the
sleeping passenger in a smoothly flying plane oranfautomobile
parked at a curb. On the other hand, if the bicigle reference point,
the person riding it is at rest relative to theyble, and the sleeping
passenger is at rest with respect to anything enpane. The relative
motion of each is defined in relation to the speaiéference object or
point. It is possible, therefore, to be at rest andnotion at the same
time relative to different reference points. Theegling passenger is at
rest relative to the plane and in motion relativéhte earth. Furthermore,
the relative motion of two bodies depends entiredn their
relative velocities through space. Two joggers mgrat 8 km/hr in the
same direction are at rest with respect to eachrotiowever, if one
jogs at 8 km/hr and the other at 10 km/hr, the slojegger would be
considered to be at rest with respect to the other.

3.2 Categories of Motion

Quick revise

There are three main categories:

. Linear Motion is when all of a body moves in a lifggraight or
curved) with all parts moving in the same direction

. Angular Motion is when a body or part of it movesai circle (or
part of) about a point called the axis of rotation.

. General Motion is a combination of linear and aaguahotion.
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Linear Motion &Biomechanics

v«

Fig. 4.1: Linear Motion

Linear motion means motion in a straight line (ppased to circular
motion or rotation). In order to talk about lingaotion scientifically,

we need to be familiar with mass, distance, disgtaent, speed,
velocity, and acceleration. Here we consider Nevstéenwvs of motion,

mass, inertia, momentum, speed, velocity, distadeglacement and
graphs of motion.

Speed and Velocity

This explains the difference between distance asplatement, vector
and scalar quantities as well as speed and velocisport and how to
do calculations. What is the difference betweentadise and
displacement? Displacement is how far away a b@syrhoved from its
starting point.

Acceleration

Acceleration is the rate at which a body changssvélocity and,
similarly to velocity, it is a vector quantity whicmeans it has a
direction as well as a magnitude. It is measurethfs/s or metres per
second per second (metres per second squared ¥ ms-2

Newton’s Laws of Motion

Sir Isaac Newton stated three laws that explairrétegionship between
force and movement. Having a good understandinijenfton’s laws,
that can be applied to sporting situations, withal you to gain a deeper
understanding of sports techniques.
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Mass, Inertia, and Momentum

Inertia is the reluctance of a body to change wdreithis moving or not
and is related to its mass. Once a body is mownegniomentum of the
body is a product of its mass multiplied by itsoaty.

Fig. 4.2: Mass, Inertia and Momentum

Angular Motion

.

-

Fig. 4.3: Angular Motion
3.3 Types of Motion

Rectilinear, Circular and Periodic Motion - withamples
Rectilinear Motion: Motion of the object in straigline path is called
rectilinear motion. For example: Motion of train ack, motion of ants
in a straight path, motion of freely falling stofiem top of the building
towards the ground.

When we require only one co-ordinate axis alondpwine to describe
the motion of a particle it is said to be in lingaotion or rectilinear
motion. Some examples of linear motion are a pachdeldiers, a train
moving along a straight line, and many more.

Distance and Displacement
So now that we have learned about linear motionwillediscuss two

terms related to change in position. These areeadtall ‘Distance’ and
‘Displacement’.
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Distance is defined as, the total path length eeluring a journey

Circular Motion: Motion of object in a circular pats called
circular motion. For example: Children moving in cacle,

motion of Earth around the Sun.

Periodic Motion: Motion of a object which repeatseif after a
certain period of time is called periodic motiororFexample:
Motion of Earth around the sun is periodic as wasltircular as it
repeats it motion after time of 365 days. Motion Sifmple
pendulum is periodic. Motion of minute and secorahch in a
watch is periodic.

Examples of different Types of Motion

Types of

. Examples
Motion
1Rectilinear a) March past.by the soldlers'ln st_ralght line. b)Mao
of falling objects from certain height

SCircular a) Motion of satellitesaround planets. b) Motion of «
turning to a curved track

3Rotational a) Mot|on pf giant wheel b) Motion of wheels
moving vehicle

AP eriodic a) Motion of simple pendulum b) Motion of Earth its

own axis.

SELF -ASSESSMENT EXERCISE

4.0

89

Describe different types of motion experienced hg tuman
body.
Describe how individuals can know that motion isweing.

CONCLUSION

Motion is the act of changing place or positionhmiespect to
some reference object, whether a body is at resh anotion

depends totally on the situation.

The relative motion of two bodies depends entirety their

relative velocities through space,

The three mainly categories of motion are: linéargular and
General motion.

Speed and velocity explain clearly that the diffex® between
distance and displacement, vector and scalar digsnéis well as
speed and velocity in sport and how to do caloortesti
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5.0 SUMMARY

One of the most important steps in learning a sehbject is mastering
the associated terminology. Likewise, learning anegal analysis
protocol that can be adapted to specific questangroblems within a
field of study is invaluable. Human movement’s terotogy was also
introduced and the problem-solving approach is ssthpo provide a
template for qualitative solving of human movemamalysis problems.

Motion is the act or process of changing placeasitpn with respect to
some reference object. Whether a body is at rest arotion depends
totally on the reference, global or local. Whepeason is walking down
the street or riding a bicycle or serving a terivadl, it seems obvious
that movement is involved. Less obvious is the orotstatus of the
sleeping passenger in a smoothly flying plane oranfautomobile
parked at a curb.

The three categories of motion are as follows:dmmotion which h
means motion in a straight line. In this case yeedto familiarise
yourself with mass, distance, displacement, speeslpcity and
acceleration. Angular motion is when a body or drtt moves in a
circle about a point called the axis of rotationen@ral motion is a
combination of linear and angular motion.

6.0 TUROR-MARKED ASSIGNMENT

1. Define Motion?
2. Describe types of motion you know.

7.0 REFERENCES/FURTHER READING

https://www.sport training-adviser.com/sportbiomaaics.html|

Peter McGinnis (2013): Biomechanics of Sport andrEise. (3 ed.)
Thomas-shore, Inc. web site: www.
Humankinetics.com/Biomechanics of Sport and Exercis
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UNIT 2 CONCEPT AND PRODUCTION OF FORCE

CONTENT

1.0 Introduction

2.0 Intended Learning Outcomes
3.0 Main Content

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION
What is Force?

Force is a word for pushing or pulling. If | push something or pull on
it, then | am applying a force to it. Force makiesmigs move or, more
accurately, makes things change their motion. Tatunal forces that
we have experienced are the force of gravity angnatc
forces magnetic forces.

These two forces act at a distance and do not negiirect contact
between the objects to function. Gravity producefrae that pulls
objects towards each other, like a person towdrdsgtound. It is the
force that keeps the Earth revolving around the anuoh it's what pulls
you toward the ground when you trip.

| .f

Fig. 4.4: Force
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2.0

INTENDED LEARNING OUTCOMES (ILOS)

By the end of this unit, you will be able to:

3.0

3.1

identify Principles of force in sports
state General Principles of Force
discuss the Principles concerning Athlete-Producté.

MAIN CONTENT

Principles of Force in Sports

Principles of force offer guidance for teaching spiechniques and
leveraging training strategies that require theettgyment of force--
pushing or pulling. Force is the product of the smgweight) and
acceleration of an object or person. These priasiind examples
concern (a) general applications, (b) athlete-pceduforce, and (c)
force dissipation.

3.2

1.

3.3

General Principle of Force General Principlesf Force

Total force (velocity) is the sum of all therdes contributed by
each body part. In any explosive skill, each foncesequence
should be applied at the peak of the previous foEb@mples
include throwing a ball and performing a power oleshooting
in handball.

Force is used more economically when it is i@dptonstantly
and evenly. For example, a swimmer moves more ieffity
when moving at constant speed and with smooth egtpdn of
force. Or a 400-meter relay runner or middle-distaraces.

All forces should be applied in the intendeckclion. Deviations
from the required line of force waste energy. Fmameple, a
runner who points his toes outward or bounces axoely exerts
wasted force and energy. A racket player losingisoc

Greater velocity is generated if force is aggliover a longer
distance. For example, an outfielder can generaiatey force for
throwing to home plate by using a long winding ugating the
trunk, shifting body weight from the back leg teetfront, and
following through.

Principles Concerning Athlete-Product Force

To achieve maximum force, use larger muscleleriower body
before actions of the trunk and upper body. Formgxta, the
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3.3

force of a punch in boxing or throwing is greatdren initiated
from the lower body and hips, rather than fromgsheulders.
Maintain a firm base of support to develop nmraxin force for
throwing and striking. For example, a tennis plagan generate
a more powerful stroke if the feet are firmly sefaest the
surface of the court.

Force generated by muscles can be increasethdigasing
initial tension before a contraction. This increase force
production is calle@lastic recoil, or thestretch-shortening
cycle. For example, drawing the arm back to pitch a dathrow
a javelin places the muscles of the throwing arm stretch,
increasing the force of contraction upon the ititia of the
throw.

Executing a follow through at the end of a ¥irg or striking
action maximises force generation and eliminatesté¢hdency to
decelerate prematurely. For example, reversindedieat the end
of the shot put or discus maximises acceleratioiewtnelping
prevent fouling.

Principles Concerning Force Absorption

Fig. 4.5: Force Absorption

1.
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The force of a blow can be diminished by ditting the force
over a greater time, distance, or area. For exanff@xing the
joints or rolling on the ground can help an athlebsorb the
shock of landing at the end of jump or fall.

Transferring momentum from vertical to horizintan reduce
force over a longer time and greater surface &w®eaexample,
football players fall and roll to dissipate thede of hitting the
ground.
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3. Catching objects should be accomplished bynebieg the arms
and fingers, flexing to absorb force and redueevilocity of the
object, and grasping with the fingers to secueeabject.

Mechanical Principles: The Rules of Sport Skill Tebnique
Introduction

Mechanical principles applied to sports are rulbat tgovern the
efficient execution of skills. Using these rules qagdes, athletes can
build excellent technique and gain the greatesthamical advantage.
Newton's Laws of Motion are the foundation for #hemechanical
principles, which must be applied in concert withey sports training
principles to achieve higher levels of sport perfance.

Principles from the Law of Inertia

1. To achieve skilled movements, athletes mustedely combine
linear and angular motion. For example, a discuswhr's body
must move in a straight path from the back to tbatfof the ring
while rotating with increasing velocity.

2. When two or more motions are required, athletest execute
movements continuously in sequence. For exampla, jévelin
thrower hesitates or stops at the end of the apprpsst prior to
the throw; the advantage of the approach is lost.

3. Athletes can increase mass and/or velocity atise proportional
gains in momentum. For example, if a football ptagains both
weight and speed, it is more difficult for an opipgsplayer to
alter his path.

4. Transfer momentum efficiently from each segntenthe whole
body For example, a sprinter coming out of the startaarks
uses the driving action of his or her arms to dbate to the total
momentum and direction of the body.

Fig. 4.6: Application of Law of Inertia

94



KHE 417 MODULE 4

Principles from the Law of Acceleration

1.

Acceleration is proportional to force. For mud, a sprinter
increases acceleration by increasing the force teatapplies
against the track. Increasing force by 20% caus3%& increase
in acceleration. If he could lose fat weight butimt&n the same
level of force (power), acceleration would alsorease. Then
the performance will be recognised.

Maximum acceleration is achieved when all bddsces are
coordinated in the intended direction. Body actidmat do not
contribute to a skill should be minimised to prevevasted

energy from productive movements. For example, ansver

coordinates the body actions to generate maximure favhile

minimising unnecessary movements that cause exeessbbing

or lateral deviations.

When rotating, lengthening the radius slows tbtion and
shortening the radius increases rotation. For examg diver

rotates faster when the tuck is tightened, creatirshorter body
radius. A pike produces slower rotation because rtduius is

longer.

When jumping, the path in the air is set upaketoff. Once a
long jumper is in the air, his or her arms or leysy cause body
rotation, but the flight path is not affected.

Principles from the Law of Counterforce

1.
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Maximise counterforce with stable surfaces #urface is stable,
it offers the same amount of force back as is gerdragainst it.
The less stable the surface, the less counterfercgturned. For
example, sand does not offer a stable surface doning as
compared to a concrete surface.

To achieve maximum jumping height, push disedtbwnward
upon take off. The direction of counterforce isedity opposite
that of the applied force, and the applied forcenst effective
when it is perpendicular to the supporting surfaeeause "give"
is minimised.

Maximise total force. When batting (or for attstriking skills),
the total force at impact depends upon the bothmbeentum of
the bat and the momentum of the ball.

Stay in contact with the ground. In activitiegolving throwing,
pushing, pulling, or striking, one or both feet glibbe kept in
firm contact with the ground until the force apglion is
complete.
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Stability Principles and Balance in Sports
Introduction

Stability principles give athletes rules about lmdd positions and
staying on balance when running. They guide trainfior improving

firmness of positions both for static balance agdadnic balance. An
athlete's center of gravity is the exact middleha&f body around which
it can rotate freely in any direction without prebl and where the
weight balanced on all opposite sides. It exists gtoint along the
midline of the body at about 55% of the athlete'ght.

Stability Principles

1. To maintain balance when still, the athleteater of gravity
must remain over the base of support. For exanig@ginning a
free weight lifting movement, such as the squayires the lifter
to hold a standing position.

2. To regain balance when lost, an athlete caargalthe base of
support and reposition the center of gravity oweExample:
Placing the feet wider to prevent falling afterrzppushed helps
recover balance.

3. When lifting or carrying an object, shift thedy weight in order
to maintain balance. Example: Lean in the oppoditection
when carrying a heavy equipment bag.

4. For greatest stability in all directions, trenter of gravity should
be over the center of the base of support. Exanitdding a
handstand requires the hips to remain toward tmecef the
base formed by the hands.

5. An athlete can become more stable by lowerirey denter of
gravity. Example: A shot-put follow- through invels bending
the knees to prevent fouling and falling.

6. The greater the friction between the supporsngace and the
athlete's body, the greater the ability to maintain
balance. Example: Wearing shoes that prevent exeeskding
on a playing surface.

7. Shifting the center of gravity toward an appmiliag force
increases an athlete's ability to maintain balaBzample: A
football lineman shifts weight toward the opposlimge prior to
the snap.

8. An opponent can be forced to lose balanceshpd or pulled in
the direction where the center of gravity is cléseshe edge of
the base of support. Example: Boxers can lose balamhen
weight is shifted back on the heels.

9. For positions of readiness, the shorter theadee the center of
gravity must move to clear the base of supportntioee rapidly
the body can be put in motion in that directionafple:
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Sprinters in the "set" position shift their weightthe direction of
the race.

Types of Contact Forces

) @
=5

Fig. 4.7: Force and Motion

Motion makes the world go 'round. Motion makes ith@on go ‘round
too. In fact, motion makes lots of things go. Wivea think of motion
we often think of cars, bicycles, kids running, lketballs bouncing and
airplanes flying. But motion is so much more. Matis important to
our lives and impacts so many things that we dotidvias the changing
of position or location. But motion requires a #rto cause that change.
Let's learn about force and motion and the effetthese physical laws
in our world.
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Fig. 4.8: Magnetism Force

Magnetism produces a force that can either pullosfip ends of two
magnets together or push the matching ends apartmaignet
also attracts objects made of metal.

Types of Contact Forces

There are 6 kinds of forces which act on objectemwthey come into
contact with one another. Remember, a force iseithpush or pull.
The 6 are:

« normal force

« applied force
« frictional force
« tension force
« spring force

« resisting force

Normal Force

Fig. 4.9: Normal Force
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A book resting on a table has the force of grapitjling it toward the
Earth. But the book is not moving or acceleratisg, there must
be opposing forces acting on the book. This fosceaused by the table
and is known as the normal force. You can “see”rthemal force in
some situations. If you place a thin piece of wawdplastic (a ruler
works) so that it is supported by both ends (byksquerhaps) and place
a small heavy object in the centre, the piece obdvavill bend. Of
course it wants to straighten out so it exerts pward force on the
object. This upward force is the normal force. Yean feel the force
yourself if you push down in the centre of the pie¢ wood. The harder
you push, the more the wood bends and the hargasites back.

A

\

Fig. 4.10: Normal Force

Applied Force

N

Fig. 4.11: Applied Force
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Applied force refers to a force that is appliectoobject such as when a
person moves a piece of furniture across the roppushes a button on
the remote control. A force is applied.

Frictional Force

Fig. 4.12: Frictional Force

Frictional forceis the force caused by two surfatkat come into
contact with each other. Friction can be helpfulirashe friction that
allows a person to walk across the ground withdiding or it can be
destructive such as the friction of moving partsairmotor that rub
together over long periods of time.
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Tension Force

Fig. 4.13: Tension Force
Tension force is the force applied to a cable oewhat is anchored on

opposite ends to opposing walls or other objedtss Tauses a force that
pulls equally in both directions.

Spring Force

Fig. 4.14: Spring Force
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The spring force is the force created by a compessr stretched
spring. Depending upon how the spring is attachiemn pull or push in
order to create a force.

Resisting Forces

Fig. 4.15: Resisting Force

Resisting force: like air resistance or frictionaolge motion. Whether
the forces actually stop or slow something depemts1 your point of
view. Air friction makes a leaf travel along in tkénd. When you pick
up a pencil, it's friction with your fingers thagtg the pencil in motion.
In each case, the friction makes the two thind® (the air and the leaf)
move together.

Inertia

Inertia is actually not a force at all, but ratlaeproperty that all things
have due to the fact that they have mass. The mass something has
the more inertia it has. You can think of inerts&aaaproperty that makes

it hard to push something around.

Friction
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Fig. 4.16: Friction Force
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Friction is a force that happens when objects rghirest one another.
Say you were pushing a toy train across the flaatoesn't take much
effort or force, because the toy is light. Now duytry to push a real
train. You probably can't do it because the fort&iotion between the
train and the ground is more intense, therefore,hthavier the object,
the stronger the force of friction.

Velocity

Fig. 4.17: Velocity

Velocity is the speed of an object in one directiiran object turns a
corner, it changes its velocity because it is noegéy moving in its
original direction.

Newton's Laws of Motion

The three laws explained how the concepts of farmemotion work.
Newton's First Law

Newton's first law of motion states: A body in nootitends to remain in
motion; a body at rest tends to remain at restasnkcted on by an
outside force. So, if an object is moving — itsriree(mass) will tend to
keep it in motion, and if something is at restjnisrtia will tend to keep
it at rest.

Example of first law of motion

Place a ball in a box and slowly push the box. Allyustop the box.
The ball will keep moving. According to Newton'sstilaw, amobject in

motion tends to stay in motion unless acted uporabyunbalanced
outside force, so the ball keeps rolling even tlioting box has stopped.
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Newton's Second Law

Newton's second law of motion states that a foacéng on an object,
will change its velocity by changing either its egdeor its direction or
both. If your basketball goes rolling into the strand is hit by a bike,
either the ball will change direction or its spemdoth. It will also be
true for the bike.

For an object with a constant mass m, the secowdstates that the
force F is the product of an object's mass anddtgleration a: F=m *
a. For an external applied force, the change inoigl depends on the
mass of the object.

Example of second law of motion

Riding your bicycle is a good example of this latvneotion at work.
Your bicycle is the mass and your leg muscles mgsbn the pedals of
your bicycle is the force.

Newton's Third Law

The third law is probably the best known of NewsdaWws. It states that
for every force and action, there is an equal guubsite reaction. This

is what causes cannon to recoil when it fires. kiek' from the firing
of the ammunition is what makes the cannon jumpkwacads.

Examples of Newton's third Law

When you jump off a small rowing boat into wateguywill push
yourself forward towards the water. The same for@e used to push
forward will make the boat move backwards. Whenrashes out of a
balloon, the opposite reaction is that the ballbies up.

SELF -ASSESSMENT EXERCISE

I. Describe the general practices of force in sports.
. Describe the principle concerning the athlete-pobdaorce.

4.0 CONCLUSION

o Force is a word for pushing or pulling for instaht push an
object or pull on it, then | am applying a forceitto
o Principles of force offer guidance for teaching rsgechniques

and leveraging training strategies that requiredieelopment of
force--pushing or pulling. Force is the product the mass
(weight) and acceleration of an object or persdresk principles
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and examples concern (a) general applications, atbjete-
produced force, and (c) force dissipation.

. Force is used more economically when it is apptedstantly
and evenly. For example, a swimmer moves more ieffity
when moving at constant speed and with smooth egtpdn of
force. Or a 400-meter relay runner or middle-diseanmaces.

o Greater velocity is generated if force is appliegeroa longer
distance. For example, an outfielder can generaiatey force for
throwing to home plate by using a long winding ugating the
trunk, shifting body weight from the back leg teetfront, and
following through.

5.0 SUMMARY

Force is a word for pushing or pulling. If | push something or pull on
it, then | am applying a force to it. Force makkemgs move or more
accurately, makes things change their motion. Tatunal forces that
we have experienced are the force of gravity andjnegc forces
magnetic forces. There are 6 kinds of forces wiaichon objects when
they come into contact with one another. The typkdorces are as
follows: Normal, Applied, Frictional, Tension, Spg and Resisting
force. Mechanical principles applied to sports ares that govern the
efficient execution of skills. Using these rules qagdes, athletes can
build excellent technique and gain the greatesthamical advantage.
Newton's Laws of Motion are the foundation for themechanical
principles, which must be applied in concert withey sports training
principles to achieve higher levels of sport perfance.

To achieve maximum force, use larger muscles inawer body before
actions of the trunk and upper body. For example,force of a punch
in boxing or throwing is greater when initiatedrfrahe lower body and
hips, rather than from the shoulders.

Force generated by muscles can be increased bgasing initial
tension before a contraction. This increase in domroduction is
calledelastic recoil, or thestretch-shortening cycle. For example,
drawing the arm back to pitch a ball or throw aejav places the
muscles of the throwing arm on stretch, increasthg force of
contraction upon the initiation of the throw.

105



KHE 417 BIOMECHANICS

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the stability principles and balance ior&p
2. List and explain the six kinds of forces you know.
3. Enumerate the principles of law of acceleratiosgort.

7.0 REFERENCES/FURTHER READING
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