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GENERAL INTRODUCTION

Hello, welcome to this course. We are happy to hgue doing NSC
215 — Human Anatomyl. You would have done some amgtwhen
you were in the basic school of nursing. You arengdo do a little
more and have opportunities to have practical sesdb give you more
facts on the structure of the human body. Intenghktj we all learn a lot
from been able to look at our own bodies too. Assesl you must know
what the body is made off and how it functions befgou can
determine if and when something goes wrong, whasgwerong and
what you can do within your professional respotisybto help clients
achieve, maintain, sustain, retain and adjust tsmmpeent change in the
body. You cannot practice safe without sound kndgéeof anatomy.
Everything you have to do with the body of a patisquires sound
knowledge of anatomy for the patient to be safdhwibu in practice.
Over a period of three semesters, you are gointedon about the
different organs that make up the human body. Thigse along with
the others must be learnt with your professionEsr@and duties in mind
at all times for you to also see how you can ayplyr new learning to
improve your practice.

COURSE AIM

The aim of this course is to build your foundatiorthe developmental
process and the structure of the human body as jguegares you to
apply your knowledge in planning to meet the careds of your body
and that of your clients as such may relate to abramd abnormal
changes in the various organs that make up the.body

COURSE OBJECTIVES
At the completion of this course, you should be ablto:

I Use anatomical terminology correctly.

. Discuss the levels of organization of the hunbady.

iii. Discuss the components of the body defenstesy

Iv. Discuss the human embryology from fertilizati birth

V. Discuss the two basic systems that provide eupm@nd
movement for the human body.

COURSE IMPLEMENTATION — WORKING THROUGH
THIS COURSE

The course will be delivered adopting the blendsating mode, 70%
of online but interactive sessions and 30% of f@etce during

iv
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laboratory sessions. You are expected to registethis course online
before you can have access to all the materialshand access to the
class sessions online. You will have the hard arftlcopies of course
materials, you will also have online interactivessens, face-to-face
sessions with instructors during practical sessiorike laboratory. The
interactive online activities will be available you on the course link on
the Website of NOUN. There are activities and assignts online for

every unit every week. It is important that youitvihe course sites
weekly and do all assignments to meet deadlines@nodntribute to the

topical issues that would be raised for everyonertgribution.

You will be expected to read every module alonghwatl assigned
readings to prepare you to have meaningful cortioha to all sessions
and to complete all activities. It is important ttheu attempt all the
Self-Assessment Questions (SAQ) at the end of ewertyto help your
understanding of the contents and to help you peefma the in-course
tests and the final examination. You will also beexted to keep a
portfolio where you keep all your completed assignts.

COURSE MATERIALS

Course Guide

Course Text in Study Units
Textbooks (Hard and electronic)
Book of Laboratory Practical
Assignment File/Portfolio

STUDY UNITS

This course has three Modules and 13 units. They arstructured as
presented

Module 1 - Introduction to the Human body

Unit 1 - General Body Organizations

Unit 2 - Anatomical Terminology

Unit 3 - Cells, Tissues, Organs, Systems & Memlsane
Unit 4 - Body Tissues

Unit 5 - The Human Defense System

Module 2 - Embryology
Unit 1 - Embryology Terminology

Unit 2 - Garmetogenesis
Unit 3 - Placenta Formation and Functions
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Module 3 — Support and Movement

Unit 1 - Integumentary System
Unit 2 - Skeletal System

Unit 3 - Muscular system

Unit 4 - Tendons and Ligaments
Unit 5 - Joints and Bursae

REFERENCE TEXTBOOKS

1. Bruce M. Carlson (2019) Human Embryology & Diepenental
Biology. 6" edition

2. Kathryn A. Booth, Terrii D. Wyman (2008) Anatpm
physiology, and pathophysiology for allied health

3. Katherine M. A. Rogers and William N. ScotD{2) Nurses!
Test yourself in anatomy and physiology

4. Kent M. Van De Graff, R.Ward Rhees, Sidney Ralrf2010)
Schaum’s Outline of Human Anatomy and Physiologg 3
edition

5. Keith L Moore, Persuade T.V.N (2016), The Depaig Human
Clinically Oriented Embryology 10th Edition Lippiott
Williams & Wilkins

6. Philip Tate (2012) Seeley’s Principles of Amajo& Physiology
2nd edition.

7. Sadler T.W (2019), Langman’'s Medical Embryologyth
edition. Lippincott Williams & Wilkins

COURSE REQUIREMENTS AND EXPECTATIONS OF
YOU

Attendance of 95% of all interactive sessions, dgbion of all
assignments to meet deadlines; participation iIrfCMIA, attendance of
all laboratory sessions with evidence as providedthe log book,
submission of reports from all laboratory practicsgssions and
attendance of the final course examination. Youaése expected to:

1. Be versatile in basic computer skills

2. Participate in all laboratory practical up @8 of the time

3. Submit personal reports from laboratory prattisessions on
schedule

4. Log in to the class online discussion boartkast once a week

and contribute to ongoing discussions.
5. Contribute actively to group seminar preseoteti

Vi
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EQUIPMENT AND SOFTWARE NEEDED TO ACCESS
COURSE

You will be expected to have the following tools:

1. A computer (laptop or desktop or a tablet)

2. Internet access, preferably broadband ratfzer dmal-up access

3 MS Office software — Word PROCESSOR, PowerRoint
Spreadsheet

4. Browser — Preferably Internet Explorer, MoxHmefox

5. Adobe Acrobat Reader

NUMBER AND PLACES OF MEETING (ONLINE, FACE-TO-
FACE, LABORATORY PRACTICALS)

The details of these will be provided to you at thiene of
commencement of this course

DISCUSSION FORUM

There will be an online discussion forum and togasdiscussion will
be available for your contributions. It is mandgttiiat you participate
in every discussion every week. You participatiork lyou, your face,
your ideas and views to that of every member ofcthses and earns you
some mark.

COURSE EVALUATION

There are two forms of evaluation of the progrems gre making in this
course. The first are the series of activitiesigagsents and end of unit,
computer or tutor marked assignments, and laborgi@ctical sessions
and report that constitute the continuous assedsthanall carry 30%
of the total mark. The second is a written exanmmatvith multiple
choice, short answers and essay questions that7@de of the total
mark that you will do on completion of the course.

Students evaluation: The students will be asseasddevaluated based
on the following criteria

IN-COURSE EXAMINATION

In-course examination will come up in the middletué semester. These
would come in form of Computer Marked AssignmerttisTwill be in
addition to one compulsory Tutor Marked Assignm€nmA’s) and
three Computer marked Assignment that comes digemiodules.

Vi
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Laboratory practical: Attendance, record of participation and other
assignments will be graded and added to the ottmnes from other
forms of examinations.

Final Examination: The final written examination will come up at the
end of the semester comprising essay and objegtiestions covering
all the contents covered in the course. The finemanation will
amount to 60% of the total grade for the course.

Learner-Facilitator evaluation of the course

This will be done through group review, written @ssment of learning
(theory and laboratory practical) by you and thalitators.

GRADING CRITERIA

Grades will be based on the following Percentages

Tutor Marked Individual Assignments 10%

Computer marked Assignment 10%

Group assignment 5%
30%

Discussion Topic participation 5%

Laboratory practical 10%

End of Course examination 70%

GRADING SCALE

A =70-100
B =60-69
C=50-59
F=<49

SCHEDULE OF ASSIGNMENTS WITH DATES

Every Unit has activity that must be done by youspslt out in your
course materials. In addition to this, specificigm®ient will also be
provided for each module by the facilitator.

viii
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SPECIFIC READING ASSIGNMENTS
To be provided by each module
COURSE OVERVIEW

Human Anatomy (I)

Human Anatomy is a basic life science that helpdeasn about the
body structure. This course examines the body axgtaon, anatomical

terminology, cells, tissues, organs, systems, manads, body tissues,
the human defense system, embryology terminologymgtogenesis,
placenta formation and functions, intergumentakg)etal and muscular
systems. The course has the theory and laboratmmpanents that
spread over 15 weeks. The course is presented oluld® with small

units. Each unit is presented to follow the sanitepathat guides your
learning. Each module and unit have the learningabives that helps
you track what to learn and what you should be dbledo after

completion. Small units of contents will be pregehevery week with

guidelines of what you should do to enhance knogéegtention as had
been laid out in the course materials. Practicasisas will be

negotiated online with you as desirable with infatimn about venue,
date and title of practical session.

HOW TO GET THE MOST FROM THIS COURSE

1. Read and understand the context of this course eaylimg
through this course guide paying attention to iet¥ou must
know the requirements before you will do well.

Develop a study plan for yourself.

3. Follow instructions about registration and mastgregetations in
terms of reading, participation in discussion faruend of unit
and module assignments, laboratory practical dneralirectives
given by the course coordinator, facilitators &undrs.

N

4. Read your course texts and other reference texthook

5. Listen to audio files, watch the video clips anchsat websites
when given.

6. Participate actively in online discussion forum anake sure you
are in touch with your study group and your cowserdinator.

7. Submit your assignments as at when due.

8. Work ahead of the interactive sessions.

9. Work through your assignments when returned togmai do not

wait until when examination is approaching befasolving any
challenge you have with any unit or any topic.
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10. Keep in touch with your study centre, the NOUN, &uhof
Health Sciences websites as information will bevjgled
continuously on these sites.

11. Be optimistic about doing well.
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MODULE 1 INTRODUCTION TO THE HUMAN BODY

Although the primary concern of anatomy is withusture, structure
and function should be considered together. Mamgdi a student first
realizes the importance of human anatomy only wherught to the
bedside or the operating table of his/her patiemten the first thing
he/she is faced with is the least he has considekadtomy is the
science of the structure of the body.

In relation to the size of the parts studied, amgtas usually divided
into (1) macroscopic or gross anatomy, and (2) osioopic anatomy or
histology (now used synonymously). In addition, eyobogy is the
study of the embryo and the fetus, that is, thedystof prenatal
development, whereas the study of congenital maktions is known
as teratology.

At the end of this module, you should be able to:
I Use anatomical terminology correctly.

. Discuss the levels of organization of the hurbady.
iii. Discuss the components of the body defenséesy

CONTENTS

Unit 1 General Body Organizations

Unit 2 Anatomical Terminology

Unit 3 Cells, Tissues, & Membranes
Unit 4 Body Tissues

Unit 5 The Human Defense System

UNIT 1 GENERAL BO DY ORGANIZATION
CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Contents
3.1  Structures of the human body
3.2  Body functions
3.3 Characteristics of life

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignments

7.0 Reference and other resources
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1.0 INTRODUCTION

In general, works dealing with human anatomy ararged either (1)
systemically, that is, according to the variousteys of the body
(skeletal, muscular, digestive, etc.) or (2) regibn that is, according to
the natural, main subdivisions of the body (head maeck, upper and
lower limbs, thorax, etc.). In this write up, thengral features of certain
systems will be discussed, chiefly because the waajority of
laboratory courses in human anatomy are basedsterss.

Human beings are arguably the most complex organ@mthis planet.
Imagine billions of microscopic parts, each witls ibwn identity,
working together in an organized manner for theefierof the total
being. The human body is a single structure bistmade up of billions
of smaller structures of four major kinds, suclCadls, Tissues, Organs
and Systems: Cells-Tissues-Organs-Systems

2.0 OBJECTIVES
At the end of this unit, you will be able to:

o Describe how the body is organized from simple torem
complex levels.
o Explain the characteristics of life exhibited bynian being.

3.0 MAIN CONTENT
3.1 Structuresof the human body
l. Cdls

Thecdll is the basic living unit of all organisms. The slegt organisms
consist of single cells. It is estimated that husare composed of 10 to
100 trillion cells. An average-sized cell is onefthh the size of the
smallest dot you can make on a sheet of paper avéharp pencil. If
each cell of the body were the size of a standaick,bthe colossal
human statue made from those bricks would be Gsrhiigh!

Light microscopes allow us to visualize general features of cellsl<el
have long been recognized as the simplest uniiginfy matter that can

maintain life and reproduce themselves. Cells hee lasic structural

and functional units of the human body and there raany different

types of cells (e.g., muscle, nerve, blood, andrgo
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Sperm cell

Hair Nerve cell
ineye cell

Il Tissues

Tissues are somewhat more complex units than cg&ligssue is an
organization of a great many similar cells thatf@en a specific
function with varying amounts and kinds of nonligjnintercellular
substance between them. The basic types of tissube human body
include epithelial, muscle, nervous, and connedissies.

Smooth <
muscle tissue

l\!ervou
tissue

Columna
epithelium
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[11. Organs

An organ consists of 2 or more tissues that perfagparticular function
(e.g., heart, liver, stomach, and so on). It i9oagan is an organization
of several different kinds of tissues so arrandet together they can
perform a special function. For example, the stdimaan organization
of muscle, connective, epithelial, and nervousugss Muscle and
connective tissues form its wall, epithelial anchrective tissues form
its lining, and nervous tissue extends throughaith bts wall and its
lining.

V. Systems

An association of organs that have a common fungtibere are 11
major systems in the human body, including digestiwervous,
endocrine, circulatory, respiratory, urinary, reguotive, muscular,
lymphatic, skeletal, and integumentary. Systemstlaeemost complex
of the component units of the human body. (MIS CRULER... M-

muscular I-integumentary S-Skeletal C-circulatoryreRpiratory U-
urinary N-nervous D-digestive L-lymphatic E-endoeri R-

reproductive).

3.2 Body functions

Body functions are the physiological or psycholagjftinctions of body
systems. The body's functions are ultimately itis'clinctions. Survival
is the body's most important business. Survivaleddp on the body's
maintaining or restoringomeostasis, a state of relative constancy, of its
internal environment.

More than a century ago, French physiologist, GtaBeérnard (1813-
1878), made a remarkable observation. He noted hioaly cells
survived in a healthy condition only when the terap#re, pressure, and
chemical composition of their environment remaingdtively constant.
Later, an American physiologist, Walter B. CannolB71-1945),
suggested the nambomeostasis for the relatively constant states
maintained by the body. Homeostasis is a key wardmodern
physiology. It comes from two Greek words - "homiemeaning the
same, and "stasis," meaning standing. "Standingtaying the same"
then is the literal meaning of homeostasis. Howewes Cannon
emphasized, homeostasis does not mean somethirandeimmobile
that stays exactly the same all the time. In higdsp homeostasis
"means a condition that may vary, but whichekatively constant.”

4
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Homeostasis depends on the body's ceaselesslyincaron many

activities. Its major activities or functions amsponding to changes in
the body's environment, exchanging materials batwke environment
and cells, metabolizing foods, and integratingodlthe body's diverse
activities. The body's ability to perform many ¢t functions changes
gradually over the years. In general, the bodyquaré its functions

least well at both ends of life - in infancy and afld age. During

childhood, body functions gradually become more amate efficient

and effective. During late maturity and old age @pgosite is true. They
gradually become less and less efficient and edecDuring young

adulthood, they normally operate with maximum eé#ncy and

effectiveness.

3.3 Characteristicsof life

All living organisms have certain characteristibatt distinguish them
from non-living forms: (MR NIGER D) The basic prases of life
include organization, metabolism, responsiveness, movements, and
reproduction. In humans, who represent the most complex forihfeyf
there are additional requirements such as growifferéntiation,
respiration, digestion, and excretion. All of thegpeocesses are
interrelated. No part of the body, from the smallssl to a complete
body system, works in isolation. All function toget, in fine-tuned
balance, for the well-being of the individual anal maintain life.
Disease such as cancer and death represent atiisrapthe balance in
these processes.

The following are a brief description of the lifeopess:
Organization

At all levels of the organizational scheme, thexa idivision of labor.
Each component has its own job to perform in comjpan with others.
Even a single cell, if it loses its integrity oiganization, will die.

Atoms to Molecules to Macromolecules to OrganeltesCells to
Tissues to Organ to Organ Systems to Organism

M etabolism

Metabolism is a broad term that includes all thersital reactions that
occur in the body. One phase of metabolism is cditabh in which
complex substances are broken down into simplddibgi blocks and
energy is released. Needs: Water, food, oxygen, pesssure - all must
be regulated, the other phase is anabolism; wimeblves construction
of complex substances from simpler ones
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Responsiveness

Responsiveness or irritability is concerned witkedgng changes in the
internal or external environments and reactinghtt thange. It is the
act of sensing a stimulus and responding to it.

M ovement

There are many types of movement within the body.tke cellular
level, molecules move from one place to anotheooBlImoves from
one part of the body to another. The diaphragm mowegh every
breath. The ability of muscle fibers to shorten ahds to produce
movement is called contractility.

Reproduction

For most people, reproduction refers to the forombf a new person,
the birth of a baby. In this way, life is transradtfrom one generation to
the next through reproduction of the organism. Irbraader sense,
reproduction also refers to the formation of newlscdor the
replacement and repair of old cells as well aggforth. This is cellular
reproduction. Both are essential to the survivahefhuman race.

Growth

Growth refers to an increase in size either throaghincrease in the
number of cells or through an increase in the sizzach individual cell.
In order for growth to occur, anabolic processestnmccur at a faster
rate than catabolic processes.

Differentiation

Differentiation is a developmental process by whicispecialized cells
change into specialized cells with distinctive stawal and functional
characteristics. Through differentiation, cells elep into tissues and
organs.

Respiration

Respiration refers to all the processes involvedtha exchange of
oxygen and carbon dioxide between the cells and dReernal
environment. It includes ventilation, the diffusiohoxygen and carbon
dioxide, and the transport of the gases in thedl@ellular respiration
deals with the cell's utilization of oxygen andease of carbon dioxide
in its metabolism.
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Digestion

Digestion is the process of breaking down compigested foods into
simple molecules that can be absorbed into theddol utilized by the
body.

Excretion

Excretion is the process that removes the wastdupte of digestion
and metabolism from the body. It gets rid of by¢hreis that the body is
unable to use, many of which are toxic and incorbfeatvith life.

The ten life processes described above are notghntw ensure the
survival of the individual. In addition to theseopesses, life depends on
certain physical factors from the environment. Enhésclude water,
oxygen, nutrients, heat, and pressure.

Self-Assessment Exercise

I Describe how the body is organized from simpée more
complex levels.
. Explain the characteristics of life exhibitbg human being

40 CONCLUSION

The body is made of structures organized from sentplcomplex at six
levels with 11 organ-systems.

50 SUMMARY
In this unit, you have learnt:

I Anatomy is the study of the structure of therfaun body

. Systemic anatomy is the study of the body bgam systems.
Regional anatomy is the study of the body by areas

iii.  Surface anatomy uses superficial structuresldcate deeper
structures, and anatomical imaging is a non-imeasnethod for
examining deep structures.

\Y2 The human body can be organized into six kEvehemical
(atoms and molecules), cell, tissue (groups ofilaintells and
the materials surrounding them), organ (two oreartissues that
perform one or more common functions), organ systgroups
of organs with common functions), and organism.

V. The 11 organ systems are the integumentaryetskemuscular,
nervous, endocrine, cardiovascular, lymphatic, piratory,
digestive, urinary, and reproductive systems.
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Vi. The characteristics of life include organipati metabolism,
responsiveness, growth, development, and repnoauct

6.0 TUTOR MARKED ASSIGNMENTS

Look at the differences between the cell and tisswer the microscope
at the Histology and report your findings in yoog lbook.

Answer the following questions:

1. From smallest to largest, list and define thdys six levels of
organization.

What are the four primary tissue types?

Which two organ systems are responsible foulegigng the other
organ systems?

4. Which two are responsible for support and moas

W N

5. What are the functions of the integumentarydiogascular,
lymphatic, respiratory, digestive, urinary, andproauctive
systems?

6. Describe six characteristics of life.

7. Why is it important to realize that humans sharany, but not

all, characteristics with other animals?
The following are organizational levels for sa@ering the body.

o

cell

chemical
organ

organ system,
organism
tissue

~Po0oTw

Choose the correct order for these organizatianadl$ from smallest to
largest.

a. 1,2,3,6,4,5
b. 2,1,6,3,4,5
C. 3,1,6,4,5,2
d. 2,6,1,3,54
e. 1,6,5,3,4,2

7.0 REFERENCESAND OTHER RESOURCES

Bruce M. Carlson (2019) Human Embryology & Develatal
Biology. 6" edition



NSC 215 MODULE 1

Kathryn A. Booth, Terri. D. Wyman (2008) Anatomy,
physiology, and pathophysiology for allied health

Katherine M. A. Rogers and William N. Scott (201Myrses!
Test yourself in anatomy and physiology

Kent M. Van De Graff, R.Ward Rhees, Sidney Paln&d10)
Schaum’s Outline of Human Anatomy and Physiology 3r
edition

Keith L Moore, Persuade T.V.N (2016), The Develgpiuman
Clinically Oriented Embryology 10th Edition Lippiott
Williams & Wilkins

Philip Tate (2012) Seeley’s Principles of AnatomyP&ysiology
2nd edition.

Sadler TW (2019), Langman’s Medical Embryology L4t
edition. Lippincott Williams & Wilkins



NSC 215 HUMAN ANATOMY |

UNIT 2 ANATOMICAL TERMINOLOGY
CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content

3.1 Directional terms

3.2 Planes of the body

3.3 Body cavities

3.4  Clinical correlates

4.0 Conclusion

50 Summary

6.0  Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

Before we get into the following learning units, iathwill provide more

detailed discussion of topics on different humarmybsystems, it is
necessary to learn some useful terms for describiody structure.
Knowing these terms will make it much easier fotasinderstand the
content of the following learning units. Three gposuof terms are
introduced here:

> Directional Terms
> Planes of the Body
> Body Cavities

2.0 OBJECTIVES

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

o Describe the anatomical position.

o Identify the planes of reference used to locate dedcribe
structures within the body.

o Identify and to locate the principal body cavitesd the organs
within them.

10
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3.0 MAINCONTENT

3.1 Directional terms

MODULE 1

Directional terms describe the positions of struesurelative to other
structures or locations in the body.

rable 1.1

Tarms Etymology® Dafinition Example
Rgrt Toward tha right side of tha body Tha right aar
Lt Toward tha laft side of the Doty Tha laft aye
Supanor L Ngher A Brucsae abow another Tha chin ks superior 0 the naal
Irfarior L, lowar A Srocse below nothey Tha nawel is inflrior 1o tha chin.
Caphalc C. kephale, haac Ooser 1o tra haad than notter Tha chin & caphalc to the nawel
structure pusually Symonymous
Wt supeior)
Causal L cwda a3l Oonar 1o tha tall than anothar Tha nawel 5 caudal o the chin.
sTCiUe [usuEly synonymows Weh infanon
Armanor L, bafore Tha fort of tha body Tha ravel = Jmanor 10 T veredeal coumn sping).
Postartor L postans, following The back of e body The spite s postanar to th starmum Reeastbana)
Vartra L ventr., belly Toward the baly (SymonymoLs with snierion Tha nasd & ventral to the ging.
Dorsd L dorum, back Toward the back (SynNonYmoL W posienen) Tha sping ks dorsal to the semum.
Progmal L proxims, naarest Oosar 1o the point of Z=achmant The eibow & prodmal 1o howrist
10ha body than atothar structre
D3l L@ pies 5 to3tand apan Farthar from e point of attachment The wrst is A3l 10 the slbow.
o b dsant t0the body than Jrothar strucume
Lateral L loty, e gy fom the midine of e body Tha nippie s ateral to the Sarnum
Mecla! L medoly, mioda Toward the miding of e body Tha bricge of the noss = medial o Moaye
Supertcial L supesicia, Toward or on the surtae Tha skn bs supartcial o mesce.
foward the surtacs (ot shown Infgure 1.10)
DE daop ceap Ry Yom the wiface, ntemal Tha lungs e daep D tha Ntz
(mot shown Infigure 1.10y

Dagroard wanrg of thewont | Lt L Geant CL Ot Lagihe

Superior or cranial - toward the head end of the body; upper (example,
the eyes are superior to the nose).

Inferior or caudal - away from the head; lower (example, the mouth is

inferior to the nose).

Anterior or ventral - front (example, the kneecap is located on the

anterior side of the leg).

Posterior or dorsal - back (example, the shoulder blades are located on
the posterior side of the body).

Medial - toward the midline of the body (example, the nledtbe is
located at the medial side of the foot).

11



NSC 215 HUMAN ANATOMY |

Lateral - away from the midline of the body (example, thiel toe is
located at the lateral side of the foot).

Proximal - toward or nearest the trunk or the point of arigi a part
(example, the proximal end of the femur joins with pelvic bone).

Distal - away from or farthest from the trunk or the paintorigin of a
part (example, the hand is located at the distdlafnthe forearm).

3.2 Planesof the body

Coronal Plane (Frontal Plane) - A vertical plane running from side to
side; divides the body or any of its parts intoeaiotr and posterior
portions.

Sagittal Plane (Lateral Plane) - A vertical plane running from front to
back; divide the body or any of its parts into tighd left sides.

Axial Plane (Transverse Plane) - A horizontal plane; divides the body
or any of its parts into upper and lower parts.

Median plane - Sagittal plane through the midline of the bodiyjdes
the body or any of its parts into right and lefives.

12
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Sagittal Plane
Coronal Plane

/

Transverse Plane

|4

-

Body Planes

3.3 Body cavities

The cavities, or spaces, of the body contain thermal organs, or
viscera. The two main cavities are called the \&@rand dorsal cavities.
The ventral is the larger cavity and is subdivided two parts (thoracic
and abdomino-pelvic cavities) by the diaphragm, @metshaped
respiratory muscle.

13
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Cranial cavity

Body Cavities

Dorssal
cavity Thoracic
cavity
Spinal Ventral
cavity cavity
Abdominal
cavity
Pelvic
cavit \
y {|[Abdominopelvic
I cavity

Thoracic cavity

The upper ventral, thoracic, or chest cavity corgahe heart, lungs,
trachea, esophagus, large blood vessels, and ndiveghoracic cavity
is bound laterally by the ribs (covered by cost&upa) and the
diaphragm caudally (covered by diaphragmatic pleura

Abdominal and pelvic cavity

The lower part of the ventral (abdominopelvic) ¢tawan be further
divided into two portions: abdominal portion andwvpe portion. The

abdominal cavity contains most of the gastrointasdtiract as well as
the kidneys and adrenal glands. The abdominalycaibound cranially
by the diaphragm, laterally by the body wall, amddally by the pelvic
cavity. The pelvic cavity contains most of the wpial system as well
as the rectum. The pelvic cavity is bounded criniay the abdominal
cavity, dorsally by the sacrum, and laterally by gelvis.

Dorsal cavity

The smaller of the two main cavities is called tlmgsal cavity. As its
name implies, it contains organs lying more postein the body. The
dorsal cavity, again, can be divided into two pord. The upper
portion, or the cranial cavity, houses the bramg the lower portion, or
vertebral canal houses the spinal cord

14
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3.4 Clinical correlates

The serous membranes can become inflamed—usuallyresult of an

infection. Pericarditis is inflammation of the pEmdium, pleurisy is

inflammation of the pleura, and peritonitis is arfimation of the

peritoneum. Visceral peritoneum covers the appemdiich is a small,

wormlike sac attached to the large intestine. Afedation of the

appendix can rupture its wall, releasing bactento ithe peritoneal
cavity, resulting in peritonitis. Appendicitis ieg most common cause
of emergency abdominal surgery in children and ftero leads to

peritonitis.

40 CONCLUSION

The body can be described from the perspectiveretiibns or along
the planes. The body also can has different cawitiat contain different
organs in the body.

50 SUMMARY
In this unit, you have learnt that:

I The human body is a single structure but mede up of billions
of smaller structures of four major kinds: celissues, organs
and systems.

. An organ is an organization of several differé&inds of tissues
so arranged that together they can perform a alpfeeiction

iii. A system is an organization of varying numbemd kinds of
organs so arranged that together they can perfmomplex
functions for the body.

\Y2 Ten major systems include the skeletal, musguhervous,
endocrine, cardiovascular, lymphatic, respiratodigestive,
urinary, and the reproductive systems.

V. Body functions are the physiological or psydugstal functions
of body systems. Survival of the body depends e lody’s
maintaining or restoring homeostasis, a state elative
constancy, of its internal environment.

Vi. Human life process includes organization, rnetiam,

responsiveness, movements, reproduction, growth,

differentiation, respiration, digestion, and exae. All these
processes work together, in fine- tuned balancetde well —
being of the individual and to maintain life.

vii.  Life depends on certain physical factors frone environment,
which include water, oxygen, nutrients, heat, prebssure.

15
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viii. Terms used in describing body parts and \éodis include —
directional terms, terms used in describing bodygs and body
cavities.

6.0 TUTOR MARKED ASSIGNMENTS

At the gross anatomy laboratory, identify the diéf@ cavities of the
body and the contents of each cavity in relatiorob@ another with
directional terms and report in your log book.

Answer all these questions.

The clavicle (collarbone) is to the nipple loé toreast.
anterior

distal

superficial

superior

ventral

PO oT o

The term that means nearer to the attachedfeamdimb is
distal

lateral..

medial.

proximal

aeooTon

w

Which of these directional terms are pairedtrappropriately as
opposites?

superficial and deep
medial and proximal
distal and lateral
superior and posterior
anterior and inferior

®o 0T

IX. With reference to the planes of the body, déscthe advantage of
computed tomography (CT or CAT) scans and magnetic
resonance images (MRIs) over conventional x-rays.

X. What are visceral organs?
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UNIT 3 CELLS, TISSUES, & MEMBRANES
CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Cell theory
3.2  Cell structure and function
3.3 Cell division
3.4 DNA replication and protein synthesis
3.5 Clinical correlates

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignments

7.0 References and other resources

1.0 INTRODUCTION

This section provides detailed information aboull structure and
function, four basic types of tissue in the humadyh and the different
types of membranes found in the body.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

Discuss the cell theory

Explain the cellular organization of the human hody

Discuss the types and functions of the varioady membranes
Discuss the importance of cell division in the harbady.
Explain the processes ofeplication, transcription, and
tranglation.
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3.0 MAINCONTENT
3.1 Cdl Theory
Important Eventsin the Discovery of Cells

> 1665 - Robert Hooke looks at cork under a microsc@alls the
chambers he see "cells"

> 1665 - 75 Anton van Leeuwenhoek, the person inctiyrgiven
credit for the invention of the microscope (adwahe was just
damn good at making and using them, and his scepes
became the standard, and history has just givenchedit as the
inventor of the microscope), studies organismsdjvin pond
water (like you did in lab). He calls them "Animales."

> 1830 - German scientists Schleiden and Schawanmsauge the
findings of many scientists and conclude thatielg organisms
are made of cells. This forms the basis of the Tkeory of
Biology

The Cell Theory

o All organisms are composed of cells

o The cell is the structural unit of life - units dileathan cells are
not alive

o Cells arise by division of preexisting cells - sfmoreous
generation does not exist

o Cells can be cultured to produce more cells

o in vitro = outside organism or cell

o in vivo = inside organism or cell

Propertiesof Cells

Cells are complex and highly organized

o They contain numerous internal structures
Some are membrane bound (organelles) while otleerotd

Cells contain a genetic blueprint and machinenyd® it

o Genes are instructions for cells to create spepifateins
o All cells use the same types of information
o The genetic code is universal
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o The machinery used for synthesis is interchangeable

o However, for this to function properly, informatitgransfer must
be error free

o Errors are calledutations

Cells arise from the division of other cells

o Daughter cells inherit the genes from the mothés ce

o Binary fission - cell division in bacteria

o Mitosis - the genetic complement of each daughtelt s
identical to the other and to the mother cell.sTis asexual
reproduction

o Meiosis - the genetic complement of each daughtdl is

reduced by half and each daughter cell is gerigticaique. This
Is used in sexual reproduction

. Daughter cells inherit cytoplasm and organellesnftbe mother
cells

o Asexual - organelles from mother cell

. Sexual - organelles predominately from one parent

. In eukaryotes, the chloroplasts and mitochondrimedrom the
egg cell

. This can be used to trace the evolutionary origithe organism

Cells acquire and utilize energy

> Most cells respire

. release energy found in organic compounds
o convert organic compounds to CO2 and O2
. make ATP

Cells can perform a variety of chemical reactions

> Transform simple organic molecules into complex eunales
(anabolism)

> Breakdown complex molecules to release energylfoasn)

> Metabolism = all reactions performed by cells

Cells can engage in mechanical activities

> Cells can move

> Organelles can move

> Cells can respond to stimuli

. chemotaxis - movement towards chemicals
. phototaxis - movement towards light

20
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° hormone responses
o touch responses

Cells can regulate activities

> Cells control DNA synthesis and cell division
> Gene regulation - cells make specific proteins avityn needed
> Turn on and off metabolic pathways

Cells contain the following structures:

Plasma membrane - separates the cell from thenaktenvironment
> Cytoplasm - fluid-filled cell interior
> Nuclear material - genetic information stored asADN

3.2 Cdl structure and function

Cells, the smallest structures capable of maimginilife and
reproducing, compose all living things, from singkdled plants to
multibillion-celled animals. The human body, which made up of
numerous cells, begins as a single, newly fertilizell.

Almost all human cells are microscopic in size.glive you an idea how
small a cell is, one average-sized adult body, r@icg to one estimate,
consists of 100 trillion cells!

Cell Structure
Ideas about cell structure have changed considema@r the years.
Early biologists saw cells as simple membranous saataining fluid

and a few floating particles. Today's biologistsoknthat cells are
infinitely more complex than this.
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Cell Structure
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Smooth endoplasmic reticulum

Muclear membrane

There are many different types, sizes, and shapeslis in the body.
For descriptive purposes, the concept of a "gemedl cell" is
introduced. It includes features from all cell tgpé\ cell consists of
three parts: theell membrane, thenucleus, and, between the two, the
cytoplasm. Within the cytoplasm lie intricate arrangements fioe
fibers and hundreds or even thousands of minisduée distinct
structures called organelles.

Cell membrane

Every cell in the body is enclosed by a cell (Plasmembrane. The cell
membrane separates the material outside the esgtlacellular, from
the material inside the celltracellular. It maintains the integrity of a
cell and controls passage of materials into and ajuthe cell. All
materials within a cell must have access to thensetnbrane (the cell's
boundary) for the needed exchange.

The cell membrane is a double layer of phospholipidlecules.
Proteins in the cell membrane provide structuraglpsut, form channels
for passage of materials, act as receptor sitesctibn as carrier
molecules, and provide identification markers.
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Nucleus and Nucleolus

The nucleus is the largest cellular organelle imais. In mammalian
cells, the average diameter of the nucleus is anpedely 6
micrometers fm), which occupies about 10% of the total cell vodu
The viscous liquid within it is called nucleoplasemd is similar in
composition to the cytosol found outside the nueldti appears as a
dense, roughly spherical organelle.

Outer membrane
Inner membrane
Nucleoplasm

Nucleolus

Chromatin

Nuclear
envelope

Pore in nuclear
envelope

Thenuclear envelope, otherwise known as nuclear membrane, consists
of two cellular membranes, an inner and an outembnane, arranged
parallel to one another and separated by 10 toah@meters (nm). The
nuclear envelope completely encloses the nucleuds separates the
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cell's genetic material from the surrounding cy&sph, serving as a
barrier to prevent macromolecules from diffusingefy between the
nucleoplasm and the cytoplasm. The outer nucleambrene is
continuous with the membrane of the rough endogasmticulum
(RER), and is similarly studded with ribosomes. Bpace between the
membranes is called the perinuclear space andnsnoous with the
RER lumen.

Nuclear pores, which provide aqueous channels through the epeelo
are composed of multiple proteins, collectively ereéd to as

nucleoporins. The pores are about 125 million d&ltin molecular

weight and consist of around 50 (in yeast) to savieandred proteins
(in vertebrates).[5] The pores are 100 nm in tdiaineter; however, the
gap through which molecules freely diffuse is oalyout 9 nm wide,

due to the presence of regulatory systems withercémter of the pore.

The cell nucleus contains the majority of the sajienetic material in
the form of multiple linear DNA molecules organizedo structures
called chromosomes. Each human cell contains roughly 2 m of DNA.
During most of the cell cycle these are organizedai DNA-protein
complex known ashromatin. A small fraction of the cell's genes are
located instead in the mitochondria.

There are two types of chromatiBuchromatin is the less compact
DNA form, and contains genes that are frequentjyressed by the cell.
The other type,heterochromatin, is the more compact form, and
contains DNA that is infrequently transcribed. Dgriinterphase the
chromatin organizes itself into discrete individupatches, called
chromosome territories.

The nucleolus is a discrete densely stained structure found m th
nucleus. It is not surrounded by a membrane, asdnsetimes called a
suborganelle. It forms around tandem repeats of rDNA, DNA cagliar
ribosomal RNA (rRNA). These regions are called ealdr organizer
regions (NOR). The main roles of the nucleolustarsynthesize rRNA
and assemble ribosomes.

Cytoplasm
The cytoplasm is the gel-like fluid inside the cdilis the medium for
chemical reaction. It provides a platform upon vhather organelles

can operate within the cell. All of the functionar fcell expansion,
growth and replication are carried out in the cldsm of a cell. Within
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the cytoplasm, materials move by diffusion, a ptgisprocess that can
work only for short distances

Ribosomes
Centrosome

Centrioles

Smooth )
fe"t"lgup,ﬂ’:f'c Mitochondria
Smooth
/ endoplastic
- reticulum Cilia
{

Rough s
Free
endoplastic
reticuium . _ . : ribosomes
Peroxisome . s ; -f-g-‘ b Golgi
apparatus
Cytoskeleton
\ Microvilli
Vesicle
Intermediate L
filament % Nuclear  nNucleus Nucleolus Vault
envelope
Microtubule Microfilament

Cytoplasmic organelles

Cytoplasmic organelles are "little organs" that atespended in the
cytoplasm of the cell. Each type of organelle hagfnite structure and
a specific role in the function of the cell. Exaemplof cytoplasmic
organelles are mitochondrion, ribosomes, endoplasaticulum, golgi

apparatus, and lysosomes.

Nucleus
> One or more per cell

> Spherical shape
> Denser than surrounding cytoplasm
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Chromosomes

- Usually in the form of chromatin

- Contains genetic information

- Composed of DNA

- Thicken for cellular division

- Set number per species (i.e. 23 pairs for
human)

Nuclear membrane

- Surrounds nucleus

- Composed of two layers

- Numerous openings for nuclear traffic

Nucleolus

- Spherical shape

- Visible when cell is not dividing

- Contains RNA for protein manufacture

Collective term for cytosol and organelles contdimgthin
Colloidal suspension

Cytosol mainly composed of water with freefloating
molecules

Viscosity constantly changes

YV VVYVY

Centrioles

- Paired cylindrical organelles near
nucleus

- Composed of nine tubes, each with
three tubules

- Involved in cellular division

- Lie at right angles to each other
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Cytoskeleton

- Composed of microtubules

- Supports cell and provides shape

- Aids movement of materials in and out
of cells

Endoplasmic reticulum

- Tubular network fused to nuclear
membrane

- Goes through cytoplasm onto cell
membrane

- Stores, separates, and serves as cell's
transport system

- Smooth type: lacks ribosomes

- Rough type (pictured): ribosomes
embedded in surface

Golgi apparatus

- Protein 'packaging plant'

- A membrane structure found near
nucleus

- Composed of numerous layers forming
a sac

L ysosome

- Digestive 'plant’ for proteins, lipids,
and carbohydrates

- Transports undigested material to cell
membrane for removal

- Vary in shape depending on process
being carried out

- Cell breaks down if lysosome explodes
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Mitochondria

- Second largest organelle with unique
genetic structure

- Double-layered outer membrane with

inner folds calledristae

- Energy-producing chemical reactions
take place on cristae

- Controls level of water and other

materials in cell

- Recycles and decomposes proteins,
fats, and carbohydrates, and forms urea

Ribosomes

- Each cell contains thousands

- Miniature 'protein factories'

- Composes 25% of cell's mass

- Stationary type: embedded in rough
endoplasmic reticulum

- Mobile type: injects proteins directly
into cytoplasm

Vacuoles

- Membrane-bound sacs for storage,
digestion, and waste removal

- Contains water solution

- Contractile vacuoles for water removal
(in unicellular organisms)

The structural and functional characteristics dfedent types of cells
are determined by the nature of the proteins pteg&glls of various

types have different functions because cell strecand function are
closely related. It is apparent that a cell thavesy thin is not well

suited for a protective function. Bone cells do hate an appropriate
structure for nerve impulse conduction. Just asethee many cell types,
there are varied cell functions. The generalizeltl foactions include

movement of substances across the cell membralhéjwsion to make

new cells, and protein synthesis.
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M ovement of substances acrossthe cell membrane

The survival of the cell depends on maintaining difeerence between
extracellular and intracellular material. Mecharssoh movement across
the cell membrane include simple diffusion, osmo8igation, active
transport, endocytosis, and exocytosis.

Simple diffusion is the movement of particles (se) from a region of
higher solute concentration to a region of lowelutso concentration.
Osmosis is the diffusion of solvent or water molesuthrough a
selectively permeable membrane. Filtration utilizgessure to push
substances through a membrane. Active transportem®ubstances
against a concentration gradient from a regioroafel concentration to
a region of higher concentration. It requires aieamolecule and uses
energy. Endocytosis refers to the formation of alesi to transfer
particles and droplets from outside to inside tbkk Secretory vesicles
are moved from the inside to the outside of thelmekexocytosis.

34 Cadldivision

Cell division is the process by which new cells fmened for growth,
repair, and replacement in the body. This proceskides division of
the nuclear material and division of the cytoplagdhcells in the body
(somatic cells), except those that give rise to #ggs and sperm
(gametes), reproduce by mitosis. Egg and sperma ae#l produced by a
special type of nuclear division called meiosisnhich the number of
chromosomes is halved. Division of the cytoplasmmalted cytokinesis.
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Somatic cells reproduce by mitosis, which resuit$wo cells identical
to the one parent cell. Interphase is the periddidsen successive cell
divisions. It is the longest part of the cell cycléne successive stages of
mitosis are prophase, metaphase, anaphase, aptiasé Cytokinesis,
division of the cytoplasm, occurs during telophase.

Meiosis is a special type of cell division that oxin the production of
the gametes, or eggs and sperm. These cells hiw@ohromosomes,
one-half the number found in somatic cells, so thhén fertilization
takes place the resulting cell will again have A6bmosomes, 23 from
the egg and 23 from the sperm.

3.4 DNA replication and protein synthesis

DNA Replication, takes place during interphasehaf tell cycle, is the
process that makes growth possible. DNA stand®#&woxyribonucleic
Acid, which is so named for its five-carbon deokwse sugar and
nucleic acid. DNA stores the genetic informationoofanisms, and it
takes the shape of a double helix, bonded togedtireugh hydrogen
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bonds between base pairs. By replicating, DNA alaells to divide
and grow through mitosis while keeping all the densformation in
the organism identical. The process can take plmmmuse DNA is
composed of base pairs, which always go togetleethat when the
DNA strands separate, the DNA polymerase can ilyewtat base pair
was in place by recognizing only one of the nuctkst.

Replication Transcription

=, =
=8
= =
&= 5=

Translation

- —_—

Protein

Protein Synthesis, occurs in the two steps of t@oison and

translation, is part of the transfer of geneticmifation from DNA to

RNA to protein. The first step, transcription, whibegins in the cell
nucleus, transfers genetic information from theldewstranded DNA to
single stranded RNA. The next step in protein sysi) translation,
occurs in the cytoplasm of the cell, is the transfegenetic information
from RNA into a protein. These two steps occurrémsfer the genetic
information from DNA to protein so that proteinsncearry out their
tasks in cells.

3.5 Clinical correlates

Hypercholesterolemia is a common genetic disorder affecting 1 in
every 500 adults in the United States. It consi$ta reduction in or
absence of low-density lipoprotein (LDL) receptans cell surfaces.
This interferes with receptor-mediated endocyta$it DL cholesterol.
As a result of inadequate cholesterol uptake, cbetel synthesis within
these cells is not regulated, and too much choldsi® produced. The
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excess cholesterol accumulates in blood vesselsultirg in
atherosclerosis. Atherosclerosis can result intregtacks or strokes

Cloning

Through the process of differentiation, cells beeospecialized to
certain functions and are no longer capable of ycod) an entire
organism if isolated. Over 30 years ago, howewenas demonstrated
in frogs that if the nucleus is removed from a eléntiated cell and is
transferred to an oocyte with the nucleus remoeedpmplete normal
frog can develop from that oocyte. This procesdledacloning,
demonstrated that during differentiation, genetiéoimation is not
irrevocably lost. Because mammalian oocytes arasiderably smaller
than frog oocytes, cloning of mammalian cells hagrbtechnically
much more difficult. Dr. lan Wilmut and his collaags at the Roslin
Institute in Edinburgh, Scotland, overcame thosarneal difficulties in
1996, when they successfully cloned the first mammaheep. Since
that time, many other mammalian species have Heeed.

40 CONCLUSION

The cell as the smallest unit of life contain stowes that serve different
purposes by the functions they perform. Understamdhe various
structures and how cells multiply helps our underding of cell

growth, repairs and reproduction.

50 SUMMARY
In this unit, you have learnt that:

I Cells are the basic unit of life, containingganelles, which
perform specific functions.

. The plasma membrane forms the outer boundéamthe cell, the
nucleus contains genetic material and directs aivities, and
cytoplasm is material between the nucleus and n@as
membrane.

iii.  Cells metabolize and release energy, syn#eesmolecules,
provide a means of communication, reproduce, aodige for

inheritance.

V. Intracellular substances are inside cells, s extracellular
(intercellular) substances are between cells.

V. The plasma membrane is composed of a doubler |ay

phospholipid molecules (lipid bilayer) in whichopeins float
(fluid-mosaic model).

32



NSC 215 MODULE 1

Vi.

Vil.

viii.

Xi.

6.0

Cell division that occurs by mitosis producasw cells for
growth and tissue repair.

Cell division that occurs by meiosis produggsnetes (sex cells).
Sperm cells in males and oocytes (egg cells) mafes are
gametes.

Humans have 22 pairs of autosomal chromosoared one pair
of sex chromosomes. Females have the sex chronesseid
and males have XY.

Mitosis is divided into four stagesProphase, Metaphase,
Anaphase, Telophase.

Cytokinesis is the division of the cytoplasmtloé cell. It begins
with the formation of the cleavage furrow durintpphase and is
complete when the plasma membrane comes togethénea
equator, producing two new daughter cells.

Differentiation, the process by which cellsvdbp specialized s
tructures and functions, results from the selecaetivation and
inactivation of DNA sections.

TUTOR MARKED ASSIGNMENTS

In the histology laboratory, examine the followiawgd report in your log

book:

1.

2.

Structures found inside the cell and identify theperties of each
structure
The stages of cell division

Answer the following questions.

@

PO TN

produce heat that helps to maintain body teatpes.

are different from each other because of tipedyof molecules
they produce.

communicate with each other through chemical afectric

signals.

divide to produce new cells containing the sagenetic

information.

all of the above.

In the plasma membrane, phospholipids
form most of the bilayer.

function as enzymes.

bind cells together.

allow cells to identify each other.

all of the above.
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3. Concerning diffusion,

a. most non-lipid-soluble molecules and ions dse through the
lipid bilayer.

b. it stops when random movement of moleculesi@amsl stops.

C. it is the movement of molecules or ions froneaar of lower
concentration to areas of higher concentration.

d. the greater the concentration gradient, theatgrethe rate of
diffusion.

e. it requires ATP.

4. Which of these statements about osmosis i8 true

a. Osmosis always involves a membrane that alleater and all
solutes to move through it.

b. The greater the solute concentration, the gmahe osmotic
pressure of a solution.

C. Osmosis moves water from a solution with a wresolute
concentration to a solution with a lesser solatecentration.

d. The greater the osmotic pressure of a solutios,greater the

tendency for water to move into the solution.

e. Osmosis occurs because of hydrostatic pressisale the cell.

5. If a cell is placed in a (an) solution, lysistoe cell may occur.

a. hypertonic

b. hypotonic

C. isotonic

d. iIsosmotic

6. Suppose that a man is doing heavy exercisbarhbt summer
sun. He sweats profusely. He then drinks a lang@uat of
distilled water. After he drinks the water, you wa expect his
tissue cells to

a. shrink.

b. swell.

C. remain the same.

7.0 REFERENCESFURTHER READING
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UNIT 4 BODY TISSUES

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Epithelial tissues
3.2 Connective tissues
3.3  Muscle tissues
3.4  Nervous tissues and membranes
3.5 Clinical correlates
4.0 Conclusion
50 Summary
6.0  Tutor Marked Assignments
7.0 References and other Resources

1.0 INTRODUCTION

In some ways, the human body is like a complex mn&glsuch as a car.
Not all parts of a car can be made from a singbe tyf material. Metal,

capable of withstanding the heat of the enginenotibe used for

windows or tires. Similarly, the many parts of thanan body are made
of collections of specialized cells and the matsrgurrounding them.
Muscle cells that contract to produce body moveméiatve a structure
and function different from that of epithelial celhat protect, secrete,
or absorb. Knowledge of tissue structure and foncts important in

understanding how individual cells are organizeddion tissues and
how tissues are organized to form organs, orgamesys and the

complete organism. There is a relationship betwkerstructure of each
tissue type and its function and between the tssu@n organ and the
organ’s function. The structure and function oftiss are so closely
related that you should be able to predict the tiancof a tissue when
given its structure, and vice versa.

2.0 OBJECTIVES
At the end of this unit, you should be able to:
o Define histology andtissue and to distinguish between the four

major tissue types
o Explain purpose of the specialization of the tissmethe body.

o Describeepithelial tissue on the cellular level and to differentiate
between the various kinds.
° Describe the characteristics, locations, and fonesti of

connective tissue.
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o Describe muscle tissue and to distinguish betwéden three
types.
° Describe the basic characteristics and functiomaofous tissue.

3.0 MAIN CONTENT
3.1 Epithelial tissues

Epithelial tissue covers thehole surface of the body. It is made up of
cells closely packed and ranged irone or more layers. This tissue is
specialised to form the covering or lining of alternal and external
body surfaces. Epithelial tissue that occurs on surfaces onritegior of
the body is known asndothelium. Epithelial cells are packed tightly
together, with almosto intercellular spaces and only asmall amount

of intercellular substance. Epithelial tissue, regardless of the type, is
usually separated from the underlying tissue byhm tsheet of
connective tissuepasement membrane. The basement membrane
provides structural support for the epithelium and alsbinds it to
neighbouring structures.

Typesof Epithelial Tissue

Epithelial tissue can be divided intwvo groups depending on the
number of layers of which it is composes. EpitHaigsue which is only
one cell thick is known assimple epithelium. If it is two or more cells
thick such as the skin, it is known stsatified epithelium.

Simple epithelium

Simple epithelium can be subdivided according te shape and
function of its cells.

Sguamous (pavement) epithelium.

Squamous cells have the appearancthiof, flat plates. The shape of
the nucleus usually corresponds to ¢ek form and help to identify the
type of epithelium. Squamous cells, for example, tend to have
horizontall flattened, elliptical nuclei because of the thin flattened
form of the cell. They form the lining of cavitiesich as thenouth,
blood vessels, heart andlungs and make up the outer layers of the skin.
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P nucleus
Jl:_ E cytoplasm
| @ _. cell membrane
;:_ { flat cell
e e hasal lamina

Simple sgaumous epithelium

Simple Cuboidal Epithelium.

As their name implies, cuboidal cells are rougtgyar e or cuboidal in
shape. Each cell has spherical nucleus in the centre. Cuboidal
epithelium is found irglands and in the lining of th&idney tubules as
well as in theducts of the glands. They also constitute thger minal
epithelium which produces thegg cells in the female ovary and the
sperm cellsin themale testes.

4. columnar cells
cuhoidal cell

TSe———— nucleus
- hasal lamina

Simple cuboidal epithelium
Simple Columnar Epithelium

Columnar epithelial cells occur ione or more layers. The cells are
elongated and column-shaped. The nucle are elongated and are
usually located near the base of the cells. Colunepéhelium forms
the lining of the stomach and intestines. Some columnar cells are
specialised for sensory reception such as in thewose, ears and the
taste buds of the tongue. Gaoblet cells (unicellular glands) are found
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between theolumnar epithelial cells of the duodenum. Theysecrete
mucus or slime, a lubricating substance which keeps the surface
smooth.

7\1——— — columnar cells

—+—— cytoplasm
nucleus
basal layer

‘7 connective tissue

Simple columnar epithelium

Ciliated Columnar Epithelium

These aresimple columnar epithelial cells, but in addition, they
possesdine hair-like outgrowths, cilia on their free surfaces. These
cilia are capable ofapid, rhythmic, wavelike beatings in a certain
direction. This movement of the cilia in a certainection causes the
mucus, which is secreted by the goblet cells, tear({flow or stream) in
that direction. Ciliated epithelium is usually falm theair passages
like the nose. It is also found in thaiterus and Fallopian tubes of
females. The movement of the cilia propel the ovartihe uterus.

- cilia
columnar cells
cytoplasm

-— nucleus

hasal layer

-— connectve tissue

Ciliated columnar epithelium

Glandular Epithelium

Columnar epitheliunwith goblet cellsis called glandular epithelium.
Some parts of the glandular epithelium consistuzhsalarge number
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of goblet cells that there are only a few normal epithelial ce8$.|
Columnar and cuboidal epithelial cells often becospecialised as
gland cells which are capable afynthesising and secreting certain
substances such aszymes, hor mones, milk, mucus, sweat, wax and
saliva. Unicdlular glands consist of single, isolated glandular cells
such as the goblet cells. Sometimes a portion efdpithelial tissue
becomes invaginated andvalticellular gland is formed. Multicellular
glands areeomposed of clusters of cells. Most glands are multicellular
including the the salivary glands.

columnar epithelium cells
Zoblet cells which secrete mucus:

connective tissue

Glandular epithelium
Stratified Epithelium

Where body linings have to withstand wear and tda,epithelia are
composed of several layers of cellsand are then called compound or
stratified epithelium. Thetop cells areflat and scaly and it may or
may not bekeratinised (i.e. containing a tough, resistant protein called
keratin). Themammalian skin is an example ofdry, keratinised,
stratified epithelium. The lining of themouth cavity is an example of
anunkeratinisied, stratified epithelium.

~——— — horny epithelium cells

)" — = cuboidal cells

-——  hasal lamina
)— —— —=  connective tissue
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Stratified epithelium

Functions of Epithelial Tissue

>

Protection Epithelial cells from the skinprotect underlying
tissue from mechanical injury, harmful chemicals, invading
bacteria and from excessive |oss of water.

Sensation Sensory stimulpenetrate specialised epithelial cells.
Specialised epithelial tissue containing sensawwa endings is
found in the skin, eyes, ears, nose and on trgutan

Secretion In glands, epithelial tissue is specialised saurete
specific chemical substances such as enzymes, hormones and
lubricating fluids.

Selective Absorption Certain epithelial cells lining the small
intestineabsorb nutrients from the digestion of food.

Excretion Epithelial tissues in the kidnesxcrete waste products
from the body and reabsorb needed materials from the urine.
Sweat is also excreted from the body by epithelial catisthe
sweat glands.

Diffusion Simple epitheliumpromotes the diffusion of gases,
liquids and nutrients. Because they form such a thin lining, they
are ideal for the diffusion of gases (e.g. wallapillaries and
lungs).

Cleaning Ciliated epithelium assists iremoving dust particles
and foreign bodies which have entered the air passages.

Reduces Friction The smooth, tightly-interlocking, epithelial

cells that line the entire circulatory systeraduce friction
between the blood and the walls of the blood vessels.
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Types of Epithelium

2 ’-’lluﬁ‘l.l A

Stratified squamous  Stratified cuboidal Pseudostratified columnar

Simple cuboidal epithelium is found in glandulasstie and in the
kidney tubules. Simple columnar epithelium lineg tstomach and
intestines. Pseudostratified columnar epitheliunedi portions of the
respiratory tract and some of the tubes of the mgeoductive tract.
Transitional epithelium can be distended or stedchGlandular
epithelium is specialized to produce and secrdistances.

3.2 Connectivetissues

This is the most widespread and abundant typessti¢i in thes human
body. Its function is primarily teupport, anchor andconnect various
parts of the body. Although connective tissue exist a number of
forms, all types have three basic structural elémencells, fibres and
intercellular substance (ground substance).

The most common cell types are fibroblasts, whiacbdpce fibres and
other intercellular materials. The two most comniypes of fibres are:
collagen (collagenous) and elastic. Collagen filamesfor strength while
the elastic ones are for elasticity of the tisdBeth the cells and the
fibres are embedded in the intercellular substambe. consistency of
this substance is highly variable from gelatin-ltkea much more rigid
material.

The proportions of the cells, fibres, and intendall substance vary,
depending on a particular nature and function efdbnnective tissue.
For example, a strong connective tissue needsategneroportion of the

collagen fibres and fewer cells. An example wouddadense regular
connective tissue, which is found in tendons agdrients. On the other
hand, a connective tissue composed of mostly @agld not be very

strong. An example would be an adipose (fat) cotiveetissue.

Classification of Connective Tissue
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Connective Tissue Proper -- encompasses all organs and body cavities
connecting one part with another and, equally irgur separating one
group of cells from another. This is a very largel aliverse group of
tissues and includes adipose tissue (fat), arélolase) tissue, and dense
regular tissue, among others.

Specialized Connective Tissues -- this group includes cartilage, bone,
and blood. Cartilage and bone form the skeletahéwaork of the body
while blood is the vascular (transport) tissue rfrals.

Connective tissue proper
a) Areolar (Loose) Connective Tissue

Areolar connective tissue is the most widespreathective tissue of
the body. It is used to attach the skin to the uguohg tissue. It also fills

the spaces between various organs and thus hadsithplace as well
as cushions and protects them. It also surroundssapports the blood
vessels. The fibres of areolar connective tissue aranged in no
particular pattern but run in all directions andnfioa loose network in
the intercellular material. Collagen (collagenoud)bres are

predominant. The cellular elements, such as filastb| are difficult to
distinguish in the areolar connective tissue. Buie type of cells - the
mast cells are usually visible. They have coursek-dtaining granules
in their cytoplasm.

e 21ESHE
fiber

| collagenous
fibers

fibroblast
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Schematic representation of the areolar connetibsgie. Microscopic
view of areolar connective tissue.

b) Adipose Connective Tissue

The cells of adipose (fat) tissue are characteriged large internal fat
droplet, which distends the cell so that the cydepi is reduced to a thin
layer and the nucleus is displaced to the edgénefcell. These cells
may appear singly but are more often present iuggoWhen they
accumulate in large numbers, they become the predorncell type
and form adipose (fat) tissue. Adipose tissue diditeon to serving as a
storage site for fats (lipids), also pads and mtsteertain organs and
regions of the body. As well, it forms an insulgtiilayer under the skin
which helps regulate body temperature.
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Schematic representation of the adipose connedisgie. Dense
(Fibrous) Regular Connective Tissue

Dense connective tissue is characterized byalmmdance of fibres
with fewer cells, as compared to the loose connective tissue. IIss a
called fibrous or collagenous connective tissue abse of the
abundance of collagen (collagenous) fibres. Litttercellular substance
is present.
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collagenous
fibers

fibroblast

Schematic representation of dense regular conmecttissue.
Microscopic view of tendon.

Specialized Connective Tissues
a) Cartilage

Cartilage is a somewhat elastic, pliable, compgpe tof connective
tissue. It is characterized by three tralt&unae, chondrocytes, and a
rigid matrix. The matrix is a firm gel material that containtwzrdés and
other substances. There are three basic typesrtifga in the human
body: hyaline, elastic and fibrocartilage. Most of the skeleton of the
mammalian fetus is composed of hyaline cartilageth® fetus ages, the
cartilage is gradually replaced by more supportivene. In the
mammalian adult, hyaline cartilage is mainly restd to the nose,
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trachea, bronchi, ends of the ribs, and the adtmg surfaces of most
joints. The function of the hyaline cartilage ispimvide slightly flexible

support and reduce friction within joints. It algpoovides structural
reinforcement.

Cartilage is a non-vascular tissue. As such, thendiocytes rely on
blood vessels in the tissue surrounding the cgdili@r nutrient supply
and waste removal.

Function

> Storage of energy

> Protection of organs

> Provision of structural framework for the body
> Connection of body tissues

> Connection of epithelial tissues to muscle fiber.
> supply of hormones all over the body
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fibroblasts

(d) Diagram: Dense us Photomicrograph: Dense fibrous connective
tissue from a tendon (500x).

Photomicrograph: Areolar connective tissue, a
soft packaging tissue of the body (330x).

Nuclei of
fat cells
3 Vacuole
A containing
Vacuole | = fat droplet
containing A R .
< ¥

fat droplet ;
\ ft Photomicrograph: Adipose tissue from the
(f) Diagram: Adipose subcutaneous layer beneath the skin (330x).

Copynght © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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3.3 Muscletissues

Muscle cells are highly specialized for contracsioBuch contractions
may result in the movement of the whole body owogipn of it, if the
muscles are attached to a movable part of the tskeldé the muscle is
located in the wall of a hollow organ, its contraos may cause the
contents of the organ to move, e.g. peristaltic @moent of material
through the digestive tract.

Several specific terms are used exclusively for afeugissue. For
example, muscle cells are called fibres; their ghtem is termed
sarcoplasm; and their cell membrane is referreastsarcolemma.

Three types of muscle tissue are distinguishedherbasis of structural,
functional and locational
Difference:skeletal or striated, smooth, and cardiac

‘ \; "K .'t-

Skeletal muscle Smooth muscle Cardiac muscle

Skeletal (Striated) Muscle

Skeletal muscles form the "flesh”; sometimes ref¢rto as the "red
meat" of an animal's body. They are attached tal, @sult in, the
movement of the bones of the skeleton. For exantpéebiceps brachii
and pectoralis are skeletal muscles. As the camraof the skeletal
muscles is under conscious control, they are aklted voluntary

muscles. A typical skeletal muscle cell is a highhpdified, giant,

multi-nucleate cell (fibre). Each fibre is cylindal in shape with blunt,
rounded ends. The flattened nuclei are located Ignatrthe periphery of
the cell, just inside the sarcolemma. The "croeped" (or striated)
appearance of light and dark banding results froenarrangement of
myofibrils, small protein contractile units embedde the sarcoplasm.
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Schematic representation of skeletal muscle
Smooth Muscle

Smooth muscle is abundant throughout the interrgares of the body
especially in regions such as the digestive tragtits contraction is not
under conscious nervous control, it is referredganvoluntary muscle.

Smooth muscle fibres are spindle-shaped structwits a prominent

centrally located nucleus. In comparison with stalenuscle fibres,

they are much shorter in length and they do notb&xktriations. The

cells occur as individual fibres within organs @& groups of fibres
closely interlaced in sheets or bands. Contractimnsmooth muscle
constrict (i.e narrow=reduce the diameter of) teesels they surround.
This is particularly important in the digestive ®m in which the action
of smooth muscle helps to move food along the gen@stinal tract as
well as breaking food down further. Smooth musdés® @ontributes to

moving fluids through the body and to the elimioatiof indigestible

matter from the gastrointestinal tract
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| Muscle cell

- Nucleus

Schematic representation of smooth muscle.
Cardiac Muscle

Cardiac muscle is a highly specialized tissesricted to the wall of
the heart. It is also an involuntary type of muscle, asctstraction is
not consciously controlled. Unlike smooth or stdhtfibres, cardiac
fibres tend to form long chains of cells which krarand intertwine
(sometimes described as Y-shaped). This arrangemesnolts in the
peculiar "wringing" action of the heart. The jumctiof one cell with
another in a particular chain is known as an iratiated disc and appears
as a heavy dark line running across the fibre. Eathhas a somewhat
cylindrical shape with one centrally-located, owalicleus. Cross-
striations are apparent but they are not as regudaras prominent as
those of skeletal muscle. The alternate contraciind relaxation of
cardiac muscle helps in pumping of blood throughttbart.
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Schematic representation of cardiac muscle.

3.5 Nervoustissues and membranes
Nervous Tissue

Nervous tissue is found in the brain, spinal caadd nerves. It is
responsible for coordinating and controlling margdy activities i.e

responsible for carrying out all the informatiogrglling in the body. It

stimulates muscle contraction, creates an awarerfdbg environment,
and plays a major role in emotions, memory, andaeag. To do all

these things, cells in nervous tissue need to leetaltommunicate with
each other by way of electrical nerve impulses. Thals in nervous

tissue that generate and conduct impulses aredcaélerons or nerve
cells. These cells have three principal parts:dinedrites, the cell body
(or “perikaryon”), and one axon. The main parttu cell, the part that
carries on the general functions, is the cell bodendrites are
extensions, or processes, of the cytoplasm thay capulses to the cell
body. An extension or process called an axon alngulses away
from the cell body.

Nervous tissue also includes cells that do notstranimpulses, but
instead support the activities of the neurons. &ha® the glial cells
(neuroglia cells), together termed the neurogliap@rting, or glia,
cells bind neurons together and insulate the neurd@ome are
phagocytic and protect against bacterial invasiamje others provide
nutrients by binding blood vessels to the neurons.
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Stimulus (input) Response (output)

Structure of a Typical Neuron

Dendrites Axon terminals

Cell body Node of ranvier

/) &

Schwann's cells

Axon Myelin sheath
Nucleus
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Components of the Nervous Tissue

The components of nervous tissue are specializethéoconduction of
electrical impulses, which allow communication amoother tissue
types. The major structural and functional "unit'nervous tissue is the
nerve cell called neuron. Each neuron is compoded cell body

containing a nucleus and one or more long cytoplasmmtensions
known as fibres. Highly branched fibres, called dtéas, bring

impulses toward the cell body, while a single, amghed fibre, the
axon, carries information away from the cell bodllge overall length of
a neuron, including dendrites, cell body and axuoay vary from less
than two centimeters to a meter or more.

A Neuron.
3.5.1 Membranes

Body membranes are thin sheets of tissue that dbeeoody, line body
cavities, and cover organs within the cavitiesofidw organs. They can
be categorized into epithelial and connective gssiembrane.

Epithelial Membranes

Epithelial membranes consist of epithelial tissuel dhe connective
tissue to which it is attached. The two main typss epithelial
membranes are the mucous membranes and serous anesbr

Mucous M embranes

Mucous membranes are epithelial membranes thaistarfsepithelial

tissue that is attached to an underlying loose eciive tissue. These
membranes, sometimes called mucosae, line the ¢edires that open
to the outside. The entire digestive tract is lineith mucous

membranes. Other examples include the respiratexgretory, and

reproductive tracts.
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Serous M embranes

Serous membranes line body cavities that do noh ajpesctly to the
outside, and they cover the organs located in thoasaties. Serous
membranes are covered by a thin layer of seroit that is secreted by
the epithelium. Serous fluid lubricates the membrand reduces
friction and abrasion when organs in the thoragicalbdominopelvic
cavity move against each other or the cavity wa#rous membranes
have special names given according to their lonattmr example, the
serous membrane that lines the thoracic cavity awers the lungs is
called pleura.

Connective Tissue Membr anes

Connective tissue membranes contain only connetisgee. Synovial
membranes and meninges belong to this category.

Synovial M embranes

Synovial membranes are connective tissue membrHrasline the
cavities of the freely movable joints such as theutder, elbow, and
knee. Like serous membranes, they line cavitiesdbanot open to the
outside. Unlike serous membranes, they do not havéayer of
epithelium. Synovial membranes secrete synoviat finto the joint
cavity, and this lubricates the cartilage on thdseof the bones so that
they can move freely and without friction.

Meninges

The connective tissue covering on the brain andasmord, within the
dorsal cavity, are called meninges. They providetgamtion for these
vital structures.

3.6 Clinical correlates

I I nflammation

Sometimes the inflammatory response lasts longes anore intense
than is desirable, and drugs are used to suppnessiiammation by
inhibiting the synthesis, release, or actions o€ tmediators of
inflammation. For example, the effects of histamiakeased in people
with hay fever are suppressed by antihistaminegiriisand related
drugs, such as ibuprofen and naproxen, are efteetnti-inflammatory
agents that relieve pain by preventing the synshesiprostaglandins
and related substances.
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. Meningitis

Meningitis can be defined as the inflammation & theninges which
can be caused by various organisms including baced viruses.

40 CONCLUSION

The body as a whole is made up of 4 types of tisgueh are epithelial
tissue, connective tissue, muscular tissue andoosrtissue. All these
types of are found in almost all the organs in kbey, and they work
together to make the living body function well.

5.0 SUMMARY
In this unit, you have learnt that:

I. The cell nucleus contains genetic material saglilates activities
of the cell. It determines how the cell will furast, as well as the
basic structure of that cell.

. All of the functions for cell expansion, gradwand replication are
carried out in the cytoplasm of a cell.

iii.  Tissue is a group of cells that have simikructure and that
function together as a unit. Primary types of badsues include
epithelial, connective, muscular, and nervousiiss

\Y2 Epithelial tissues form the covering of all dyosurfaces, line
body cavities and hollow organs, and are the m#gsue in
glands.

V. Connective tissues bind structures togethemfa framework
and support for organs and the body as a whotae sfat,
transport substances, protect against disease,hald repair
tissue damage.

Vi. Muscle tissue is composed of cells that hdneespecial ability to
shorten or contract in order to produce movemeéhbdy parts.
vii.  Nervous tissue is responsible for coordingtian controlling

many body activities.

viii. Body membranes are thin sheets of tissu¢ toaer the body,
line body cavities, and cover organs within theitoas in hollow
organs.

IX. Two main categories of body membranes arehefpal and
connective tissue membranes. Sub-categories inciudeous
membranes, serous membranes, synovial membraneas,
meninges.
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TUTOR MARKED ASSIGNMENTS

In the histology laboratory, study and identify tbdgferences
between the various types of epithelial, connectimuscle and
nervous tissues slides. Report your findings

Answer the following questions

Epithelial tissue

covers free body surfaces.

lacks blood vessels.

composes various glands.

is anchored to connective tissue by a basementbrane.
all of the above.

A tissue that covers a surface, is one celerdapick, and is
composed of flat cells is

simple squamous epithelium.

simple cuboidal epithelium.

simple columnar epithelium.

stratified squamous epithelium.

transitional epithelium.

Epithelium composed of two or more layers dfsosith only the
deepest layer in contact with the basement mersbsan
stratified epithelium.

simple epithelium..

pseudostratified epithelium.

columnar epithelium.

cuboidal epithelium

Simple squamous epithelium most likely
performs phagocytosis.

is involved with active transport.

secretes many complex lipids and proteins.
allows certain substances to diff use across it

Pseudostratified ciliated columnar epitheliurancbe found
lining the

digestive tract.

trachea.

thyroid gland.

kidney tubules.

urinary bladder.
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1.0 INTRODUCTION

We are constantly under attack by bacteria, fungyses and other
organisms. These invaders are calfaihogens. Our body is a rich

source of nutrients and water that these invadewdnto survive.

Amazingly we remain healthy most of the time. We abviously very

good at protecting ourselves. There are two majpeets to our defense
system — general and specific.

20 OBJECTIVES

At the end of this unit, you should be able to:

o Discuss the differences between the two major defesystems
of the body

o List the components of the general defense system

o List the components of the specific defense system

3.0 MAIN CONTENT

3.1 General defense system

The first parts of the general defense systemeakyrbarriers that stop
the pathogens from entering the body. These bartmr to stop all

pathogens therefore they are considened-specific defenses.The
physical barriers of our general defense system consist of:
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The Skin- prevents the entry of microorganisms and prevents
dehydration by reducing water loss from the bodyisla physical
barrier that stops pathogens.

Clotting- If the skin is broken the blood clot stops erdfyathogens.

Sebaceous and sweat glandss These produce chemicals that Kill
bacteria.

Lysozyme- This is in the saliva and the tear glands. IsKiacteria.

Mucous membranes- These secrete mucus which lines many body
parts. The mucous traps pathogens and preventsftbementering the
body.

Nasal hairs- These remove suspended micro-organisms fromithe a
Cilia- These small hairs beat to force mucus to the ywixarfor
swallowing to the stomach. Coughing helps in thecpss.

Hydrochloric acid- This is found in the stomach. It kills micro-
organisms.

The vagina- It contains bacteria that produtaetic acid that prevents
the growth of pathogens. Also the vagina haswapH to kill bacteria
as well asnucous membranes.

If pathogens do get past the physical barrierssezond line of defence
takes over. This is owgeneral defence system.

3.2 Componentsof general defense system
1. Phagocytes- These are white blood cells that engulf pathogens

They ingest the pathogen in the same way as theehm eats.
These were discussed in the blood web page.
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2.

3.3

Macrophages- These are large, longer living phagocytes. Some
move around the body and act as scavengers whiggsoremain

in a fixed place. There are many that are presewniur lymph
system.

Complement Defence Proteins- These are substances produced
by other protein or in response to the presendereign material

in the body and that triggers or participates icomplement
reaction. This is a reaction to the presence of a foreign
microorganism in which a series of enzymatic rieast triggered

by molecular features of the microorganism, resaltthe
bursting or engulfing of the pathogen.

Interferons- These are defence proteins that are produced by
body cells that are infected by a virus. Theyétdo nearby cells
and prevent the spread of the virus.

Inflammation- Cells that have been infected produce chemical
called histamine. This chemical causes the blcaypillaries to
dilate (get wider) and become more porous. Assalrgéhe area
swells, gets red, becomes warm, and is painfuis Tésults in
more white blood cells coming to the area to fitfle infection.

If the inflammation happens over the whole bodygeé afever.

The fever is the body’s way to combat bacteria anases. The
higher temperature inhibits the pathogen fromadpcing.

Specific defense system

This defence system is called the specific defesystem because the
system attacks specific invaders. This can happyethd production of
antibodies or by white blood cells engulfing a gatar pathogen

34

Components of specific system
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A. White Blood Cells- Lymphocytes and monocytes are produced in
the bone marrow. They then are transported by tbhedbto lymph
vessels, lymph nodes, the spleen or the thymusiglan

Monocytes - These are white blood cells that beconaerophages.
These are large white blood cells. They engulf dera. Once engulfed
part of the invader remains on the surface of theraphage. This is
called an antigen. Antibodies are produced to fafhfuture invaders.
Lymphocytes - Some attack body cells that havegans (parts of the
invader) on their surface. Other lymphocytes predamtibodies.

B. Antibodiess Lymphocytes produce antibodies as a result of
antigens. These are proteins in the group cattedunoglobulins. Each
antigen will only stimulate the production of on@esific antibody that
will fit into its receptor area. This is callesbtural active induced
immunity. It is protection gained against a particular pgdn by the
production of specific antibodies after the antigenthe pathogen has
been detected.

Cell .
membrane —

Nucleus | e {i \_:-;?—Antibodies

Lymphocyte ———==

Antibody  Antigen

.'[

A different antibady will
be made for this antigen

Pathogen
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These antibodies act in numerous ways:

a. Some bind to the antigens on the surface on theogans. This
preventsthe pathogen from entering the host cell.

b. Others cause the pathogens to clump together. Bytagothen
engulf the clumped pathogens.

C. Some antibodies activate tlemplement system which then
acts to burst the pathogen.

Antibodies
| 48
4 Pathogen

VY
Fe®

Antibodies attach to antigens Antibodies cause pathogens
{this prevents the pathogen to dump together
from entering a host cell)

Inactive complement
protein attaches

. Complement
Antibody yrotein activated
Antigen r :

O

Pathogen —8 A.‘L‘H‘ui! causes
\\\‘ pathogen cell to burst

Antibody activates complement protein

This antibody protection remains in our bodies. Whie same
pathogen invades the antibodies are quickly pradilsEausesome of
the lymphocytes from the previousinvasion are still present.

We may get various types of ailments although they appear to be
the same ailment as a previous one. That is bedhase are different
forms of the same ailment. An example is coldsfdp&nt pathogens
may produce colds. When that occurs our body mustiyce new
antibodies to attach to those specific antigens.
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Sometimes our antibody system works against uthigncase the body
produces antibodies against itselfl These conditioare called
autoimmune diseases. Rheumatoid arthritis and multiple sclerosis are 2
examples. Sometimes our bodies produce antibodgesnst non-
invaders. For some reason the body perceives ddsgsubstance to be
an invader. As a resudtlergies arise to particular substances.

C.  Artificial active immunity contrasts with natural active
immunity. In this type of immunity the person moculated with
a non-diseasing causing part of the pathogeregied part of the
pathogen or a dead pathogen) This will carry titegan that will
trigger the production of antibodies. This is edlhvaccination.
Genetic engineering is now producing antigens ttah be
inoculated into people. The antibodies form withaay risk to
the person.

Types of Vaccines

1. Preparation of the dead pathogen.

2. Preparation of the live but weakened pathogeanr{ot
reproduce).

3. Preparation of a close but relatively harmlesistive of the
pathogen.

4. Preparation of parts of the pathogen that daeyantigen.

The first vaccine was produced by Edward Jenner in 1796. He
discovered a vaccine that produced antibodies agamallpox.

D. Natural Passive Immunity occurs when a child gets antibodies
from the mother either before it is born or in thether’'s milk.
This type of immunity only lasts a few months.

E. Artificial Passive Immunity occurs when a person is injected
with antibodies made by another organism. A tedaghot is an
example. The antibodies are gotten from horsess ifimmunity
lasts only a short time.
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INDUCED IMMUNITY
Using antibodies to resist
specific diseases
Antibodies produced in the Antibodies from another crganism
person’s body enter the person’s body
1
{ 1
Pathogens enter the body The pathogen is introduced Antibodies enter a person Antibodies are injected
in a natural mannec into the body as a vaccine. in a natural manner. intoa person.
&g. catching a cold. eg. being immunised or e.g. antibodies cross the eg. anti-tetanus injections.
waccinated for polio. placenta into the foetus.

TYPESOF LYMPHOCYTES HIGHER LEVEL DISCUSSION

Lymphocytes are eithé3-cells or T-cells depending on where the cells
matured.B-cells mature in thebone marrow while T-Cells mature in
theThymusgland.

B-cells- B-cells work in the lymphatic system especially the spleen
and lymph nodes. Each B-cell works on 1 specific antigen therefore
produces only 1 type of antibody to that specifitigen. A B-cell will
come into contact with the antigen and then repredwpidly. These
rapidly produced cells are callgdasma cells. These last only a few
days but are extremely effective.

Bcells plasma
(each recognising a 5 EWEF: c::ﬂi
Macrophage different antigen) .

l The specific A
Bl multphes
> 3

Antibody binds

Antigens from pathogen to antigen

are displayed on the
macrophage

Plasma (B) cells

make antibodies

(Mote thit the gatibodies are ot draun to scale.)

Most of these B-cells die within a few days butesthremain alive.
They are calledMlemory B-cells. When the same antigen becomes
present in the organism these memory B-cells aeady there to begin
the production of plasma cells and antibodies. Tisiscalled a
secondary B-cell response. This is more effective than the original B-
cell response for the following reasons:

a. The antibodies are produced to a smaller anufuaritigen.
b. The antibodies are produced much faster.
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C.

More antibodies are produced than in the oaigiesponse.

T-cells- These defenders are produced in the bone marrowdmname
activated in the thymus gland. These cellslo not produce antibodies
but protect us in the following ways:

1.

Abnorma
cell

Helper T-cells. They recognise antigens on the surface of other
white blood cells, especialljnacrophages. The Helper T-cells
enlarge, multiply, andorm a group of Helper T-cells. This
group will produce chemicals including interfer@nd also
stimulate the formation oB-cells. They also stimulate the
reproduction oKiller T-cells.

Killer T-cells: These cells destroy abnormal body cells such as
virus-infected cells and cancer cells. As stateslipusly, they
are stimulated by Helper T-cells. These cellsastea protein
calledperforin. These proteins form pores in the membranes of
the cells they attack. Water and ions from thecaunrdings flow
into the cells and burst them. This is caligds.

| o
Antigen  Killer Group of Poresformdueto  Abnormal cell

killer T-cells perforin released gains water,

T-cells

n by killer T-cell swells and bursts
- fl
. /5 ,vJ L o - 5"' N ,
Jf‘—-é. 0 — {8520 — (K
/ Killer Tocell ,/ {ay o~ A
: ) RCOgNISS Antigen ' 13 v v (/\.l /\>
L . / Killer T<el '
) Helper T-cell stimulates el o
Normal cell comacttpe o Kiler
T-alsto multiply
3. Suppressor T-cells: As the same suggests, these cells suppress
or inhibit from workingafter the pathogen has been destroyed.
4, Memory T-cells. Many of these cells survive for life. They
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Whita blood cells formed in -,
bane marrow and active in
lymphatic tissus
CELLS
| Maturz in bone marrow Mature in thymus gland

| Move to lymph nodes

Eﬂﬂp_v[r-;ﬂi_ ’;;ﬂlr{ulls | Suppm_serallﬂ | Mmo?yT«lls

ecognise antigens ognise antigens | | Recognise antigens | | Recognise antigens

! AN

| Recognise antigens

Mast produce
es

|Some remain as Stimulate
[ memory celis B-cells

Cause abnormal Turn off immune| | Stmulate | | Stimulate
cells to burst Tesponses Becells | |killer T-cells

Stimulate
killer T-cells

3.5 Clinical correlates

Interferons may play a role in controlling cane because some
cancers are induced by viruses. Interferons aetirecrophages
and natural killer cells (a type of lymphocyte)hieh attack
tumor cells. Through genetic engineering, intenfsr are
produced in sufficient quantities for clinical usdong with other
therapies, they have been effective in treatingtaoe viral
infections and cancers. For example, interferorsuaed to treat
hepatitis C, a viral disorder that can cause osihand cancer of
the liver, and to treat genital warts, caused hg human
papillomavirus. Interferons are also approvedthertreatment of
Kaposi sarcoma, a cancer that can develop in Ad&ents.

Decreasing the production or activity of cyiloés can suppress
immunity. For example, cyclosporine, a drug useg@revent the
rejection of transplanted organs, inhibits the dpiion of
interleukin-2. Conversely, genetically engineergdrleukins can
be used to stimulate immunity. Administering itgekin-2 has
promoted the destruction of cancer cells in sorases by
increasing the activities of T cells.

A monaoclonal antibody is an antibody specific for one antigen
produced by a single clone of B cells. When thégan is
injected into a laboratory animal, it activatesBecell clone
against the antigen. The B cells are removed fltmranimal and
fused with tumor cells. The resulting hybridomdlscéave two
ideal characteristics: They divide to form largenbers of cells,
and the cells of a given clone produce only omel kif antibody.
Monoclonal antibodies are used for determininggpascy and
for diagnosing diseases, such as gonorrhea, sgphgpatitis,
rabies, and cancer. These tests are specificagnd because the
monoclonal antibodies bind only to the antigennbetested.
Monoclonal antibodies have been called “magicdisll because
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they may someday be used to treat cancer by delgzerugs to cancer
cells.

V. An allergy, or hypersensitivity reaction, is a harmful response
to an antigen that does not stimulate an adaptmeiune
response in most people. Immune and allergic iactinvolve
the same mechanisms, and the differences betwesn are
unclear. Both require exposure to an antigen amcukation of
antibody-mediated or cell-mediated immunity. lfnnanity to the
antigen is established, later exposure to thegantresults in an
immune response that eliminates the antigen, andymptoms
appear. In allergic reactions, the antigen isechtheallergen,
and later exposure to the allergen stimulates niheh same
processes that occur during a normal immune respomhe
processes that eliminate the allergen, howevesp a@roduce
undesirable side effects such as a strong inflawmyaeaction,
which can be more harmful than beneficial

40 CONCLUSION

Human system is having defence mechanism put icedia make sure
that the body is protected from pathogens thatiratbe environment.
The defence can be innate which is natural immumityite blood cells,
lymphocytes) or artificial immunity example vaccsne

50 SUMMARY
In this unit, you just learnt about the following:

I There are physical barriers that protect usresggathogens and
these include the skin, mucous membrane, nasa, ls@baceous
and sweat glands, clotting, lysozme e.t.c

. The components of the general defense systephagocytes,
macrophages, component defense proteins, inflalmmaind
interferons.

iii.  The components of the specific defense systeatural immunity
(white blood cells, lymphocytes) and artificial rmanity(
vaccines)

6.0 TUTOR MARKED ASSIGNMENTS
6.1 At the histology laboratory, under the microscopeamine the

lymphocytes, the components of the white bloodscahd their
defining properties. Report your findings in yéog book.
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6.2
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Answer the following question.

Which of the following statements is true?

The adaptive immune response is effective agdiacteria in
general.

Immunological memory is a characteristic ofatenimmunity.

In innate immunity, the response to a secomb®&xre to bacteria
is faster than the response to the first exposure.

Innate immunity is required for the initiati@amd regulation of
the adaptive immune response.

All of the above are correct.

Antigens.......

stimulate an adaptive immunity response.

are molecules common to groups of pathogerisareunot found
in human cells.

are produced by plasma cells.

all of the above.

Macrophages......

are usually the first cells to leave the bl@l enter infected
tissues.

develop from mast cells.

are permanent residents beneath the free ssrédd¢he body.
secrete cytokines that inhibit inflammation.

die and accumulate to form pus.

Dendritic cells

have almost all of the diff erent innate imntymeceptors.
are phagocytic cells.

secrete interferons.

activate adaptive immunity.

all of the above.

. Which of the following statements is true?

Natural killer cells are specialized to kiltexcellular pathogens.
Antibodies attach to mast cells, basophils, @v&lnophils.

Mast cells circulate in the blood and enteeatéd tissues.
Eosinophils are specialized to kill intracediupathogens.
Basophils inhibit inflammation.

7.0 REFERENCESAND OTHER RESOURCES
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MODULE 2 EMBRYOLOGY
Introduction

“The end of thing is better than the beginning’stis a true saying but in
certain scenarios, the beginning of a thing mighthe major factor to
be considered.

The life span is usually considered the period betwbirth and death;
however, the 9 months before birth are a criticalt pf a person’s
existence. What happens in these 9 months profguifiicts the rest of
a person’s life. Although most people develop ndiynand are born
without defects, approximately 3 out of every 1@@ple are born with a
birth defect so severe that it requires medicanditbtn during the first
year of life. Later in life, many more people digeo previously
unknown problems, such as the tendency to devedtipme, certain
brain disorders, or cancer.

Well, in this module, we will be discussing “thegoening” as | see it, a
very interesting and amazing topic called Embrywglog

Embryology (from Greek, embryon, the unborn, embemd, -logia) is
the science of the development of an embryo fromfentilization of the
ovum to the fetus stage. It may also refer to thmicture and
development of the embryo of a particular organism.

Module objective
At the end of this module, you should be able to:
I Discuss the human embryology from fertilizattorbirth

CONTENTS

UNIT 1 —Embryology terminology
UNIT 2 — Gametogenesis
UNIT 3 — Placenta formation and functions

UNIT 1 EMBRYOLOGY TERMINOLOGY
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Terminologies
3.2 Clinical correlates
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4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignments

7.0 References and other resources

1.0 INTRODUCTION

There are several terms commonly used in discussidrdeveloping
humans; several of these terms are used in thetdlmeeof Human
Prenatal Development. Most terms have Latin (L.) Greek (Gr.)
origins.

2.0 OBJECTIVES

In this unit, you will be able to define the varsoterminologies used in
embryology.

3.0 MAIN CONTENT
3.1 Terminology

Zygote: earliest development stage of embryo; formed wipemns and
egg fuse

Morula: compact ball of 16 cells formed on Day 3

Embryoblast: inner cell mass (ICM), aka pluriblast, which givese to
endoderm, ectoderm, and mesoderm

Trophoblast: cells forming outer layer of blastocyst (Day 4)rrs
placenta

Blastocoele:blastocyst cavity

Blastocyst: forms on Day 4; consists of trophoblast surrounding
blastocoele and embryoblast

Hypoblast: forms on Day 8 from inner cell mass; gives rise to
extraembryonic endoderm (e.g. yolk sac); cuboiddsc

Epiblast: forms on Day 8 from ICM; dorsal (above) the hypashla
columnar cells

Amniotic cavity: formed by end of Week 2 from epiblast cells
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Yolk sac: formed by end of Week 2 from hypoblast cells (vaiir
vestigial in humans, though perhaps early nutrétialue

Gastrulation: embryonic development phase whereby bilaminar germ
disc acquires a third germ layer. Sequence: (1) rgmlbecomes
asymmetric, (2) primitive streak forms, (3) celleorh epiblast at
primitive streak undergo epithelial to mesenchytrasition

Trilaminar germ disc: ectoderm, endoderm, mesoderm (arise during
gastrulation)

Primitive streak: formed in Week 3, initial event of gastrulation;
establishes bilateral symmetry in embryo

Primitive node: cephalic (rostral) end of primitive streak

Ectoderm: forms CNS, PNS, sensory epithelia of eye (retinaye and
ear, and epidermis

Endoderm: forms gut epithelial lining, cloaca (future uretheand
bladder), respiratory tract, tympanic cavity, patggma of thyroid,
parathyroids, liver, pancreas, and reticular strofmansils and thymus

Mesoderm: MESODERM (mnemonic): Mesothelium (peritoneal,
pleural, pericardial)/ Muscle (striated, smoothrda@c) Embryologic
Spleen/ Soft tissue/ Serous linings/ Sarcoma/ o@isseous tissue/
Outer layer of suprarenal gland (cortex)/ Ovarieardd Ducts of
genitalia Endothelium, Renal, Microglia/ Mesenchyriale gonad

Buccopharyngeal membrane: Thin membrane where ectoderm and
endoderm come into direct contact; forms septunwéen primitive
mouth and pharynx

Cloacal membrane: Thin membrane where ectoderm and endoderm
come into direct contact; forms anal-urogenticarapg

Prochordal plate: condensation of mesoderm cells extending rostrally
from the primitive node in the midline

Cardiogenic plate: originally exists at most anterior end of trilanmina
germ disk, but will fold ventrally and develop irttee heart

Notochord: derived from mesoderm, notochord becomes vertebral
column to provide axial support
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Allantois: connecting stalk; helps embryo exchange gases andlé
liquid waste; vestigial in humans (like yolk sac)

Cloaca: posterior opening that serves as opening for imtst
reproductive, and urinary tracts

Lateral folding: transforms embryo from three flat germ layers to
cylinder with tube of endoderm (gut) in the center

Cephalocaudul folding: cephalic and caudal ends of three-layered germ
disc fold ventrally, most notably bringing heargi@ down to thoracic
region

Neurulation: Week 4 process in which flat neural ectoderm ropsto
become neural tube; upon completion the brain godak cord have
been formed

Neural tube: embryonic precursor to central nervous system

Neural ectoderm: aka neural plate, includes neural crest cells and
neural tube

Placodes:surface ectodermal thickenings that contributeotonftion of
epithelium, ear and eye

Neural crest cells: specialized cells that form skin pigment cells,
ganglia of autonomic nervous system, dorsal roomgh@, facial
cartilage, spiral septum of developing heart, giliaody of the eye, and
adrenal medulla

Mesenchyme: middle germ layer composed of both mesoderm and
ectoderm (e.g. the neural crest cells)

Paraxial mesoderm:formed during Week 4; organized into segmented
units called somites

Somites:segmental units added on a cranial to caudal mantare a
good indicator of precise embryonic age

Sclerotome:somite that becomes future axial skeleton

Dermomyotome: somite that becomes future skeletal muscle and
dermal components

Intermediate mesoderm:forms urogenital system; bridges paraxial and
lateral plate mesoderm
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Lateral plate mesoderm: two layers: somatic/parietal mesoderm and
splanchnic or visceral mesoderm

Visceral mesoderm:layer continuous with mesoderm covering yolk
sac; forms wall of gut

Parietal mesoderm: layer continuous with mesoderm covering the
amnioin; forms parietal pleura and peritoneum

Coelemic cavity: potential space between visceral and parietal
mesoderm

Vitelline duct: long, narrow tube that joins yolk sac to midgut &mof
developing fetus. Appears at end of fourth week ramanally closes by
week VI (VI telline)

Foregut: anterior part of alimentary canal, from mouth tcodenum
(esophagus, stomach, duodenum, liver, gallblag@dargreas, spleen)

Midgut: part of alimentary canal (forms intestines) betwémegut (at
opening of bile duct) and hindgut. Includes lagarts of duodenum,
jejunum, ileum, cecum, appendix, ascending colapakic flexure of
colon, transverse colon (proximal 2/3)

Hindgut: posterior (caudal) part of alimentary canal; inesidlistal 1/3
of transverse colon, splenic flexure, descendinigrgosigmoid colon
and rectum

Homeobox: highly conserved DNA region that codes for homeoaiom
proteins that are crucial for embryonic development

Hox combinational code:phrase used to describe association between
segmentation in developing embryo and unique coations of
overlapping Hox gene expression

Teratogen: substance that causes abnormality in physiological
development

Embryonic period: from conception (zygote formation) to the third
month of development.

Fetal period: from third month of development to birth (266 daogsst-
fertilization): total of about 6 months.
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3.2 Clinical correlates

During the first 2 weeks of development, the embsyquite resistant to
outside influences that may cause malformationstdfa that adversely
affect the embryo at this age are more likely tbikiBetween 2 weeks
and the next 4-7 weeks (depending on the struconsidered), the
embryo is more sensitive to outside influence tieatse malformations
than at any other time.

4.0 CONCLUSION

Embryology is the study of human development, ketaare of events
that occur from fertilization to delivery. We loak the terms that are
used to describe this process.

5.0 SUMMARY

In this unit, you have learnt about the definitioo the various
terminologies used in embryology ranging from Zygut fetal period.

6.0 TUTOR MARKED ASSIGNMENTS

6.1 At the embryology/ anatomy museum, identify the atgg
morula and the trilaminar germ discs. Record yfodings in
your log book.

6.2 Define the following terms:

a. Morula

b. Embryonic period

C. Teratogen

d. Fetal period

e. Trilaminar germ discectoderm, endoderm, mesoderm (arise

during gastrulation)

7.0 REFERENCES/FURTHER READING
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UNIT 2 GAMETOGENESIS
CONTENTS

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Spermatogenesis
3.2 Oogenesis
3.3 Embryogenesis
3.4 Organogenesis
3.5 Clinical correlates
4.0 Conclusion
50 Summary
6.0  Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

Gametogenesis is the process of forming gameteddtyition haploid,
n) from diploid cells of the germ line. Spermatogegis is the process of
forming sperm cells by meiosis (in animals, by migoin plants) in
specialized organs known as gonads (in males #weséermed testes).
After division the cells undergo differentiation b@come sperm cells.
Oogenesis is the process of forming an ovum (egg)mieiosis (in
animals, by mitosis in the gametophyte in plans$pecialized gonads
known as ovaries.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

Discuss the process of Spermatogenesis
Discuss the prevention of polyspermy
Discuss the process of oogenesis
Discuss the process of organogenesis

3.0 MAIN CONTENT

3.1 Spermatogenesis
Sperm production begins at puberty at continuesutjttout life, with

several hundred million sperm being produced eah @nce sperm
form they move into the epididymis, where they matand are stored.
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Human Sperm (SEM x5,785). This image is copyright

Dennis Kunkel at, used with permission.

3.2 0Oogenesis

Whereas in spermatogenesis all 4 meiotic produaseldp into
gametes, oogenesis places most of the cytoplasnhatlarge egg. The
other cells, the polar bodies, do not develop. Timplies that all the
cytoplasm and organelles go into the egg. Humanesngroduce
200,000,000 sperm per day, while the female proslooe egg (usually)
each menstrual cycl@he ovary contains many follicles composed of a
developing egg surrounded by an outer layer ofcfellcells. Each egg
begins oogenesis as a primary oocyte. At birth daaale carries a
lifetime supply of developing oocytes, each of whis in Prophase I. A
developing egg (secondary oocyte) is released macith from puberty
until menopause, a total of 400-500 eggs.
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Fertilization in Animal Development The main function of
fertilization is tocombine the haploid sets of chromosomes from two
individuals into a single diploid cell the zygote. In addition,
fertilization activates the egg. Egg activationdi® entry by additional
sperm, stimulates the final meiotic division, amdgers the onset of
embryonic development.

Acrosomal Reaction

Theacrosomeis the tip of the sperm head. Therosomal reactionis a
change in the sperm that is common to many animals.

(1) Receptor proteinsin the sperm plasma membrane contact the
jelly coat (vitelline layer). This contact betwerateptor proteins
and the jelly coat (vitelline layer) causes theroaomal
membrane to dissolve, releasing acrosomal enzymes.

(2) In the egg, Na+ channels open in the plasmanbnene,
normally, Na+ concentration is higher outside el than
inside. So Na+ ions flow down their gradient ithe egg and the
plasma membrane depolarizes (positive chargesratizat the
more negative charge inside the egg cytoplasm.)s Th
depolarization causes the fast block to polyspermy

(3) The depolarization (neutralization of chargéedence) causes
voltage-sensitive Ca2+ channels to open in theesgipplasmic
reticulum (ER).
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4)

(5)

(6)

(7)

Digestive enzymes from thecrosomal vesicledigest the jelly
coat and vitelline membrane. Ca2+ also activatéa#&:H+ ion
exchanger, which pumps H+ out of the cell, indraps
intracellular pH. This pH change causes the pohzagon of
actin subunits into microfilament cables that thrust acrosomal
processes toward the egg plasma membrBiredin released
from the acrosomal vesicle coats the acrosomalgss

The increase in intracellular calcium causedewto enter the
cell, increasing hydrostatic pressure. This aidthe extension of

the acrosomal process. At last the acrosome fughsthe egg's

plasma membrane. The sperm head now has accefiseto
cytoplasm.

The Ca2+ moves in a wave across the cell. This+ results in
the fusion ofcortical vesicleswith the egg plasma membrane,
releasing their contents into the space surrogntia egg, called
the perivitelline space. This raises the vitellimembrane, and
inactivates binding receptors on the vitelline rbeame. Thus,
any additional sperm are released from the wuitelimembrane
and no more bind.

The sperm head now enters the cytoplasm, wihéwens a male
pronucleus. The pronucleus fuses with the egg noscle
regenerating 2N chromosomes. Mitosis (first cleayathen
occurs. Fertilization is complete.

After making its way through the jelly coat, theesm makes contact
with the vitelline envelope. Species-specific birglireceptors on the
vitelline envelope are only able to recognize hmgdmnolecules from the
same species. Thidotk and key' mechanism ensures that eggs are
fertilized only by sperm of the same species. Afteaiking its way
through the vitteline envelope, the sperm and dggnpa membranes
fuse, and the sperm nucleus enters the cytoplasheafgg.
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Gametogenesis. Images from Purves et al, Life:St¢ience of Biology,
4th Edition, by Sinauer Associates and WH Freemased with
permission.

Preventing polyspermy:

Although many sperm attach to the coats surroundngg egg, it is
important thabnly one spermfuses with the egg plasma membrane and
delivers its nucleus into the egg. Two mechanisrasuaed by animals
to ensure that only one sperm fertilizes a giveg: ¢ge fast block to
polyspermy and the slow block to polyspermy.
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Fast block to polyspermy:The fast block to polyspermy involves the
opening of Na+ channels in the egg plasma membidae.flows into
the egg celldepolarizing the membrane. This depolarization prevents
additional sperm from fusing to the egg plasma nramd. The egg
plasma membrane is restored to its normal -70m\éemat within
minutes of fusion as the Na+ channels close, athens flow out of the
cell, and Na+ is pumped out. If depolarization ievyented, polyspermy
occurs - but how depolarization blocks polyspernsy not yet
understood.

Slow block to polyspermy:

The slow block to polyspermy begins within 10 setof fusion of the
sperm and egg plasma membranes. A compound catiedital
triphosphate (IP3) causes the releas€af+ from intracellular stores in
the egg endoplasmic reticulum. Ca++ is first redglast the site of
sperm entry, and during the next minute, a wavéred Ca++ passes
through the egg. This Ca++ results in the fusionasfical vesicleswith
the egg plasma membrane, releasing their conterits the space
surrounding the egg, called the perivitelline spachis raises the
vitelline membrane, and inactivates bindin recepton the vitelline
membrane. Thus, any additional sperm are released the vitelline
membrane and no more bind.

Egg activation

Ca++ release at fertilization results in an inceeas metabolic activity
within the egg, apparently due to an increase énititracellular pH of
the egg. Diacyl gycerol (DAG) causes protein phosglation cascades
to be initiated, with one result being the phospladion and activation
of a plasma membrane Na+:H+ ion exchanger. Na-tmsped into the
cell, H+ is pumped out of the cell, and the pHdiesthe cell increases.
Sperm themselves are NOT required for egg actimatiinjection of
Ca++ can artificially induce egg activation in maspecies.

Cortical rotation

Positional information is already contained witlimany eggs, with the
exception of mammals. Egg polarity is due to the/mnasetric
distribution of cytoplasmic molecules, including MRs, proteins, and
yolk, and is roughly oriented along the anteriosfgoior axis in most
animals.
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Cleavage

In embryologycleavagess the division of cells in the early embryo. The
zygotes of many species undergo rapid cell cyclis mo significant
growth, producing a cluster of cells the same azéhe original zygote.
The different cells derived from cleavage are chltdastomeres and
form a compact mass called the morula. Cleavages emith the
formation of the blastula.

Depending mostly on the amount of yolk in the ebg,cleavage can be
holoblastic (total or entire cleavage) aneroblastic (partial cleavage).
The pole of the egg with the highest concentratibgolk is referred to
as the vegetal pole while the opposite is refetoeak the animal pole.

Cleavage differs from other forms of cell divisionthat it increases the
number of cells without increasing the mass. Theans that with each
successive subdivision, the ratio of nuclear tooplsmic material
increases.

There are several differences between the cleavagelacental
mammals and the cleavage in other animals. Mamhaale a slow rate
of division that is between 12 and 24 hours. Thesdkilar divisions are
asynchronous. Zygotic transcription starts at we tfour-, or eight-cell
stage. Cleavage is holoblastic and rotational.

At the eight-cell stage, the embryo goes througheschanges. Most of
the blastomeres in this stage become polarized dgecklop tight

junctions with the other blastomeres. This procésads to the
development of two different populations of celRolar cells on the
outside and apolar cells on the inside. The outdls,ccalled the
trophoblast cells, pump sodium in from the outswleich automatically
brings water in with it to the basal (inner) sudgdao form a blastocoel
cavity in a process called compaction. The embs/mow called a
blastocyst. The trophoblast cells will eventuallyey rise to the

embryonic contribution to the placenta called tih®rion. The inner
cells are pushed to one side of the cavity (becélnseembryo isn't
getting any bigger) to form the inner cell massM)Gand will give rise

to the embryo and some extraembryonic membranethig\istage, the
embryo is called a blastocyst.
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3.3 Embryogenesis

Embryogenesisis the step in the life cycle after fertilisation the
development of the embryo, starting from the zygdeetilised egg).
Organisms can differ drastically in how the embdgvyelops, especially
when they belong to different phyla. For examplenbeyonal
development in placental mammals starts with clgavaf the zygote
into eight uncommited cells, which then form a edbrula). The outer
cells become the trophoblast, which will form inndmnation with
maternal uterine endometrial tissue the placengeded for fetal
nurturing via maternal blood, while inner cells bew the inner cell
mass that will form all fetal organs (the bridgeviEen these two parts
eventually forms the umbilical cord).

Patterning is important for determining which cells developoinvhich
organs. This is mediated by signaling between adjacells by proteins
on their surfaces, and by gradients of signalingeted molecules. An
example is retinoic acid, which forms a gradienttle head to tail
direction in animals. Retinoic acid enters celld ativatedHox genes
in a concentration-dependent manner — Hox gendsrdif how much
retinoic acid they require for activation and whius show differential
rostral expression boundaries, in a colinear fashvih their genomic
order. As Hox genes code for transcription factthis causes different
activated combinations of both Hox and other gemresdiscrete
anteroposterior transverse segments of the naual (heuromeres) and
related patterns in surrounding tissues, such aschral arches, lateral
mesoderm, neural crest, skin and endoderm, inehd to tail direction.
This is important for e.g. the segmentation ofsphme in vertebrates.

Growth

Growth is the enlargement of a tissue or organiGmawth continues
after the embryonal stage, and occurs through petlliferation,

enlargement of cells or accumulation of extracaluhaterial. In plants,
growth results in an adult organism that is stgkyndifferent from the
embryo. The proliferating cells tend to be distifrcim differentiated
cells. In some tissues proliferating cells are rretstd to specialised
areas, such as the growth plates of bones. But stanecells migrate to
where they are needed, such as mesenchymal stésnwdgth can
migrate from the bone marrow to form e.g. musclenebor adipose
tissue. The size of an organ frequently determitsegrowth, as in the
case of the liver which grows back to its previaige if a part is
removed. Growth factors, such as fibroblast grofattors in the animal
embryo and growth hormone in juvenile mammals, aleatrol the

extent of growth.
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3.4 Organogenesis

During organogenesis, the three germ layers oethkryo differentiate

and further specialize to form the various orgdithe body.
Neural plate border Neural plate Epidermis

Convergence f‘ - \

Neural fold

Epidermis

a <=

Neural tube

Neural tube formation

The central region of the ectoderm forms the netuiaé, which gives
rise to the brain and the spinal cord.

Organogenesis is the process by which the threm ¢issue layers of
the embryo, which are the ectoderm, endoderm, aagbderm, develop
into the internal organs of the organism. Organmsnférom the germ
layers through the differentiation: the process Wwhich a less-
specialized cell becomes a more-specialized cp#.tyrhis must occur
many times as a zygote becomes a fully-developgdnism. During
differentiation, the embryonic stem cells expregssctic sets of genes
which will determine their ultimate cell type. Fexample, some cells in
the ectoderm will express the genes specific ta skils. As a result,
these cells will differentiate into epidermal cell$erefore, the process
of differentiation is regulated by cellular sigmajicascades.

In vertebrates, one of the primary steps duringaoogenesis is the
formation of the neural system. The ectoderm foemishelial cells and
tissues, as well as neuronal tissues. During th@dton of the neural
system, special signaling molecules called groweittdrs signal some
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cells at the edge of the ectoderm to become epideomlls. The
remaining cells in the center form the neural pl#tehe signaling by
growth factors were disrupted, then the entire dstmm would
differentiate into neural tissue. The neural platelergoes a series of
cell movements where it rolls up and forms a tuddéed the neural tube.
In further development, the neural tube will givgerto the brain and the
spinal cord.

The mesoderm that lies on either side of the veatelneural tube will
develop into the various connective tissues ofathienal body. A spatial
pattern of gene expression reorganizes the mesoddgongroups of
cells called somites, with spaces between them.sbhates will further
develop into the ribs, lungs, and segmental (spimejscle. The
mesoderm also forms a structure called the notaghehich is rod-
shaped and forms the central axis of the animaybod

The endoderm consists, at first, of flattened cellsich subsequently
become columnar. It forms the epithelial lining thie whole of the
digestive tube (except part of the mouth and phgramd the terminal
part of the rectum (which is lined by involutionistibe ectoderm). It also
forms the lining cells of all the glands which opemo the digestive
tube, including those of the liver and pancreas; épithelium of the
auditory tube and tympanic cavity; the tracheanbhp, and air cells of
the lungs; the urinary bladder and part of thehuegtand the follicle
lining of the thyroid gland and thymus. Additionglithe endoderm
forms internal organs including the stomach, thorcothe liver, the
pancreas, the urinary bladder, the epithelial paftsachea, the lungs,
the pharynx, the thyroid, the parathyroid, anditibestines.

Vertebrate Axis Formation

Even as the germ layers form, the ball of cell$ sgtains its spherical
shape. However, animal bodies have lateral-medmvard the side-
toward the midline), dorsal-ventral (toward the lémward the belly),
and anterior-posterior (toward the front-toward treck) axes. As the
body forms, it must develop in such a way thatsgdissues, and organs
are organized correctly along these axes.

How are these established? In one of the most se@mxperiments ever
to be carried out in developmental biology, Spemami Mangold took
dorsal cells from one embryo and transplanted timonthe belly region
of another embryo. They found that the transplamedbryo now had
two notochords: one at the dorsal site from thgioail cells and another
at the transplanted site. This suggested that twsatl cells were
genetically programmed to form the notochord anfindethe dorsal-
ventral axis. Since then, researchers have idedtilany genes that are
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responsible for axis formation. Mutations in thgeaes leads to the loss
of symmetry required for organism development. Mahyhese genes
are involved in the Wnt signaling pathway.

In early embryonic development, the formation & grnimary body axes
is a crucial step in establishing the overall bpthn of each particular
organism. Wnt signaling can be implicated in thenfation of the
anteroposterior and dorsoventral axes. Wnt siggalstivity in anterior-
posterior development can be seen in several @geniincluding
mammals, fish, and frogs. Wnt signaling is alsoolmed in the axis
formation of specific body parts and organ systéhat are a part of
later development. In vertebrates, sonic hedgeh®igh)( and Wnt
morphogenetic signaling gradients establish thea@antral axis of the
central nervous system during neural tube axialepaihg. High Wnt
signaling establishes the dorsal region while hi§hh signaling
indicates in the ventral region. Wnt is also invemvin the dorsal-ventral
formation of the central nervous system througlnslvement in axon
guidance. Wnt proteins guide the axons of the $poia in an anterior-
posterior direction. Wnt is also involved in therf@tion of the limb
dorsal-ventral axis. Specifically, Wnt7a helps proel the dorsal
patterning of the developing limb.

4.0 CONCLUSION

Gametogenesis is the process by which sperm callstes are
produced in male and female adults respectively #o cells fused
together in fertilization.

50 SUMMARY
In this unit, you have learnt that:

I Sperm production begins at puberty at continthesughout life,
with several hundred million sperm being produeadh day.

. In the process of oogenesis, the ovary costairany follicles
composed of a developing egg surrounded by arr dayer of
follicle cells. Each egg begins oogenesis asragmy oocyte.

iii. Fertilization combines the haploid sets of@mosomes from two
individuals into a single diploid cell, the zygotk addition,
fertilization activates the egg. Egg activatiorodds entry by
additional sperm, stimulates the final meiotic ision, and
triggers the onset of embryonic development.
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\2

V.
Vi.

6.0

6.1

6.2

1.

The process of acrosomal reaction which iBange in the sperm
that is common to many animals.

Prevention of polyspermy — fast block and shdack.

In embryogenesis, Patterning is importantdetermining which
cells develop into which organs.

TUTOR MARKED ASSIGNMENTS

At the anatomy/ embryology museum, identify thefediént
stages in the fertilization process and obsereectiaracteristics
of each process. Record your findings in yourldogk.

Answer the following questions.

Given these structures:

(1) blastocyst (2) morula (3) zygote

Choose the arrangement that lists the structureglenorder in which
they are formed during development.

®oO0T®

1,2,3
1,3,2
2,3,1
3,1,2
3,2,1

2. The embryonic disk develops from the

apop

w

oo hr~,aoaoop

inner cell mass
trophoblast.
blastocyst cavity.
yolk sac.

The placenta

develops from the trophoblast.

allows maternal blood to mix with embryonic duio
invades the lacunae of the embryo.

all of the above.

The embryonic disk

forms between the amniotic cavity and the gal&k.
contains the primitive streak.

becomes a three-layered structure.

all of the above.
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5. The brain develops from

ectoderm.

endoderm.

mesoderm.

Most of the skeletal system develops from
ectoderm.

endoderm.

mesoderm.

copooTyY

7. Given these structures:
(1) neural crest (2) neural plate (3) neural tube

Choose the arrangement that lists the structutieeimrder in which they
form during development.

a. 1,2,3
b. 1,3,2
C. 2,1,3
d. 2,3,1
e. 3,2,1
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1.0 INTRODUCTION

The placenta is an organ that connects the developing fetushéo t
uterine wall to allow nutrient uptake, waste eliation, and gas
exchange via the mother's blood supply. Placentas aa defining

characteristic of eutherian or "placental” mammals,

The wordplacentacomes from the Latin word fatake from Greek
plakoenta/plakountaaccusative of “flat, slab-like", in reference its
round, flat appearance in humans. The classicahlpisiplacentae but

the formplacentass common in modern English and probably has the
wider currency at present. In pre-Roman languafjésbal cultures, the
placenta is often referred to as the "little mother "grandmother,”
reflective of cultural values that revered the hgstery inherent in the
childbearing process which bears fruit in the faia child.

The placenta functions as a fetomaternal organ tth components:
the fetal placenta (Chorion frondosum), which develops from the same
blastocyst that forms the fetus, and tmaternal placenta (Decidua
basalis), which develops from the maternal utetissue.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o Discuss classification of placenta
o Discuss the structure of placenta
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o describe the functions of the placenta
3.0 MAIN CONTENT

3.1 Placental Classification

Classification of placenta is on the basis of higjial (microscopic)
structural organization and layers between fetdlraaternal circulation.

Three main groups:

1. Haemochorial - placenta where the chorion comes in direct
contact with maternal blood (human).

2. Endotheliochorial - maternal endometrial blood vessels are bare
to their endothelium and these comes in contattt thie chorion
(dogs, cats).

3. Epitheliochorial - maternal epithelium of the uterus comes in
contact with the chorion, considered as primit(péys, cows,
horse).

Two characteristics are particularly divergent afmim bases for
classification of placental types:

1. The gross shape of the placenta and the difitib of contact
sites between fetal membranes and endometrium.

2. The number of layers of tissue between matesaral fetal
vascular systems.

Differences in these two properties allow clasatiien of placentas into
several fundamental types.

Classification Based on Placental Shape and Contaebints

Examination of placentae from different species esds striking
differences in their shape and the area of cortativeen fetal and
maternal tissue:

> Diffuse: Almost the entire surface of the allantochoria i
involved in formation of the placenta. Seen indasrand pigs.

> Cotyledonary: Multiple, discrete areas of attachment called
cotyledons are formed by interaction of patcheall@intochorion
with endometrium. The fetal portions of this typieplacenta are
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called cotyledons, the maternal contact sites (cdes), and the
cotyledon-caruncle complex a placentome. This ypplacentation is
observed in ruminants.

> Zonary: The placenta takes the form of a complete ornrmgete
band of tissue surrounding the fetus. Seen inivanes like dogs
and cats, seals, bears, and elephants.

> Discoid: A single placenta is formed and is discoid inpgha
Seen in primates and rodents.

| Epitheliochorial || Endotheliochorial | |Hemochorial |

L) &
RS e

g&zflv"'

cow, pig
horse

dog, cat human, rodents

In humans, fetal chorionic epithelium is bathed nraternal blood
because chorionic villi have eroded through mateemalothelium. In
contrast, the chorionic epithelium of horse and fetuses remains
separated from maternal blood by 3 layers of tis€ree might thus be
tempted to consider that exchange across the eglatenta is much
less efficient that across the human placenta. darse this is true, but
other features of placental structure make up Herextra layers in the
diffusion barrier.

Type of Placenta Common Examples

Diffuse, epitheliochorial Horses and pigs

Cotyledonary, epitheliochorial | Ruminants (cattle, sheep, goats,

deer)
Zonary, endotheliochorial Carnivores (dog, cat, ferret)
Discoid, hemochorial Humans, apes, monkeys and
rodents
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3.2  Structure of placenta

In humans, the placenta averages 22 cm (9 inctjammeter and 2—-2.5
cm (0.8-1 inch) in thickness, with the center bdimg thickest, and the
edges being the thinnest. It typically weighs agpnately 500 grams (1
Ib). It has a dark reddish-blue or crimson colbrcdnnects to the fetus
by an umbilical cord of approximately 55-60 cm (22-nch) in length,
which contains two umbilical arteries and one uiodll vein. The
umbilical cord inserts into the chorionic plate shan eccentric
attachment). Vessels branch out over the surfacthefplacenta and
further divide to form a network covered by a thayer of cells. This
results in the formation of villous tree structur@n the maternal side,
these villous tree structures are grouped intol&sbogalled cotyledons.
In humans, the placenta usually has a disc shajpesize varies vastly
between different mammalian species.

Term Placenta

Fetal side Maternal side

Development

The placenta begins to develop upon implantatiothefblastocyst into

the maternal endometrium. The outer layer of tlastocyst becomes the
trophoblast, which forms the outer layer of thecplata. This outer layer
is divided into two further layers: the underlyiogtotrophoblast layer

and the overlying syncytiotrophoblast layer. Thacgyiotrophoblast is

a multinucleated continuous cell layer that covérs surface of the
placenta. It forms as a result of differentiationdafusion of the

underlying cytotrophoblast cells, a process thattiooes throughout

placental development. The syncytiotrophoblast diatiise known as

syncytium), thereby contributes to the barrier tiorcof the placenta.
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The placenta grows throughout pregnancy. Developwiethe maternal
blood supply to the placenta is complete by the @ntie first trimester
of pregnancy (approximately 12—-13 weeks).

Inner cell
Dmarhndv

pronuciei

blastocoetic
cavity

*'5-

nqllceu
Junction

?nna
blastomere

Day 1: Fertilisation Day 2: Cleavage Day 3: Compaction Day 4: Differentiation Day 5: Cavitation

utering

disc

Day 12: Bilaminar Day 9: cell mass Day 7: Implantation

disc formation differentiation
amniotic sac traphoectoderm

exocoelom

mesoderm endoderm
Day 12: Mesoderm formation Day 18: Mesoderm spreading Day 23: Amniotic sac enlargment

The initial stages of human embryogenesis.

Maternal placental circulation

In preparation for implantation of the Dblastocydhe uterine
endometrium undergoes "decidualisation”. Spiradrées in decidua are
remodeled so that they become less convoluted lagid diameter is
increased. The increased diameter and straighter flath both act to
increase maternal blood flow to the placenta. Thhatively high
pressure as the maternal blood fills intervilloymee through these
spiral arteries bathes the fetal villi in bloodloaling an exchange of
gases to take place. In humans and other hemotlpdaieentals, the
maternal blood comes into direct contact with thlf chorion, though
no fluid is exchanged. As the pressure decreasegebr pulses, the
deoxygenated blood flows back through the endosaieteins.

Maternal blood flow is approximately 600—-700 ml/raitnterm.
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Stratum spongiosum
Limiting or boundary layer Placental septum
Maternal vessels

]Trap}whhzst

dmnion Umbilical arleries —U-
Chorion Umlnlical vein
Umbilical cord _I{:’ ~
Marginal sinus <ﬂ “q, J

Maternal blood fills the intervillous space, nuirie, water, and gases
are actively and passively exchanged, then deoxatgdnblood is
displaced by the next maternal pulse.

Feto-placental circulation

Deoxygenated fetal blood passes through umbilictérias to the
placenta. At the junction of umbilical cord and qaata, the umbilical
arteries branch radially to form chorionic arteri€horionic arteries, in
turn, branch into cotyledon arteries. In the viligse vessels eventually
branch to form an extensive arterio-capillary-ven@ystem, bringing
the fetal blood extremely close to the maternalo@jobut no
intermingling of fetal and maternal blood occurgldtental barrier").

Endothelin and prostanoids cause vasoconstrictigulacental arteries,
while nitric oxide vasodilation. On the other hariere is no neural
vascular regulation, and catecholamines have dtiyy éffect.

3.3 Functions of the placenta
Nutrition

The perfusion of the intervillous spaces of thecetda with maternal
blood allows the transfer of nutrients and oxygemtthe mother to the
fetus and the transfer of waste products and cadimxide back from
the fetus to the maternal blood supply. Nutrieainsfer to the fetus
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occurs via both active and passive transport. Actransport systems
allow significantly different plasma concentration$ various large
molecules to be maintained on the maternal and fBtles of the
placental barrier.

Adverse pregnancy situations, such as those inwplmaternal diabetes
or obesity, can increase or decrease levels ofemtitiransporters in the
placenta resulting in overgrowth or restricted gitowf the fetus.

Excretion

Waste products excreted from the fetus such as, wmea acid, and
creatinine are transferred to the maternal bloodliffysion across the
placenta.

Immunity

IgG antibodies can pass through the human plactreeby providing
protection to the fetum utera This transfer of antibodies begin as early
as the 20th week of gestational age, and certayye 24th week. This
passive immunity lingers for several months aftethbthus providing
the newborn with a carbon copy of the mother's {targn humoral
immunity to see the infant through the crucial tfinmonths of
extrauterine life. IgM, however, cannot cross tkecenta, which is why
some infections acquireduring pregnancy can be hazardous for the
fetus.

Furthermore, the placenta functions as a seleatiaternal-fetal barrier
against transmission of microbes. However, insigficy in this
function may still cause mother-to-child transnossiof infectious
diseases.

Endocrine function

In humans, aside from serving as the conduit fogrger and nutrients
for fetus, the placenta secretes, from the syncldiger of chorionic
villi, hormones that are important during pregnancy

Human Chorionic Gonadotropin (hCG): The first placental hormone
produced is hCG, which can be found in maternabdbland urine as
early as the first missed menstrual period (shatigr implantation has
occurred) through the 100th day of pregnancy. Titishe hormone
analyzed by pregnancy test; a false-negative r&sult a pregnancy test
may be obtained before or after this period. Wométdod serum will

be completely negative for hCG by one to two weaksr birth. hCG
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testing is proof that all placental tissue is deled. hCG is present only
during pregnancy because it is secreted by theeptac

HCG also ensures that the corpus luteum continwessedcrete
progesterone and estrogen. Progesterone is verpriamp during
pregnancy because, when its secretion decreagesnttometrial lining
will slough off and pregnancy will be lost. hCG pugsses the maternal
immunologic response so that placenta is not regect

Human Placental Lactogen (hPL [Human Chorionic
Somatomammotropin]): This hormone is lactogenic agbwth-

promoting properties. It promotes mammary glandviindn preparation
for lactation in the mother. It also regulates madé glucose, protein,
and fat levels so that this is always availablthtofetus.

Estrogen: referred to as the "hormone of women" becauseniusates
the development of secondary female sex charaiitsrist contributes
to the woman's mammary gland development in préparéor lactation
and stimulates uterine growth to accommodate grgpwWetus.

Progesterone:necessary to maintain endometrial lining of theruge
during pregnancy. This hormone prevents preternorldly reducing
myometrial contraction. Levels of progesterone drgh during
pregnancy.

Cloaking from immune system of mother
Further information: Immune tolerance in pregnancy

The placenta and fetus may be regarded as a foalmgraft inside the
mother, and thus must evade from attack by the ensthmmune
system.

For this purpose, the placenta uses several meshani

> It secretes Neurokinin B-containing phosphocholnelecules.
This is the same mechanism used by parasitic meleato avoid
detection by the immune system of their host.

> There is presence of small lymphocytic suppresstis ¢n the
fetus that inhibit maternal cytotoxic T cells bighibiting the
response to interleukin 2.

However, the Placental barrier is not the sole metn evade the

immune system, as foreign foetal cells also pernsisthe maternal
circulation, on the other side of the placentaliear
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Other functions

The placenta also provides a reservoir of bloodtierfetus, delivering
blood to it in case of hypotension and vice vers@anparable to a
capacitor.

Birth

Placental expulsion begins as a physiological sejeer from the wall of
the uterus. The period from just after the chiltasn until just after the
placenta is expelled is called the "third stagdabbr". The placenta is
usually expelled within 15-30 minutes of birth.

Placental expulsion can be managed actively, famgte by giving
oxytocin via intramuscular injection followed byrdotraction to assist
in delivering the placenta. Alternatively, it caa managed expectantly,
allowing the placenta to be expelled without meldiassistance. A
Cochrane database study suggests that blood lodsthen risk of
postpartum bleeding will be reduced in women offeractive
management of the third stage of labour (needstinga

The habit is to cut the cord immediately aftertpitiut allegedly there is
no medical reason to do that; on the contrarys ithieorized that not
cutting the cord helps the baby in its adaptatiorextrauterine life,
especially in preterm infants.

3.5 Clinical correlates
Numerous pathologies can affect the placenta.

> Placenta accreta, when the placenta implants t@plgeinto
actual muscle of uterine wall)

> Placenta praevia, when the placement of the plaasribo close
to or blocks the cervix

> Placental abruption/abruptio placentae - a teaam@gy of a
normally positioned placenta from the uterine vemlcompanied
by hemorrhaging. Both of these above conditions sult in
miscarriage and can be life-threatening to theherot

Infections involving the placenta:

> Placentitis, such as the TORCH infections.
> Chorioamnionitis which can lead to preterm labauat delivery

4.0 CONCLUSION
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The placenta is very important in maintenance cggpancy. The
placenta functions as a fetomaternal organ with t@mponents: the
fetal placenta (Chorion frondosum), which develops from the same
blastocyst that forms the fetus, and thaternal placenta (Decidua
basalis), which develops from the maternal utetissue.

5.0 SUMMARY

In this unit, you have learnt that:

I The placenta functions as a fetomaternal orgath two
components: the fetal placenta (Chorion frondoswamyl the
maternal placenta (Decidua basalis).

. Classification of placenta is on the basis bistological
(microscopic) structural organization and layeetween fetal
and maternal circulation.

iii.  The Three main groups of placenta are: Hadmaal,
endotheliochorial and epitheliochorial.

\Y2 Two characteristics that form bases for clasaiion of placental
types: The gross shape of the placenta and thabditon of
contact sites between fetal membranes and endametr

6.0 TUTOR MARKED ASSIGNMENTS

6.1 At the anatomy/ embryology museum, observe the imalttend
fetal parts of the placenta and the various cartassociated
with the placenta. Record your findings in youy lmook.

6.2  Answer the following questions.

I Discuss classification of placenta
. Describe the functions of the placenta

7.0 REFERENCES/FURTHER READING
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MODULE 3 SUPPORT AND MOVEMENT

Introduction

The human musculoskeletal systenm(also known as théocomotor
system and previously theactivity system) is an organ system that
gives humans (and many animal species) the alditjove using the
muscular and skeletal systems. The musculoskedgtstem provides
form, support, stability, and movement to the body.

The skeletal portion of the system serves as tha starage system for
calcium and phosphorus and contains critical coraptm of the
hematopoietic system. It is made up of the bodgiseb (the skeleton),
muscles, cartilage, tendons, ligaments, joints, aftiier connective
tissue that supports and binds tissues and orggether.

Module Objectives:
At the end of this module, you will be able to

I discuss the two basic systems that provide stgmd movement
for the human body — integumentary system and uloskeletal

system.
CONTENTS
Unit 1 Integumentary System
Unit 2 Skeleton
Unit 3 Muscles
Unit 4 Tendons and ligaments
Unit 5 Joints and bursae

UNIT 1 INTEGUMENTARY SYSTEM
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Functions of the integumentary system

3.2 Skin
3.3 Nails
3.4 Hair

3.5 Clinical correlates
4.0 Conclusion
5.0 Summary
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6.0 Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

The integumentary system is familiar to most pedy@eause it covers
the outside the appearance of the system It is osatpof a complex set
of organs that includes the skin and its derivati{gaveat and oil glands,
hairs, and nails).

Skin without blemishes is considered attractive,esgas acne is a
source of embarrassment for many people. The dewveot of wrinkles

and the graying or loss of hair are signs of agired some people find
unattractive. Because of these feelings, much tefi®rt, and money
are spent on changing the appearance of the intagfany system. For
example, people apply lotion to their skin, colegit hair, and trim their
nails. They also try to prevent sweating with aetgpirants and body
odor with washing, deodorants, and perfumes.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o Describe the components and functions of the integuary
system.

Explain the role of skin in regulating body tempara.

Describe the layers of skin and the characteristiesach layer.
Explain the factors that affect skin colour.

Outline the disorders associated with the integuargrsystem.

3.0 MAIN CONTENT

3.1  Functions of integumentary System

The appearance of the integumentary system caoat@dphysiological
imbalances in the body. Some disorders, such as acnvarts, affect
just the integumentary system. Disorders of otlagtspof the body can
be reflected there, and thus the integumentaryesyss useful for
diagnosis. For example, reduced blood flow throthgh skin during a
heart attack can cause a pale appearance, whameaased blood flow
as a result of fever can cause a flushed appearatsi® the rashes of
some diseases are very characteristic, such aaghes of measles,
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Major functions

1. Protection: The skin protects against abrasod ultraviolet
light. It also prevents the entry of microorgangssand prevents
dehydration by reducing water loss from the body.

2. Sensation: The integumentary system has semsoeptors that
can detect heat, cold, touch, pressure, and pain.

3. Temperature regulation: Body temperature isuleggd through
the control of blood flow through the skin and thetivity of
sweat glands.

4. Vitamin D production: When exposed to ultragidight, the skin
produces a molecule that can be transformed itaonin D.

5. Excretion: Small amounts of waste productslasethrough the
skin and in gland secretions.

3.2 Skin

The skin is made up of two major tissue layers. €p&lermis is the
most superficial layer of the skin; it consists egithelial tissue. The
epidermis resists abrasion on the skin’'s surfackraduces water loss
through the skin. The epidermis rests on the derwiigch is a layer of

connective tissue. The dermis is responsible fostnod the structural
strength of the skin. The strength of the dermiseisn in leather, which
iIs produced from the hide (skin) of an animal. Tégidermis is

removed, and the dermis is preserved by tanning.

The skin rests on the hypodermis which is a laydoase connective

tissue. The hypodermis is not part of the skin lgg integumentary
system, but it does connect the skin to underlymgcle or bone.
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Stratum lucidum

Stratum granulosum

Stratum spinosum
Stratum basale

Papillary layer

Reticular Layer

Superficial part of skin; stratified squamous epithelium;
composed of four or five strata

Most superficial strata of the epidermis; 25 or more
layers of dead squamous cells

Three to five layers of dead cells; appears transparent;
present in thick skin, absent in most thin skin

Two to five layers of fattened, diamond-shaped cell

A total of 8-10 layers of many-sided cells

strata of the epidermis: of cuboidal
i a2 et ot o sl
attaches to the dermis

Deep part of skin; connective tissue composed of two
layers

Papillae project toward the epidermis; loose connective
tissue

Mat of collagen and elastin fibers; dense irregular
connective tissue

Not part of the skin; loose connective tissue with
abundant fat deposits

HUMAN ANATOMY |

Barrier that prevents water loss and the entry of
chemicals and microorganisms; protects against
abrasion and ultraviolet light: produces vitamin D;
gives rise to hair, nails, and glands

Provision of structural strength by keratin within cells;
prevention of water loss by lipids surrounding cells;
sloughing off of most superficial cells resists abrasion

Dispersion of keratohyalin around keratin fibers

elease lipids from cells; cells die

Production of keratin fibers; formation of lamellar bodies
Produiction of cells of the most superficial strata:
melanocytes produce and contribute melanin, which
protects against ultraviolet light

Responsible for the structural strength and flexibility
of the skin; the epidermis exchanges gases, nutri-
ents, and waste products with blood vessels in the
dermis

Brings blood vessels close to the epidermis; dermal
papillae form fingerprints and footprints

Main fibrous layer of the dermis; strang in many
directions; forms cleavage lines

Attaches the dermis to underlying structures; fat tissue
vessels and nerves from the hypodermis supply the
dermis.

COMPARISON OF THE SKIN (EPIDERMIS &DERMIS)
AND HYPODERMIS

Dermis

It is composed of strong and flexible connectiva&suie. Its cells are

typical of those found in any connective tissueppro
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I. Fibroblasts: cells that form the fibers of centive tissue
. Macrophages: protective cell capable of phatosis

ii. Mast cells: immune cell that initiates inflanmation

V. White blood cells: protection

Its semifluid matrix is heavily embedded with:

> Collagen: strong, fibrous (threadlike) insolubletein
> Elastin: extracellular connective tissue protein
> Reticular fibers: supporting framework tissue

The dermis binds the entire body together like @ylsiocking. It is your
hide and corresponds exactly to animal hides usedhdake leather
products. It is richly supplied with nerve fiberslood vessels, and
lymphatic vessels. Major portions of hair follicless well as oil and
sweat glands, are derived from epidermal tissuedside in the dermis

The layers of dermis

1. The thin, superficial papillary layer: highly vascularized
areolar connective tissue containing a woven rhabllagen and
elastin fibers. Its superior surface is thrownoinpeglike
projections called dermal papillae (papill=nippteat indent the
overlaying epidermis. Many contain: Capillary Isppneissner’s
corpuscles: touch receptors and pain receptors.

On the palms of the hands and soles of the feesetipapillae lie atop
larger mounds called dermal ridges, which in tusase the overlying
epidermis to form epidermal ridges that increasetidn and enhance
the gripping ability of the fingers and feet. Epithal ridge patterns are
genetically determined and unique to each of usaBse sweat pores
open along their crest, our fingerprints leave idging films of sweat
called fingerprints on almost anything they touthere are three types
of skin markings: Finger prints, Cleavage linegxire lines

2. The reticular layer: It is deeper and account for 80% of the
thickness of the dermis. Extracellular matrix @on$ thick
bundles of interlacing fibers that run in variqulanes, most run
parallel to the skin surface, less dense regibesyeen these
bundles form cleavage, or tension lines. Collafisers give skin
strength and resiliency, binds water, helping kekp skin
hydrated while elastin fibers provide the stretebeil properties
of skin.
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Skin Colour: This is determined by three pigments: Melanin,
Hemoglobin and carotene

Melanin- Only pigment made in the skin, it is ayoér of tyrosine
which is an amino acid, ranges in color from yellmareddish-brown to
black. Synthesis depends on an enzyme in melarocygtdled
tyrosinase. It passes from melanocytes to the lkasatinocytes.

Melanocytes are stimulated by sunlight which causedstantial
melanin buildup, which helps protect the DNA ofhl@mskin cells from
UV radiation by absorbing the light and dissipatihg energy as heat.

Carotene: Yellow to orange pigment found in certplant products
such as carrots. It tends to accumulate in théustr@orneum and in the
tissue of the hypodermis, it is the color most obsiin the palms and
soles, where the stratum corneum is thickest (el@ntipe skin of the
heel).

Epidermis

Derivatives of the epidermis include the Sweat d&anSebaceous
glands, Nails, Hair, Hair Follicles

Sweat (Sudoriferous) glands:Distributed over the entire skin surface
except the nipples and parts of the external gienitBwo types of sweat
glands:

1- Eccrine
2- Apocrine

Eccrine: sweat glands, or merocrine sweat glands, produeesweat,
they are the most numerous of the sweat glands,aaemgarticularly
abundant on the palms of the hands, soles of teg &nd forehead.
Secretory part lies coiled in the dermis: The dexdends to open in a
funnel-shaped pore at the skin surface. Secrebamwonly called sweat
is a hypotonic filtrate (lower osmotic pressurentl@areference) of the
blood that passes through the secretory cellseftieat glands and is
released by exocytosis. It contains 99% water, wiime salts (mostly
sodium chloride), Vitamin C, Antibodies, Dermicid{microbe-killing
peptide and traces of metabolic waste (urea, @it ammonia)

Apocrine: It is largely confined to the axillary and anogahiareas,
Larger than eccrine glands. Ducts empty into hallicfes. Secretion
contains the same basic components as true swesitfgity substances
and proteins. Odorless BUT, when its organic mdésuare
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decomposed by bacteria on the skin, it takes oruskynand generally
unpleasant odor (BODY ODOR).

3.3 Nails

The distal ends of primate digits have nails, whsrenost other
mammals have claws or hooves. Nails protect the ehthe digits, aid
in manipulation and grasping of small objects, am@ used for
scratching. A nail consists of the proximal naibtr@nd the distal nail
body. The nail root is covered by skin, and thd hady is the visible
portion of the nail. The lateral and proximal edg#sthe nail are
covered by skin called the nail fold, and the edgresheld in place by
the nail groove.

The stratum corneum of the nail fold grows onto tiad body as the
eponychium, or cuticle. Beneath the free edge efrthil body is the
hyponychium, a thickened region of the stratum eam. The nail root
extends distally from the nail matrix. The nail alattaches to the
underlying nail bed, which is located between tlad matrix and the
hyponychium. The nail matrix and bed are epithetiabue, with a
stratum basale that gives rise to the cells thahfthe nail. The nalil
matrix is thicker than the nail bed and produceariyeall of the nail.
The nail bed is visible through the clear nail apgears pink because of
blood vessels in the dermis.

A small part of the nail matrix, the lunula, is se¢@rough the nail body
as a whitish, crescent-shaped area at the badeeaidil. The lunula,
seen best on the thumb, appears white becausdotbe \essels cannot
be seen through the thicker nail matrix. The nartains a hard keratin,
which makes the nail hard. As the nail is formedhe nail matrix and
bed, it slides over the nail bed toward the distad of the digit. Nails
grow at an average rate of 0.5-1.2 mm per day,fimgernails grow
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more rapidly than toenails. Unlike hair, they grosontinuously
throughout life and do not have a resting phase.

3.4 Hair

The presence of hair is one of the characteristicsimon to all
mammals; if the hair is dense and covers most@btidy surface, it is
called fur. In humans, hair is found everywheretlom skin except the
palms, the soles, the lips, the nipples, parthefexternal genitalia, and
the distal segments of the fingers and toes.

By the fifth or sixth month of fetal developmentlidate, unpigmented
hair called lanugo has developed and covered ths.fdlear the time of
birth, terminal hairs, which are long, coarse, piginented, replace the
lanugo of the scalp, eyelids, and eyebrows. Vdihiss, which are short,
fine, and usually unpigmented, replace the lanugah® rest of the
body.
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The hair follicle

At puberty, terminal hair, especially in the pulaicd axillary regions,
replaces much of the vellus hair. The hair of thest, legs, and arms is
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approximately 90% terminal hair in males, compareuth
approximately 35% in females. In males, terminairshaeplace the
vellus hairs of the face to form the beard. Therdbgaubic, and axillary
hair are signs of sexual maturity. In addition, jgudnd axillary hair
may function as wicks for dispersing odors produlsgdecretions from
specialized glands in the pubic and axillary regioh also has been
suggested that pubic hair protects against abragimimg intercourse
and axillary hair reduces friction when the arms/eno

3.5 Clinical correlates

I Cleavage lines in the reticular layer of thendis are important to
a surgeon because incision made parallel to thes®g, the skin
gapes less and heals more readily than when tigdn is made
across cleavage lines.

. Folliculitis, which is a disorder specific to hair, is an
inflammation of hair follicles. This disorder udlyaresults from
shaving or excess rubbing of skin areas. It mag bk caused by
bacteria and fungi. Follicles become red and itahg often look
like pimples. Treatments include regular cleansmoig skin,
topical antibiotics, and use of electric razorsteéad of razor
blades.

iii.  Acne is an active inflammation of the sebacgoglands
accompanied by “pimples” (pustules or cysts) oe tkin.
Usually caused by bacterial infection, particyarlby
staphylococcus.

V. Seborrhea: cradle cap in infants, caused leramtive sebaceous
glands.Raised lesions that gradually become yeitolarown and
begin to slough off oily scales

V. A burn is injury to a tissue caused by heat, cold, frictio
chemicals, electricity, or radiation. Burns arassified according
to the extent of surface area involved and thehdepthe burn.
For an adult, the surface area that is burnedbeaconveniently
estimated by “the rule of nines,” in which the pasl divided into
areas that are approximately 9%.

Vi. Scabies is a very contagious skin conditiotal&es is caused by
mites that burrow beneath skin. Sometimes theolsrof the
mites, which look like red pencil marks, can berseRedness
and severe itching are usually the only symptormhsaoabies.
Most cases are easily treated with prescriptiondioagions.
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Because scabies is contagious, it is wise to aeantire family if one
member is infected.

4.0 CONCLUSION

The integumentary system consist of the skin, thdsnsebaceous
glands and hairs. The integumentary system proteetdody from the
external environment, it also functions in senggtidemperature
regulation, vitamin D production, and excretion sshall amounts of
waste products.

5.0 SUMMARY

In this unit, you have learnt that:

I The components of the integumentary systenudes the skin,
the nails, glands and hairs.

. The integumentary system protects us from teeternal
environment. Other functions include sensatiormpterature
regulation, vitamin D production, and excretionsafall amounts
of waste products.

iii.  The epidermis is stratified squamous epitielidivided into five
strata.

Iv. Melanocytes produce melanin inside melanosoraed then
transfer the melanin to keratinocytes. The siz @distribution of
melanosomes determine skin color. Melanin productis
determined genetically but can be influenced lisauiolet light
(tanning) and hormones.

V. The nail is stratum corneum containing harcakierand the nalil
root is covered by skin, and the nail body is tlsgole part of the
nail. Nearly all of the nail is formed by the nailatrix, but the
nail bed contributes.

Vi. Integumentary system is easily observed amehafeflects events
occurring in other parts of the body (e.g., cyaogmundice,
rashes).

6.0 TUTOR MARKED ASSIGNMENTS

6.1 At the histology laboratory, examine slides of treer, skin and
nail and identify the parts of each of these congmds. Record
your findings in the log book.

6.2  Tutor Marked Tests

For questions 1-6, match the layer of the epidenmmiib the correct
description or function:
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stratum basale
stratum corneum
stratum granulosum
stratum lucidum
stratum spinosum

Production of keratin fi bers; formation of laitar bodies
Desquamation occurs; 25 or more layers of dgadmous cells
Production of cells; melanocytes produce anmdrimite melanin;
hemidesmosomes present

Production of keratohyalin granules; lamellavdies release
lipids; cells die

Dispersion of keratohyalin around keratin ffelayer appears
transparent; cells dead

In which of these areas of the body is thidk $&und?

back of the hand d. bridge of the nose

abdomen e. sole of the foot

over the shin

Given these parts of a hair and hair follicle:

arwbdPE

cortex

cuticle

dermal root sheath
epithelial root sheath
medulla

7. Arrange the structures in the correct order ftbenoutside of the hair
follicle to the center of the hair.

PO TO

cT e ®

Q

©
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1,4,3,5,2
2,1,53,4
3,4,2,1,5
4,3,1,2,5
54,3,2,1

Concerning hair growth,

hair falls out of the hair follicle at the eofdthe growth stage.
most of the hair on the body grows continuously

genetic factors and the hormone testosteroreirafolved in
“pattern baldness.”

eyebrows have a longer growth stage and restage than scalp
hair.

Why is the skin considered an organ?
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UNIT 2 SKELETAL SYSTEM
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3.0 Main Content
3.1 Classification of bones
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3.3 Bone structure
3.4 Cartilages
3.5 Clinical correlates
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

The Skeletal System serves many important functiansrovides the
shape and form for bodies in addition to supportprgtecting, allowing
bodily movement, producing blood for the body, atoring minerals.
The number of bones in the human skeletal systeen asntroversial
topic. Humans are born with over 300 bones; howeawany bones fuse
together between birth and maturity. As a result aaerage adult
skeleton consists of 206 bones.

This system describes how bones are connectedhtr dbones and
muscle fibers via connective tissue such as tendadsligaments. The
bones provide the stability to a body in analogyrém rods in concrete
construction. Muscles keep bones in place and plag a role in
movement of the bones. To allow motion, differeohés are connected
by joints. Cartilage prevents the bone ends frobbing directly on to
each other. Muscles contract (bunch up) to movebthree attached at
the joint.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o Describe the components of the two divisions of sheletal
system

o Describe the functions of the skeletal system

o Define the three types of bone ossification

o Describe the anatomical structure of a bone
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o Describe the process of bone growth
o Describe the anatomical structure of cartilage

3.0 MAIN CONTENT

3.1 Classification of bones

The number of bones varies according to the metised to derive the
count. While some consider certain structures t@ lsengle bone with
multiple parts, others may see it as a single wait multiple bones.
There are five general classifications of bonessghard_ong, Short,
Flat, Irregular , andSesamoidbones. The human skeleton is composed
of both fused and individual bones supported bwrhgnts, tendons,
muscles and cartilage. It is a complex structuréhwivo distinct
divisions. These are tlaxial skeletonand theappendicular skeleton

Long Bone
— Articular cartilage

Epiphysis |

Ephiphyseal line

Spongy bone

£ |
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There are five types of bones in the human bodgg,lcshort, flat,
irregular, and sesamoid.

> Long bonesare characterized by a shaft, the diaphysis, wisich
much longer than it's wide. They are made up masticompact
bone, with lesser amounts of marrow, located withhe
medullary cavity, and spongy bone. Most boneshef imbs,
including those of the fingers and toes, are |dagmes. The
exceptions are those of the wrist, ankle and kay@ec
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Short bonesare roughly cube-shaped, and have only a thin layer
of compact bone surrounding a spongy interior. Bbees of the
wrist and ankle are short bones, as are the seddimoes.

Flat bonesare thin and generally curved, with two parallgieles
of compact bones sandwiching a layer of spongyebdfost of
the bones of the skull are flat bones, as is ti@gm.

Sesamoid bonesre bones embedded in tendons. Since they act
to hold the tendon further away from the joint thngle of the
tendon is increased and thus the leverage of thecla is
increased. Examples of sesamoid bones are th#éapatel the
pisiform.

Irregular bones do not fit into the above categories. They
consist of thin layers of compact bone surroundingpongy
interior. As implied by the name, their shapes iamegular and
complicated. Often this irregular shape is duetheir many
centers of ossification or because they contamylsinuses. The
bones of the spine, Pelvis, and some bones ofskind are
irregular bones. Examples include the ethmoid apbenoid
bones.
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Cranium
Vertebra

Scapula — TR Ribs

Humerus —— Sternum

Divisions

The human skeleton can be divided into theal skeleton and the
appendicular skeleton. The axial skeleton is formed by the \weE
column, the rib cage and the skull. The appendicskaleton, which is
attached to the axial skeleton, is formed by thetgral girdles, the
pelvic girdle and the bones of the upper and Idmes.

The human skeleton serves six major functions; sdppnovement,
protection, production of blood cells, storage ohd and endocrine
regulation.

The human skeleton is not as sexually dimorphithas of many other
primate species, but subtle differences betweeessexthe morphology
of the skull, dentition, long bones, and pelvissexin general, female
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skeletal elements tend to be smaller and less tdbas corresponding
male elements within a given population. The pelvilemale skeletons
is also different from that of males in order toiligate child birth.

Axial skeleton

The axial skeleton (80 bones) is formed by theele#l column (32-34;
the number of the vertebrae differs from humanumén as the lower 2
parts, sacral and coccygeal bone may vary in lgngtle rib cage (12
pairs of ribs and the sternum), and the skull (28ds and 7 associated
bones). The upright posture of humans is maintaibgdthe axial
skeleton, which transmits the weight from the hedhbd, trunk, and the
upper extremities down to the lower extremitieshe hip joints. The
bones of the spine are supported by many ligam&htserectors spinae
muscles are also supporting and are useful fombealaThe vertebral
column consists of 5 parts. The most cranial (upst) part is made
up by the cervical vertebras (7), followed by tlwea(12), lumbar (5),
sacral (4-5) and coccygeal vertebras (3-4). Celrvietebras make up
the junction between the vertebral column and tamiam. Sacral and
coccygeal vertebras are fused and thus often céfladral bone" or
“coccygeal bone" as unit. The sacral bone makesthepjunction
between the vertebral column and the pelvic bones.

Appendicular skeleton

The appendicular skeleton (126 bones) is formethbypectoral girdles,
the upper limbs, the pelvic girdle or pelvis, ahd tower limbs. Their
functions are to make locomotion possible and totgmt the major
organs of digestion, excretion and reproduction.

Functions of the skeleton

The skeleton serves six major functions; suppooyement, protection,
production of blood cells, storage of ions and enide regulation.

Support: The skeleton provides the framework which suppitvsbody
and maintains its shape. The pelvis, associatesnigts and muscles
provide a floor for the pelvic structures. Withate rib cages, costal
cartilages, and intercostal muscles, the lungs avoallapse.

Movement: The joints between bones allow movement, some ailgpw
a wider range of movement than others, e.g. theama socket joint
allows a greater range of movement than the pigwit jat the neck.
Movement is powered by skeletal muscles, which atached to the
skeleton at various sites on bones. Muscles, baras$,joints provide
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the principal mechanics for movement, all coordidaby the nervous
system.

Protection: The skeleton protects many vital organs:
o The skull protects the brain, the eyes, and thedlmidnd inner

ears.
o The vertebrae protect the spinal cord.
o The rib cage, spine, and sternum protect the luhgsst and

major blood vessels.

. The clavicle and scapula protect the shoulder.

o The ilium and spine protect the digestive and unditgé systems
and the hip.

o The patella and the ulna protect the knee and thewe

respectively.

o The carpals and tarsals protect the wrist and aekleectively.
Blood cell production: The skeleton is the site of
haematopoiesis, the development of blood cells tdikees place
in the bone marrow.

Storage: Bone matrix can store calcium and is involved ircicien
metabolism, and bone marrow can store iron in fer@and is involved
in iron metabolism. However, bones are not entiraBde of calcium,
but a mixture of chondroitin sulfate and hydroxyi#pa the latter
making up 70% of a bone. Hydroxyapatite is in tcomposed of 39.8%
of calcium, 41.4% of oxygen, 18.5% of phosphorusd #.2% of
hydrogen.

Endocrine regulation: Bone cells release a hormone called osteocalcin,
which contributes to the regulation of blood suggiucose) and fat
deposition. Osteocalcin increases both the inswdactretion and
sensitivity, in addition to boosting the numberirgulin-producing cells
and reducing stores of fat.

Sexual dimorphism
The skull
A variety of gross morphological traits of the humgkull demonstrate

sexual dimorphism, such as the nuchal crest, nthspoocesses,
supraorbital margin, supraorbital ridge, and meatainence.
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Dentition

Human inter-sex dental dimorphism centers on tmenes, but it is not
nearly as pronounced as in the other great apes.

Long bones

Long bones are generally larger in males than nmafes within a given
population. Muscle attachment sites on long bone®#ien more robust
in males than in females, reflecting a differenceverall muscle mass
and development between sexes. Sexual dimorphigimeitong bones
Is commonly characterized by morphometric or grossphological
analyses.

The pelvis

Human pelvis exhibit greater sexual dimorphism tlaher bones,
specifically in the size and shape of the pelvivitga iliac, greater
sciatic notches, and the sub-pubic angle. The RBbemethod is
commonly used to determine the sex of an unidextifiuman skeleton
by anthropologists with 96% to 100% accuracy in sgopulations.

Blood supply of bones

Although bone is not an actively growing tissueadults, it does need a
constant blood supply to stay alive. In fact, thp@y of blood to long
bones is profuse and derived from a number of ssurhat are
explained with detail in the lines below.
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Blood Supply of Long Bones (by: Ahsan Igbal)

Epiphyseal artery Epiphysis

Epiphyseal Plate
of Cartilage

Hair pin bends of
Metaphyseal arteries
before epiphyseal

fusion ~(

Periosteal arteries —d

Metaphysis

Nutrient Diaphysis

Artery

Anastomosis between
epiphyseal and
metaphyseal arteries
after ephyseal

fusion

Blood supply of bones
Nutrient artery:

This artery enters the shaft through the nutrieoramen and runs
obliquely through the cortex. In the medullary ¢athis artery divides

into ascending and descending branches. Each onéese two

branches divides into parallel channels that headitds the respective
end of the bone. At the place of metaphyses in caadult bones these
branches anastomose with epiphyseal, metaphyse#l paniosteal

arteries. The nutrient artery in this way nouristies whole medullary
cavity and inner 2/3 of the cortex as well as mieyaps.

Periosteal arteries:

Periosteal arteries are the arteries of periostdagimg especially
numerous beneath the muscular and ligamentoushattatd. Beneath
the periosteum they divide into branches and therebtering the
Volkmann’s canals to supply the outer one third3YJgortion of the
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cortex. Remember that the inner 2/3 of the cortas wupplied by the
nutrient artery discussed above.

Epiphyseal arteries:

These are the arteries of epiphyses and are defrosd the peri-
articular vascular arcades found on the non-adicoibny surfaces. This
area also has numerous foramina out of which aydre the entrance
points of these arteries while the remaining aesvénous exits.

Metaphyseal arteries:

These arteries are derived from the neighborintegayis vessels. These
arteries directly go into the metaphyses and rexefdhe metaphyseal
branches of the primary nutrient artery.

Nerve supply of bones

As with all other living tissues, the bone is inveed by peripheral
nerves so that it can coordinate with the centealvous system. The
important part of this coordination is formed by teensory signals
coming from the bones. The brain reads these sgaall makes
necessary changes to avoid any damage to bonestesrdbody tissues.

Hilton's Law:

Hilton’s law explains the pattern of innervation bbnes by the

peripheral nerves. According to this law, the nesupplying a muscle

will also supply the underlying bone. Thus if agpoof muscles over a

bone receive nerve supply from a specific nerve,lttne, over which

the muscles lie will also be innervated by the sasmwe.

Features of innervation of bones:

The innervation of nerves shows the following commfeatures:

> Nerves accompany the blood vessels so if you havend the
specific nerve supplying a specific bone, you Wélve to look
for the nerves which accompany the arteries ants\# a bone.

> Most of the nerves coming to a bone are sympathatid
vasomotor in function.

> Some of the nerves are sensory and such nervetstibuted to
the articular ends and periosteum of the bones.
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3.2 Ossification of bones

Ossification is the process by which bone is formBae formation of
bone is in fact conversion of other types of cotimedissues into bone.
Based on the type of tissue converted into bone, ghocess of
ossification is of three types. These types witprapriate detail are
explained in the lines below.

Intra-membranous ossification:

This type of ossification is also known as mesendiyossification. In

this type the bone is ossified from mesenchymaldeasations. The
bones formed by this process of ossification amwnas membranous
bones or dermal bones.

Intra-cartilaginous ossification:

In this type of ossification, the mesenchyme hasnbeonverted to
cartilaginous models and the process of ossifinastarts in these
cartilaginous models. The process of conversionnesenchymal
condensations in cartilage is known as chondr@ibo and this
process takes place during the second month dutdrine life. This
indicates that the bones which start ossifying teefecond month are
membrane bones and the bones which start ossi@fteg 2nd month of
intrauterine life are cartilaginous bones. Thereaisother type of
ossification in which a bone partly ossifies fronrembrane and partly
from cartilage. These bones are known raembro-cartilaginous
bones.

Process of ossification:

With the explanation of different types of ossifioa in bones it is also
important to explain what ossification is. Ossifioa is the process by
which bone is formed. It is started at certainssikeown as centers of
ossification each of which is a point where lyirmwh of lamellae (bone
formation) is started by the activity of osteobtasDsteoblasts are bone
forming cells and secrete collagen and other substathat form the
ground substance of bone. The centers of ossiitatiay be primary or
secondary. The primary centers of ossification apefore birth and
are the first to start the process of ossificatibime secondary centers of
ossification mostly appear after birth but there f@w exceptions to this
that is some secondary centers do appear befdle bine secondary
centers are sites where process of ossificatiotssdfter it has started in
primary centers.
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Growth of long bones

All long bones of the body (except clavicle) arernfed from a
cartilaginous model by the process of ossificati@nce a young bone is
formed, the growth takes place in three steps.

Growth in length

A long bone grows in length my multiplication oflisan the epiphyseal

plate of cartilage. The cartilage cells divide amctease in number. The
zone of active division in the epiphyseal platecaftilage lies towards
the epiphysis (end of the bone). This means thatyniormed cartilage

cells will push the older, larger cells towards thaphysis (shaft of the
bone). Eventually these cartilage cells are repldneosteocytes (bone
cells), thus increasing the length of the bonahtiuld be kept in mind
that after puberty, when the epiphyseal plate ailage no more exists,
the growth in length of a bone stops completely.

Growth in thickness

A long bone grows in thickness by multiplicationad#lls in the deeper
layer of periosteum. The cells lying in the dedpger of periosteum are
known as osteoblasts (bone forming cells). Thes#és cdivide
continuously and form the osteocytes, thus incrdahsethickness of
bone.

Medullary cavity

1—" ‘J Articular cartilage

\.

Blood vessels i
Pt Spongy bane
1‘

Periosteum

i\ Secondary ’ :
\ 1" \eossification
\ { center / Cl
Bone collar \ Primary ré 0 'qi '
2 ossification

L

J ~ center Epipﬁyseal plate
{ Hyaline Periosteum /
cartilage

"model” Compact Bone/. !
\J Bone Growth

’

Remodeling of bone:

The growth takes place by deposition of new bossui on the surface
and at the ends. This is process of bone depoditjoosteoblasts is

124



NSC 215 HUMAN ANATOMY |

called appositional growth or surface accretiore @ppositional growth
can result in shape alterations, however, in otdenaintain the shape,
the unwanted bone must be removed. This job is tgn@nother class
of cells known as osteoclasts. The process of paspathe bone is
called remodeling and it is one of the major fastoesponsible for
increasing size of marrow cavity.

Types of cells in bones

Bone is formed by three primary cell types: Ostastd, Osteocytes and
Osteoclasts.

Osteoblasts:

Osteoblasts are bone-forming cells that descenah fosteoprogenitor
cells. They form a protein mixture known as ostewitlich mineralizes

to become bone. Osteoid is primarily composed gbelTy collagen.

Osteoblasts also manufacture hormones, such ataglasdins, to act
on the bone itself. They robustly produce alkalpl®osphatase, an
enzyme that has a role in the mineralization ofehas well as many
matrix proteins. Osteoblasts are the immature loetis, and eventually
become entrapped in the bone matrix to become ogsy which are
the mature bone cells. All bone lining cells areeoblasts.

Osteocytes:

Osteocytes are mature bone cells that originata fveteoblasts, which
have migrated into and become trapped and surroungié®one matrix,
produced by them. The spaces they occupy are krasviacunae.
Osteocytes have many processes that reach outdbasieoblasts and
other osteocytes probably for the purposes of comcation. Their
functions include formation of bone, maintenance roétrix and
homeostasis of Calcium.
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Osteoclasts:

Osteoclasts are the cells responsible for bone rpgso and
remodelling. They are large, multinucleated cellsated on bone
surfaces in what are called Howship’s lacunae son@ion pits. These
lacunae, or resorption pits, are left behind after breakdown of the
bone surface. Because the osteoclasts are demead & monocyte
stem-cell lineage, they are equipped with phagodike mechanisms
similar to circulating macrophages.

3.3 Bone structure

Bone is not a uniformly solid material, but rathess some spaces
between its hard elements.

Compact (cortical) bone

The hard outer layer of bones is composed of cotripace tissue, so-
called due to its minimal gaps and spaces. Itsgkyras 5-30%. This
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tissue gives bones their smooth, white, and sop@earance, and
accounts for 80% of the total bone mass of an akdleton. Compact
bone may also be referred to as dense bone.

Boat oz
win a perkraing
[ Vicnann's) canal

Boad vesses

—wifsn a convad
{haver=an | canal

Canaboul

b

" Osteccyis in Boras

Compact bone
Trabecular (cancellous or spongy) bone

Filling the interior of the bone is the trabecubtane tissue (an open cell
porous network also called cancellous or spongyepomvhich is
composed of a network of rod- and plate-like elethehat make the
overall organ lighter and allow room for blood wessand marrow.
Trabecular bone accounts for the remaining 20%tail bone mass but
has nearly ten times the surface area of compana. bts porosity is 30—
90%. If, for any reason, there is an alteratiothm strain the cancellous
Is subjected to, there is a rearrangement of tlaetulae. The
microscopic difference between compact and cancelloone is that
compact bone consists of haversian sites and ast@dnle cancellous
bones do not. Also, bone surrounds blood in thepamthbone, while
blood surrounds bone in the cancellous bone.
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Molecular structure
Matrix

The majority of bone is made of the bone matrix.isltcomposed
primarily of inorganic hydroxyapatite and organiollagen. Bone is
formed by the hardening of this matrix around gmead cells. When
these cells become entrapped from osteoblastdbmyme osteocytes.

I norganic

The inorganic composition of bone (bone mineral)fasmed from

carbonated hydroxyapatite (Cal0 (PO4)6(0OH)2) witlowdr

crystallinity. The matrix is initially laid down asnmineralised osteoid
(manufactured by osteoblasts). Mineralisation imgel osteoblasts
secreting vesicles containing alkaline phosphatd$es cleaves the
phosphate groups and acts as the foci for calcimeh phosphate
deposition. The vesicles then rupture and act esné&re for crystals to
grow on. More particularly, bone mineral is formedm globular and
plate structures, distributed among the collagdmil$i of bone and
forming yet larger structure.

Organic

The organic part of matrix is mainly composed op@&y collagen. This
is synthesised intracellularly as tropocollagen ahén exported,
forming fibrils. The organic part is also composadvarious growth
factors, the functions of which are not fully knawlRactors present
include glycosaminoglycans, osteocalcin, osteongctoone sialo
protein, osteopontin and Cell Attachment Factor.

Two types of bone can be identified microscopicabcording to the
pattern of collagen forming the osteoid (collagensupport tissue of
type | collagen embedded in glycosaminoglycan gel):

> Woven bone, which is characterized by haphazardmzgtion
of collagen fibers and is mechanically weak

> Lamellar bone, which has a regular parallel alignihaé collagen
into sheets (lamellae) and is mechanically strong.

Woven bone is produced when osteoblasts producsoidstapidly,

which occurs initially in all fetal bones (but iatér replaced by more
resilient lamellar bone). In adults woven bonersated after fractures
or in Paget's disease. Woven bone is weaker, wamaler number of
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randomly oriented collagen fibers, but forms quyckit is for this
appearance of the fibrous matrix that the bonesismédwoven. It is
soon replaced by lamellar bone, which is highlyaoiged in concentric
sheets with a much lower proportion of osteocybesutrrounding tissue.
Lamellar bone, which makes its first appearancthénfetus during the
third trimester, is stronger and filled with mangllagen fibers parallel
to other fibers in the same layer (these paral@lirons are called
osteons). In cross-section, the fibers run in opgodirections in
alternating layers, much like in plywood, assistinghe bone's ability
to resist torsion forces. After a fracture, wovemd forms initially and
Is gradually replaced by lamellar bone during acpss known as "bony
substitution." Compared to woven bone, lamellareotormation takes
place more slowly. The orderly deposition of collagibers restricts the
formation of osteoid to about 1 to2n per day. Lamellar bone also
requires a relatively flat surface to lay the cgdla fibers in parallel or
concentric layers.

3.4 Cartilages

Cartilage is a type of connective tissue compodegpecial cells known
as chondrocytes along with collagen or yellow étafsibers. The fibers
and the cells are embedded in a firm gel like matrich in
mucopolysaccharides. Cartilage is not as hard aid as bone. It is
much more flexible and elastic.

Characteristic features of cartilage:

> Cartilage has no blood vessels or lymphatics aadhtiirition of
the cells diffuses through the matrix. This exmpathe slowness
of healing process in cartilages.

> Cartilage has no nerves and therefore it is insgasi

> Cartilage is surrounded by a fibrous membrane knawnthe
perichondrium. This perichondrium is similar teetperiosteum
in structure and function. The articular cartilag@s no
perichondrium and thus its regeneration afterrinja inadequate
because the perichondrium plays a major role gemeration of
the cartilage.

> When a cartilage calcifies the chondrocytes die thiedcartilage
is replaced by bone like tissue.
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> Calcium salts are not present in cartilage matnstead it has
flexible material known as chondroitin which praes flexibility
to it.

Types of cartilage:

There are three types of cartilage; a) Hyalineilege b) Fibrous
cartilage c) Elastic cartilage

— ground substance

L w

Hyaline Cartilage

*@ ‘/ﬂf@

| .
’ O & - e Gartilage cells
ground substance i
with non-elastic "
collagen ﬁhns e

Flbrous Carl:llage

ground substance with
yellow elastic fibres
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Types of Cartilage
Hyaline cartilage:

This type of cartilage has very thin fibers havsagne refractive index
as the matrix of the cartilage and thus these dilaee not seen. Hyaline
cartilage is the articular cartilage of long bons®rnum, ribs etc. Its
color is bluish white and it is flexible.

Fibrous cartilage:

This type of cartilage has numerous white fibetsislpresent in the
symphysis pubis, and sternoclavicular joint ets. dolor is glistening
white and the appearance is opaque.

Elastic cartilage:

This type of cartilage has numerous yellow elafdtiers. It is present in
the ear pinna, external auditory meatus, Eustadiiaes, and epiglottis
etc. Its color is yellowish and the appearancepaxjoe.

3.5 Clinical correlates

1. There are many classified skeletal disordemse ©f the most
common is 0steoporosis.

Also common is scoliosis, a side-to-side curveha back or spine,

often creating a pronounced "C" or "S" shape whew®&d on an x-ray

of the spine. This condition is most apparent duadolescence, and is
most common with females.

Osteoporosis is a disease of bone, which leads tm@eased risk of
fracture. In osteoporosis, the bone mineral den®tD) is reduced,
bone microarchitecture is disrupted, and the amandtvariety of non-
collagenous proteins in bone is altered. Osteo®re®snost common in
women after the menopause, when it is call@ostmenopausal
osteoporosisbut may develop in men and premenopausal womérein
presence of particular hormonal disorders and athesnic diseases or
as a result of smoking and medications, specificgllcocorticoids,
when the disease is cranesteroid- or glucocorticoid-induced
osteoporosis (SIOP or GIOP).Osteoporosis can be prevented with
lifestyle advice and medication, and preventingsfah people with
known or suspected osteoporosis is an establisheyl to prevent
fractures. Osteoporosis can also be preventedhaiing a good source
of calcium and vitamin D. Osteoporosis can be é@atwith
bisphosphonates and various other medical treatment
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2. The most common type of dwarfism is not caused hormonal
disorder.Achondroplasia or achondroplastic dwarfism results in
a person with a nearly normal-sized trunk and hmatdshorter
than normal limbs.

Achondroplasia is an autosomal-dominant trait cdusea mutation of
a gene regulating bone growth. The normal effe¢hefgene is to slow
bone growth by inhibiting chondrocyte division hetepiphyseal plate.
Mutation of the gene results in a “gain of function which the normal

inhibitory effect is increased, resulting in seVgm@duced bone growth
in length. Approximately 80% of cases result fromsgontaneous
mutation of a gene during the formation of spertfsa@ oocytes. Thus,
the parents of most achondroplastic dwarfs areasmal height and
proportions.

3. Osteogenesis imperfecta (Ol)ifhperfect bone formatignis a
rare disorder caused by any one of a number ofyfganes that
results in either too little collagen formation apoor quality of
collagen. As a result, bone matrix has decreasadbility and is
more easily broken than normal bone. Osteogenegisriecta is
also known as the “brittle bone” disorder. In mitwrms of the
disorder, children may appear normal except forisaoty of
broken bones. It is important for children with ©lbe properly
diagnosed because broken bones can be associatedcid
abuse. Over a lifetime, the number of fractures \cany from a
few to more than 100. In more severe forms of tisorder,
fractures heal in poor alignment, resulting in bembs, short
stature, curved spine, and small thorax.

4.0 CONCLUSION
The skeletal system consists of bones, cartilaggldns, and ligaments.
The system supports the body, protects the orgasigriiounds, allows

body movements, stores minerals and fats, andeisite of blood cell
and platelet production.

5.0 SUMMARY

In this unit, you have learnt that:

I The skeletal system consists of bones, cadjlagndons, and
ligaments.
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Vi.

Vil.

viii.

viii.

6.0

6.1

6.2

The skeletal system supports the body, pretéhe organs it
surrounds, allows body movements, stores minaradsfats, and
is the site of blood cell and platelet production.
Chondroblasts produce cartilage and becomendiocytes and
chondrocytes are located in lacunae surroundeddigix.

The matrix of cartilage contains collagen &rb (for strength)
and proteoglycans (trap water).

Bone cells include: Osteoblasts, which prodocee matrix and
become osteocytes; Osteoblasts, which connechéoamother
through cell processes and surround themselvésheite matrix
to become osteocytes; Osteocytes are locateccimd®& and are
connected to one another through canaliculi.

In intramembranous ossificatiosome skull bones, part of the
mandible, and the diaphyses of the clavicles agvdrom
membranes, beneath the periosteum, osteoblastsddayn
compact bone to form the outer surface of the lzmtkFontanels
are areas of membrane that are not ossified tht bir

In endochondral ossification, most bones dgvefrom a
cartilage model.

Osteoblasts form bone on the calcified dage matrix,
producing spongy bone. vi. Primary ossificatiomtees form in
the diaphysis during fetal development. Secondmsification
centers form in the epiphyses.

Bones increase in size only by appositiogawth, the adding of
new bone on the surface of older bone or cartilage
Remodeling converts woven bone to lamellarebamd allows
bone to change shape, adjust to stress, repalf, iés1d regulate
body calcium levels.

TUTOR MARKED ASSIGNMENTS

At the Gross anatomy laboratory, identify the vasiaypes of
bones in the body. Also, at the histology labangtexamine the
structure of a bone under the microscope andifgets parts.

Answer the following questions.
The skeletal system

includes bone, cartilage, tendons, and ligasnent

is a storage site for calcium and phosphorus.

contains cavities in which blood cells are et and fat is
stored.

supports weight, protects organs, and allowsaments.

all of the above.
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2. Which of these statements concerning cartiiagerrect?

a. Chondrocytes receive nutrients and oxygen totwod vessels in
the matrix.

b. Articular cartilage has a thick perichondriuageér.

C. The perichondrium has both chondrocytes anebogtes.

d. Interstitial cartilage growth occurs when charaytes within the
tissue add more matrix from the inside.

3. Which of these substances makes up the majtop@f bone?

a. collagen

b. hydroxyapatite

C. proteoglycans

d. osteocytes

e. Osteoblasts
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1.0 INTRODUCTION

As a runner rounds the last corner of the track sprthts for the finish

line, her arms and legs are pumping as she triesach her maximum
speed. Her heart is beating rapidly and her bnegtisi rapid, deep, and
regular. Blood is shunted away from digestive osjaand a greater
volume is delivered to skeletal muscles to maxintiEe oxygen supply
to them. These actions are accomplished by mussdee; the most
abundant tissue of the body, and one of the magitatlle. Movements
of the limbs, the heart, and other parts of theyter@ made possible by
muscle cells that function like tiny motors. Musdells use energy
extracted from nutrient molecules much as motoesargergy provided

by electric current.

The nervous system regulates and coordinates mustle so that
smooth, coordinated movements are produced much asmputer

regulates and coordinates several motors in robotachines that
perform assembly line functions.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o Describe the gross anatomy of muscles

o Locate and learn the actions of the muscles o&xe skeleton.

o To locate and learn the actions of the muscleb@fppendicular
skeleton.

o Describe the neuromuscular junction

o Explain the term “nervous control”

o List some disorders associated with the musculstesy
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3.0 MAIN CONTENT

3.1 Types of muscles

Muscle is a soft tissue found in most animals. The ternsciauis
derived from the Latinmusculus meaning "little mouse" perhaps
because of the shape of certain muscles or becameacting muscles
look like mice moving under the skin. Muscle cetlsntain protein
filaments of actin and myosin that slide past onetlaer, producing a
contraction that changes both the length and tlepesiof the cell.
Muscles function to produce force and motion. Tleg primarily
responsible for maintaining and changing postuweoinotion, as well
as movement of internal organs, such as the cdiumnagf the heart and
the movement of food through the digestive systenperistalsis.

Muscle tissues are derived from the mesodermalr lafyeembryonic
germ cells in a process known as myogenesis. Tarer¢hree types of
muscle,skeletal or striated, cardiac, and smoothMuscle action can
be classified as being either voluntary or invodupmt Cardiac and
smooth muscles contract without conscious thougit are termed
involuntary, while the skeletal muscles contractompcommand.
Skeletal muscles in turn can be divided into fast slow twitch fibers.

Skeletal Muscles:

> They are also known as striped, striated, somatit \eluntary
muscles

> They are the most abundant type and are foundhaidato the
skeleton. For this reason they are called sketetasicles.

> They are innervated by somatic nervous system entharefore
under voluntary control. They obey the will of hambeings.

> They respond quickly to stimuli and are capable rapid
contractions. They get fatigued easily becausbef rapidity

> Each muscle fiber is multinucleated cylindricall cgntaining
groups of myofibrils. The myofibrils are in turnache up of
myofilaments of three types namely actin, myosind
tropomyosin. Thus the skeletal muscles have thateectural
levels namely muscle fibers, myofibrils and myanfilents.

> Examples of skeletal muscles include all muscldsoofy wall.

Smooth muscles:

> They are also known as plain, unstriped, visceamdliavoluntary
muscles.
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> Unlike skeletal muscles, they do not exhibit crssgtions under
the microscope and thus they got the name “smooth”

> They are supplied by autonomic nervous system hecefore
they are involuntary in their action. They do nbey the will of
human being.

> They respond slowly to stimuli but are capable afg time
sustained contractions. They do not get fatigweilyebecause of
their slowness of response.

> They provide motor power for regulating internavieonment
related to digestion, circulation, secretion arcretion.

> Each smooth muscle fiber is an elongated spindépesth cell
with a single nucleus placed at the center. Th&y @ossess actin
and myosin filaments but the structural arrangenenthese
filaments is very different as compared to thdetlé muscles.

> Examples of smooth muscles include muscles of blossels,
and muscles of the gut etc.

Cardiac muscles:

> They form the myocardium of human heart.

> Cardiac muscle is intermediate in structure lyirggween the
skeletal and smooth muscles. They are striated $ikeletal
muscles but at the same time they are involuntarg have
uninuclear cells like smooth muscles.

> They are meant for automatic rhythmic contractidos long
period of time.

> Each muscle fiber has a single centrally placedleusc The
fibers branch and anastomoses with each otherotm fa
syncitium. Neighboring cells are joined by intdated discs
which provide conductive pathways from one cekmother.

> Cardiac and skeletal muscles are "striated" in thay contain
sarcomeres that are packed into highly regulangements of
bundles; the myofibrils of smooth muscle cells ao¢ arranged
in sarcomeres and so are not striated. While #neomeres in
skeletal muscles are arranged in regular, patalietiles, cardiac
muscle sarcomeres connect at branching, irregulgles (called
intercalated discs). Striated muscle contractsratakes in short,
intense burst, whereas smooth muscle sustainsiong even
near-permanent contractions.
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Comparison of muscle types
Features Skeletal Muscle Smooth Muscle Cardiac Muscle
Location Attached to bones Walls of hollow organs, blood vessels, Heart
eyes, glands, and skin
Appearance = 4 — o e N |
[Erwsaet ——] ‘;"'“““ )
, < - S
Cell shape Very long and cylindrical (1 mm-4 cm}; Spindle-shaped (15-200 pm in length, Cylindrical and branched
extends the length of muscle fascicles, 5-8 um in diameter) (100-500 pm in length,
which in some cases is the length of 12-20 ym in diameter)
the muscle
Nucleus Multiple, peripherally located Single, centrally located Single, centrally located
Special cell-cell None Gap junctions join some visceral Intercalated disks join cells to c
attachments smooth muscle cells together another
Striations Yes No Yes
Control Voluntary and involuntary {reflexes) Involuntary Involuntary
Capable of No Yes (some smooth muscle) Yes
spontaneous
contraction
Function Body movement Food movement through the digestive Pumps blood; contractions pro

tract, emptying of the urinary bladder,
regulation of blood vessel diameter,
change in pupil size, contraction of
many gland ducts, movement of hair,
and many other functions

the major force for propellin
blood through blood vessels

Skeletal (voluntary) muscleis further divided into two broad types:
slow twitch andfast twitch:

Type |, slow twitch, or "red" muscle, is dense with capillaries and is
rich in mitochondria and myoglobin, giving the migsdissue its
characteristic red color. It can carry more oxygen sustain aerobic
activity using fats or carbohydrates as fuel. Stexich fibers contract
for long periods of time but with little force.

Type I, fast twitch muscle, has three major subtypes (lla, lIx, and llb)
that vary in both contractile speed and force gateelr Fast twitch fibers
contract quickly and powerfully but fatigue verpdly, sustaining only
short, anaerobic bursts of activity before musadet@action becomes
painful. They contribute most to muscle strengtid drave greater
potential for increase in mass. Type llb is anaetajlycolytic, "white"
muscle that is least dense in mitochondria and hopog In small
animals (e.g., rodents) this is the major fast neugge, explaining the
pale color of their flesh.
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The density of mammalian skeletal muscle tissusbisut 1.06 kg/liter.
This can be contrasted with the density of adigsselie (fat), which is
0.9196 kg/liter. This makes muscle tissue approteiyal5% denser
than fat tissue.

Humans are genetically predisposed with a largergoeage of one type
of muscle group over another. An individual bornthwia greater
percentage of Type | muscle fibers would theor#yidze more suited to
endurance events, such as triathlons, distancenginand long cycling
events, whereas a human born with a greater pagentf Type I
muscle fibers would be more likely to excel at anbh& events such as
a 200 meter dash, or weightlifting.

3.2 Gross anatomy

The muscular system consists of all the muscleseptein a single
body. There are approximately 650 skeletal musaléise human body,
but an exact number is difficult to define. Thefidiflty lies partly in the
fact that different sources group the muscles difidy and partly in
that some muscles, such as palmaris longus, ar@ways present

139



NSC 215 MODULE 3

Muscular fascia
(surrounds individual
muscles and groups

Synapse or neuromuscular junction

Fascicular Architecture of muscle

The arrangement of muscle fibers varies accordmghe direction,
force and range of habitual movement at a partiqolat. The force of
movement is directly proportional to the number amk of muscle
fibers, and the range of movement is proportioodhe length of fibers.
The muscles can be classified according to thengement of their
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fasciculi into the following groups.

Orbiculans oris
Pectoralis major Dettoid

(a) Circular

(b) Convergent J

() Multipennate
Biceps brachii

f ' (n
( ©)
(c) Parallel '\ { (f) Fusiform
Extensor digitorum longus - Ractus femoris

Sartorius (8) ——o

|
(d) Unipennate (@) Bipennate
Copyright € 2001 Banjamin Cummings, an imprint of Addison Wesley Longman, Inc.

Morphological Types of Muscles
Muscles with Parallel Fasciculi

These are muscles in which the fasciculi are paradl the line of pull.
These muscles may be:

1. Quadrilateral , for example thyrohyoid,

2. Strap-like, for example sternohyoid and sartorius.

3 Strap-like with tendinous intersections for example rectus
abdominis.

4. Fusiform, for example biceps brachii, digastric.

The range of movement in such muscles is maximum.

Muscles with Oblique Fasciculi:

When the fasciculi arc oblique to the line of pule muscle may be
triangular, or pennate (feathcr-like) in the comstion. This
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arrangement makes the muscle more powerful, altindbhg range of
movement is reduced. Oblique arrangements areedbtlowing types:

1. Triangular , e.g. temporalis, adductor longus.

2. Unipennate, e.g. flexor pollicis longus, extensor digitorum
longus, pcroncus tcrtius, palmar interossci.

3. Bipennate, e.g. rectus femoris, dorsal interossei, pcroncus
longus, flexor hallucis longus.

4. Multipennate, e.g. subscapularis, deltoid (acromial fibers].

5 Circumpennate, e.qg. tibialis anterior.

Muscles with Spiral or Twisted Fasciculi:

Spiral or twisted fibers are found in trapezius,ctpealis major,
latissimus dorsi, supinator, etc. In certain musdlee fasciculi are
crossed. These are called cruciate muscles, eegosteidomastoid,
masseter and adductor magnus.

Nomenclature of Muscles

The muscles have been named in a number of ways.

1. According to theishape e.g. trapezius, rhomboideus, scrratus
anterior, latissimus dorsi, etc.

2. According to theaumber of heads of origin e.g. biceps, triceps,
quadriceps, digastric, etc.

3. According to theigross structure e.g. scmilcndinosus, semi-
'membranosus, etc.

4. According to theirlocation, e.g. temporalis, supra-spinatus,
intercostales.

5. According to theirattachments e.g. stylohyoid, cricothyroid,
etc.

6. According to theiraction, e.g. adductor longus, flexor carpi
ulnaris, abductor pollicis longus, etc.

7. According to direction of theifibers, e.g. rectus abdominis,
transversus abdominis, orbicularis oculi.

8. A muscle with two bellies with an interveningnton is called

digastric muscle. Muscle with number of interventendons or
intersections are the rectus abdominis.

9. The muscles that extend over two or more jomuts called
diarthric or polyarthric muscles, e.g. flexor camaidialis and
flexor digitorum profundus.
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Nerve supply to the skeletal muscles

The nerve supplying a muscle is callesbtor nerve. In fact it is a
mixed nerve and consists of the following typeé§iloérs.

Motor fibers:

These fibers make up to 60% of a nerve to skeletascle. They
comprise of:

> Large myelinated alpha efferents which supply ewtreal
muscle fibers.

> Smaller myelin gamma efferents which supply intreahdibers
of the muscle spindles which refine and control sohel
contraction.

> The fine non-myelinated autonomic efferents whialppy
smooth muscle fibers of the blood vessels.

Sensory fibers:

They form up to 40% of a nerve to the muscle anthpitse of:

Myelinated fibers distributed to muscle spindlesgooprioception, also
to tendons. The axon of the motor nerve branchesyntimes after
entering a target muscle. Each of these branchdssnds way to
different set of muscle fibers (motor unit, seeolgl Near the midpoint
of the muscle fiber, the each branch splits agamming a small cluster
of terminal branches, which form the neuromuscjulaction.

3.3 Histogenesis

All muscles are derived from paraxial mesoderm. Tperaxial
mesoderm is divided along the embryo's length igomites,
corresponding to the segmentation of the body (rabstously seen in
the vertebral column. Each somite has 3 divisiaetgerotome (which
forms vertebrae), dermatome (which forms skin), amytome (which
forms muscle). The myotome is divided into two BB, the epimere
and hypomere, which form epaxial and hypaxial mesciespectively.
The only epaxial muscles in humans are the eresgorae and small
intervertebral muscles, and are innervated by thesad rami of the
spinal nerves. All other muscles, including thodetle limbs are
hypaxial, and innervated by the ventral rami of¢paal nerves.

During development, myoblasts (muscle progenitdisteither remain
in the somite to form muscles associated with tégebral column or
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migrate out into the body to form all other muscMyoblast migration
is preceded by the formation of connective tissaenéworks, usually
formed from the somatic lateral plate mesoderm. Iblgsts follow
chemical signals to the appropriate locations, wherey fuse into
elongate skeletal muscle cells.

Microanatomy

Skeletal muscles are sheathed by a tough layeroohective tissue
called the epimysium. The epimysium anchors musssele to tendons
at each end, where the epimysium becomes thicketicaltagenous. It
also protects muscles from friction against othersoles and bones.
Within the epimysium are multiple bundles callegdiales, each of
which contains 10 to 100 or more muscle fibersemilVely sheathed by
a perimysium. Besides surrounding each fascicke,pirimysium is a
pathway for nerves and the flow of blood within thauscle. The

threadlike muscle fibers are the individual musmés (myocytes), and
each cell is encased within its own endomysium afagen fibers.

Thus, the overall muscle consists of fibers (cahst are bundled into
fascicles, which are themselves grouped togethdorto muscles. At

each level of bundling, a collagenous membraneosuds the bundle,
and these membranes support muscle function botledisting passive
stretching of the tissue and by distributing forapglied to the muscle.
Scattered throughout the muscles are muscle sginiiat provide

sensory feedback information to the central nerveystem. (This

grouping structure is analogous to the organizationerves which uses
epineurium, perineurium, and endoneurium).
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Nucleus Muscle fiber

Mitochondrion
Sarcolemma

Dark A band

Sarcoplasmic Sarcomere
reticulum 1

Thin (actin) | [ _ ~  Thick (myosin)
filament Z disc H zone Z disc filament
e

T
| band A band | band M line

A skeletal muscle fiber is surrounded by a plasnembrane called the
sarcolemma, which contains sarcoplasm, the cytoplaismuscle cells.
A muscle fiber is composed of many fibrils, whiciveg the cell its

striated appearance.

This same bundles-within-bundles structure is oapéid within the
muscle cells. Within the cells of the muscle areofiyils, which
themselves are bundles of protein filaments. Then témyofibril"
should not be confused with "myofiber", which issenply another
name for a muscle cell. Myofibrils are complex stta of several kinds
of protein filaments organized together into repeatunits called
sarcomeres. The striated appearance of both skatetacardiac muscle
results from the regular pattern of sarcomeres iwittheir cells.
Although both of these types of muscle contain@aeres, the fibers in
cardiac muscle are typically branched to form awoeék. Cardiac
muscle fibers are interconnected by intercalatedsiigiving that tissue
the appearance of a syncytium. The filaments inaecanere are
composed of actin and myosin.

3.4 Neuromuscular junction

Neuromuscular Junction is a synapse between thermetiron and the
muscle fiber. It is an important structure throughich the impulse is
transferred from the motor nerve to the muscle rfibkctually the
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synapse occurs between tlsgnaptic end bulbs” of the motor neuron
and“motor end plate” of muscle fiber. The motor end plate is in fact
the highly excitable region of muscle fiber plasmambrane and it is
responsible for initiating action potentials acrdee muscle surface.
This effect ultimately results in muscle contrantio

Synaptic end Bulb

Axon terminal in

Synaptic vesicles w synaptic trough

.-.‘ :
_’,\.
.

P . 5 v, .
i 2 - - - - o -.

Motor End Plate Subneural clefts

Muscle Spindles:

Muscle spindles are spindle-shaped sensory enchergathe skeletal
muscle. Each spindle contains 6 to 13 intramurasateufibers which
are of two types, the larger nuclear bag fibers, e smaller nuclear
chain fibers. The spindle is innervated by both ¢kasory and motor
nerves. The sensory endings are of two types, tiraapy sensory
endings (annulospiral endings) around the cenualear region of the
intramural fibers, and the secondary sensory ewsdiilpwer spray
endings) beyond the nuclear region on either sideese fibers.

The motor nerve supply of the spindle is derivesirfrgamma motor
neurons of the spinal cord. Muscles spindles acsteetch receptors.
They record and help regulate the degree and faterdraction of the
extrafusal fibers by influencing the alpha neurons.

Motor Point:

It is the site where the motor nerve enters thecteust may be one or
more than one. Electrical stimulation at the mopmint is more
effective.

Motor unit (myone):
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It is defined as a single alpha motor neuron tagrethith the muscle
fibers supplied by it. The size of motor unit deggmipon the precision
of muscle control. Small motor units (5-10 musdlefs) are found in
muscles of fine movements (extra-ocular muscleajgé& motor units
(100-2000 muscle fibers) are found in muscles afsgrmovements
(proximal limb muscles).

Composite/hybrid muscle:

Muscle supplied by two different motor nerves wdifferent root values
Is called a composite or hybrid muscle. Examplesamhposite muscles
are adductor magnus, flexor digitorum profundus pexctoralis major.

Anatomy of neuromuscular junction:
The neuromuscular junction is composed of thretspar

Synaptic end bulbs:As the axon of the motor neuron enters the skeletal
muscle, it forms many branches called axon termainat the end of
each axon terminal, there is a bulbous swellingedafsynaptic end
bulb”. Each synaptic end bulb contains many sycapéisicles. These
vesicles contain the all-important neurotransmiebstances such as
acetylcholine. These neurotransmitter substancesresponsible for
transmission of impulse from axon to muscle filleotigh the synapse.

Motor end plate: It is the part of the sarcolemma of muscle celliolwh
Is in closest proximity to the synaptic end bulbsHows certain specific
features different than those of other regions o$dle cell sarcolemma,
including:

Synaptic Gutter: It is the invaginated membrane, which forms space
for the synaptic end bulbs to reach close to theateuiber sarcolemma.

Subneural Clefts: These are small folds of the muscle membrane
present at the bottom of the synaptic gutter. Tgatly increase the
surface area at which the neurotransmitter canlacteased number

of mitochondria: The area of the muscle fiber surrounding the motor
end plate shows a considerable increase in the euoflimitochondria.
The obvious reason for this is the energy demantie@heuromuscular
junction.

The Synaptic cleft:

Synaptic cleft is the space between the motor date gmuscle fiber
part) and synaptic end bulb (motor neuron partjhef neuromuscular

147



NSC 215 MODULE 3

junction. It is 20 to 30 nanometers wide. Becaukdhes cleft, the
connection between the motor neuron and the mulloér is not
continuous and there is a break. This break isetsmd by the
neurotransmitters. This shows the importance dddlsibstances in the
activity of muscles (and all other nervous contngichanisms).

Difference between synapse and neuromuscular juncin:

Synapses and neuromuscular junctions are physaalbgithe same;
however, the neuromuscular junction is a specifietof synapse that
occurs between motor neuron and muscle fiber. Aeroplaces in the
body, such as the Central Nervous System, thetsteuovith similar

role is known as synapse.

3.5 Clinical correlates
Weight Lifters and Muscle Length

Weight lifters and others who lift heavy objectsually assume

positions so that their muscles are stretched ctostheir optimum

length before lifting. For example, the positionvaight lifter assumes
before power lifting stretches the upper limb amddr limb muscles to
a near-optimum length for muscle contraction, dreldtance a lineman
assumes in a football game stretches most musolggrin the lower

limbs so they are near their optimum length fordamdy moving the

body forward.

Paralysis:

Loss of motor power (power of movements) in musdkescalled
paralysis. This causes inability of the musclescemtract. The root
cause of paralysis can be of two types;

) Damage to motor neural pathways
Inherent disease of muscles

In the type of paralysis caused by damage to ma¢orral pathways,
either the upper or lower motor neuron might be é¢xact point of

damage. In the case of upper motor neuron, spaatalysis is caused
which is accompanied by exaggerated tendon jerkghd case of lower
motor neurons, flaccid paralysis is caused in wiiedre are no tendon
jerks.

Rigor mortis
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The development of rigid muscles several hourg aiath, is similar to
physiologic contracture. ATP production stops digoafter death, and
ATP levels within muscle fibers decline. Becausda ATP levels,
active transport of Ca2+ into the sarcoplasmiccuitim stops, and
Ca2+ leak from the sarcoplasmic reticulum into tea&rcoplasm.
Calcium ions can also leak from the sarcoplasnticukim as a result
of the breakdown of the sarcoplasmic reticulum memé after cell
death. As Ca2+ levels increase in the sarcoplasoss<bridges form.
Without ATP, cross-bridges do not release, andhthecles remain stiff
until tissue degeneration occurs

Disuse atrophy and Overuse hypertrophy:

The muscles which are not used for long times bectnim and weak.
This is calleddisuse atrophy. Conversely, adequate or excessive use of
particular muscles causes their better developnoemtyenhypertrophy.
Muscular ‘wasting’ (reduction in size) is a featuoé lower motor
neuron paralysis and generalized debility.

f. [ !
Normal Biceps '
Musde Atrophied
Biceps ;
Muscle ',-"
/
7 ¥

Muscle atrophy

Regeneration of skeletal muscle:

Skeletal muscle is capable of limited regeneratlbfarge regions are
damaged, regeneration does not occur and the migssinscle is
replaced by connective tissue.

Hyperplasia: Hyperplasia means increase in muscle mass. The most

common cause is the increase in number of smoothcleuibers.
Usually occurs in uterus during pregnancy.
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Myasthenia Grauvis:

Myasthenia gravis is an autoimmune disease of raustlunknown
origin. Antibodies are produced that bind to aagtgline receptor and
block it. The nerve impulse transmission to mudiders is therefore
blocked. This leads to extensive and progressivesctauweakness
although the muscles arc normal. Extraocular argligeymuscles are
affected first, followed by those of the neck amdls. It affects more in
women than men and usually those between age anh@@0 years.

Polymyositis:

Polymyositis is a disease of muscle characterizedftammation of the
muscle fibers. It starts when white blood cells rfiome cells of
inflammation) spontaneously invade the muscle. Nassclose to trunk
or torso are mostly affected by polymyositis thasuits in severe
weakness. Polymyositis associated with skin rasheferred to as
“dermamyositis”.

Anabolic steroids are synthetic hormones related to testosterone, a
reproductive hormone secreted by the testes. Amalstéroids have
been altered so that their reproductive effectsnair@mized but their
effect on skeletal muscles is maintained. Theyease muscle size and
strength, but not muscle endurance. Some athledgs taken large
doses of anabolic steroids to improve their atblgtierformance.
Harmful side effects are associated with taking bahea steroids,
however, such as periods of irritability, acne titegar atrophy and
sterility, heart attack, stroke, and abnormal lifitgrction. Most athletic
organizations prohibit the use of anabolic steroids

Angina Pectoris:

Angina pectoris is episode of chest pain due topteary ischemia of
cardiac muscle. It is usually relieved by rest aitdtes.

Myocardial ischemia:

Persistent ischemia due to blockage of more thanastery results in
necrosis (death) of the cardiac muscle. Pain isreleved by rest and
gets referred to the left arm, chest and neighigaaneas.

4.0 CONCLUSION

Muscles are responsible for movement of the bodlis gike arms, legs,
trunk and pumping of the heart. Muscles also helpnaintenance of
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posture; respiration; production of body heat; camitation;

constriction of organs and vessels; and heartbids. three types of
muscle are skeletal, smooth, and cardiac. Skelatiaktle is responsible
for most body movements, smooth muscle is foundhm walls of

hollow organs and tubes and moves substances thrdugm, and
cardiac muscle is found in the heart and pumpsdloo

5.0 SUMMARY
In this unit, you have learnt that:

I Muscle is responsible for movement of the arlegs, heart, and
other parts of the body; maintenance of postuespiration;
production of body heat; communication; constoictof organs
and vessels; and heartbeat.

. Muscle exhibits contractility (shortens foradf), excitability
(responds to stimuli), extensibility (can be sthetd and still
contract), and elasticity (recoils to resting lgmg

iii.  The three types of muscle are skeletal, sinp@nd cardiac.
Skeletal muscle is responsible for most body mar&s) smooth
muscle is found in the walls of hollow organs amties and
moves substances through them, and cardiac misséeind in
the heart and pumps blood.

\2 Muscles are composed of muscle fascicles, whi® composed
of muscle fibers. Epimysium surrounds muscles,inpgium
surrounds muscle fascicles (bundles), and endamysurrounds
muscle fibers.

V. Actin and myosin myofilaments do not changdength during
contraction. Actin and myosin myofilaments slidasp one
another in a way that causes sarcomeres to shorten

Vi. In the neuromuscular junction, the presynapéioninal of the
axon is separated from the postsynaptic membratteeanuscle
fiber by the synaptic cleft. Action potentials sauCa2+ channels
in the presynaptic terminal to open. Calcium idiisuse into the
presynaptic terminal, stimulating the release oétgcholine
from the presynaptic terminal. Acetylcholine bindsreceptors
of the postsynaptic membrane, thereby changing breme
permeability and producing an action potentialjohlstimulates
muscle contraction.

vii.  Muscles contract in a graded fashion becanfsenultiple-fiber
summation and frequency summation. Multiple-fisemmation
increases the number of motor units activated redsefrequency
summation increases the force of contraction abmanits.
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6.0 TUTOR MARKED ASSIGNMENTS

6.1 In the histology laboratory, identify the differezscin the various
types of muscles and report your findings in thgebhook.

6.2 Answer the following questions.

The major functions of muscle include

movements, such as walking.

maintaining body posture when standing still.

maintaining body temperature.

moving materials through hollow organs, suchtres stomach
and heart.

all of the above

eoooaPk

@

Which of these is true of skeletal muscle?
spindle-shaped cells

under involuntary control

many peripherally located nuclei per musclé cel
forms the walls of hollow internal organs

may be autorhythmic

Which of these events occurs during the lateiiid phase of
muscle contraction?

cross-bridge movement

active transport of Ca2+ into the sarcoplasmiiculum
Ca2+ binding to troponin

sarcomere shortening

ATP binding to myosin

WP 2o TN

"0 TQ

»

With stimuli of increasing strength, which bese is capable of a
graded response?

nerve axon

muscle fiber

motor unit

whole muscle

A patient is thought to be suffering from ertheuscular
dystrophy or myasthenia gravis. How would you idgish
between the two conditions?

oo T
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1.0 INTRODUCTION

Mannequins are rigid, expressionless, immobile eaoons of the

human form. They cannot walk or talk. One of thgamaharacteristics

of living human beings is our ability to move ahoWithout muscles,

humans would be little more than mannequins. Weldvoat be able to

hold this book or turn its pages. We would not bk do blink, so our

eyes would dry out. None of these inconveniencesldvbother us for

long because we would not be able to breathe, reithée use our

skeletal muscles all the time. Skeletal musclesatteeched to bones by
tendons while Ligaments are fibrous tissues thanheot bones to other
bones.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o Describe the anatomy of the ligaments and tendons
o Name the types of ligaments found in the partheflitody.
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3.0 MAIN CONTENT

3.1 Ligaments

In anatomy, digament is the fibrous tissue that connects bones to other
bones and is also known adicular ligament, articular larua, fibrous

ligament, or true ligament.

Ligament can also refer to:

o Peritoneal ligament: a fold of peritoneum or other membranes.
° Fetal remnant ligament: the remnants of a fetal tubular structure.
o Periodontal ligament: a group of fibers that attach the cementum

of teeth to the surrounding alveolar bone.

Ligaments are similar to tendons and fasciae ag #ne all made of
connective tissue. The differences in them arehe donnections that
they make; ligaments connect one bone to anothee,btendons
connect muscle to bone and fasciae connect musxlether muscles.
These are all found in the skeletal system of tihedn body. Ligaments
cannot usually be regenerated naturally, howeveretlare periodontal
ligament stem cells located near the periodontdntient which are
involved in the adult regeneration of periodonigdment.

Articular ligaments

"Ligament” most commonly refers to a band of toufibrous dense
regular connective tissue bundles, made of atteduatbllagenous
fibers; with said bundles protected by dense ifl@goonnective tissue
sheaths. Ligaments connect bones to other bongsrtoa joint. They
do not connect muscles to bones; that is the joltenflons. Some
ligaments limit the mobility of articulations, orrgvent certain
movements altogether.

Capsular ligaments are part of the articular capdblt surrounds
synovial joints. They act as mechanical reinforcetsieExtra-capsular
ligaments join together in harmony with the othgaiments and provide
joint stability. Intra-capsular ligaments, whicheamuch less common,
also provide stability but permit a far larger rangf motion. Cruciate
ligaments occur in pairs of three.

Ligaments are viscoelastic. They gradually shrilew under tension,
and return to their original shape when the tensisnremoved.
However, they cannot retain their original shapembompassed past a
certain point or for a prolonged period of time.isTts one reason why
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dislocated joints must be set as quickly as possiiblthe ligaments
lengthen too much, then the joint will be weakenset,oming prone to
future dislocations. Athletes, gymnasts, dancers] anartial artists
perform stretching exercises to lengthen theirnigats, making their
joints more subtle.

The term hypermobility refers to people with motaséc ligaments,
allowing their joints to stretch and contort funthehis is sometimes still
called double-jointedness.

The consequence of a broken ligament can be ifisgabf the joint.
Not all broken ligaments need surgery, but, if suygis needed to
stabilise the joint, the broken ligament can beamgal. Scar tissue may
prevent this. If it is not possible to fix the bewk ligament, other
procedures such as the Brunelli procedure can aothe instability.
Instability of a joint can over time lead to wedr the cartilage and
eventually to osteoarthritis.

Peritoneal ligaments

Certain folds of peritoneum are referred to legaments. Examples
include:

> The hepatoduodenal ligament that surrounds theticepartal
vein and other vessels as they travel from theddoom to the
liver.

> The broad ligament of the uterus, also a fold oftpeeum.

Fetal remnant ligaments

Certain tubular structures from the fetal periog aeferred to as
ligaments after they close up and turn into cord-like struesu

Fetal Adult

ductus arteriosus ligamentum arteriosum

extra-hepatic portion of the fetaligamentum teres hepatis (the
left umbilical vein “round ligament of the liver").

intra-hepatic portion of the fetaligamentum venosum
left umbilical vein (the ductus
Venosus)
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distal portions of the fetal left andnedial umbilical ligaments
right umbilical arteries

3.2 Tendons

A tendon is a tough, flexible band of fibrous cocthes tissue that
connects muscles to bones. The extra-cellular ativeetissue between
muscle fibers binds to tendons at the distal amxipral ends, and the
tendon binds to the periosteum of individual boaiethe muscle's origin
and insertion. As muscles contract, tendons trantmi forces to the
relatively rigid bones, pulling on them and causmgvement. Tendons
can stretch substantially, allowing them to functi&s springs during
locomotion, thereby saving energy.

Tendons are similar to ligaments and fasciae. Alee are made of
collagen but histologically, tendons consist of skemegular connective
tissue fascicles encased in dense irregular conedwtsue.

Tendon lengths varies in all major groups and fimenson to person.
The tendon length is, in practice the decidingdactgarding actual and
potential muscle size. For example, all other rah\biological factors
being equal, a man with shorter tendons and lobgeps muscle will

have a greater potential for muscle mass than a widn a longer

tendon and a shorter muscle.

Tendon length is determined by genetic predispositand has not been
shown to either increase or decrease in responseviconment, unlike

muscles, which can be shortened by trauma, uselamies and a lack
of recovery and stretching.

The function of tendons have been traditionallystdered to simply be
a mechanism by which muscle connect to bone, foniciy simply to
transmit forces. Tendons are viscoelastic strustukich implies that
they exhibit both elastic and viscous behaviour.

HEALING

The healing process for a broken tendon is long paidful. Most
people who do not receive medical attention withia first 48 hours of
the injury will suffer from severe swelling, paend a burning sensation
where the injury occurred.

There three main stages of tendon healing arenmmfiation, repair or
proliferation and remodeling. These stages canlaweavith each other.
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Posterior view of the leg showing the calcaneadloen

3.3 Clinical correlates

Tendons are subject to many types of injuries. &lage various forms
of tendon injuries due to overuse.

Paratenonitis

This refers to inflammation of the paratenon, orapendinous sheet
located between the tendon and its sheath.

Tendinosis

Non- inflammatory injury to the tendon at the ckllulevel. The
degradation is caused by damage to collagen, caild,the vascular
components of the tendon. This is known to leadipdure.

Tendinitis

This refers to degeneration with inflammation o tendon as well as
vascular disruption.
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4.0

CONCLUSION

Tendons, ligaments and fasciae are similar in @lighree are made of
collagen but the differences in them are in theneations that they
make; ligaments connect one bone to another b@melohs connect
muscle to bone and fasciae connect muscles to pthscles.

5.0

SUMMARY

In this you unit, you have learnt that:

6.0

6.1

6.2

1.
2.

7.0

Tendons, ligaments and fasciae are similarhat &ll three are
made of collagen but the differences in them ame the

connections that they make; ligaments connect boee to

another bone, tendons connect muscle to bone asdaé
connect muscles to other muscles

Ligaments are the fibrous tissues that comndxines to other
bones.

Some of the ligaments found in the body aféricothyroid

ligament and Periodontal ligament found in thechaad neck, in
the thorax, the suspensory ligament of the breastt in the
pelvis, anterior sacroiliac ligaments.

Some clinical disorders associated with tersdomclude
tendonitis and tendinosis.

TUTOR MARKED ASSIGNMENTS

At the gross anatomy laboratory, identify the ligants and
muscle tendons that are found in the knee joint.

Self-Assessment Tests

Describe the ligaments found at the knee joint
Discuss the four fetal remnant ligaments

REFERENCES AND OTHER RESOURCES
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pathophysiology for allied health
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1.0 INTRODUCTION

Muscles pull on bones to make them move, but mowemeuld not be

possible without joints between the bones. Humawsldvresemble

statues, were it not for the joints between bored allow bones to
move once the muscles have provided the pull. Meclparts most
likely to wear out are those that rub together, &y require the most
maintenance. Movable joints are places in the hwldgre the bones rub
together, yet we tend to pay little attention terth Fortunately, our
joints are self-maintaining, but damage to or diseaf a joint can make
movement very difficult.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o Classify the types of joints in the body and idgntineir location.
o Describe the bursae in the body.

3.0 MAIN CONTENT

3.1 Joints

A joint, articulation (or articulate surface) is the location at which
bones connect. They are constructed to allow mowmer(except for

skull bones) and provide mechanical support, ane dassified
structurally, functionally and regional.
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An articulate facet is generally seen as a small joint, especially used
when speaking of the joints of the ribs.

Joint is a junction between two or more bones dilages. It is a device
to permit movements in a hard and rigid skeletomtd are formed in

such a way that they keep a balance between themmet, stability

and strength of human skeleton. However there @reegypes of joints
where movements are sacrificed for stability andother cases the
stability is sacrificed for movements. For examible shoulder joint and
hip joint are both ball and socket joints but sldeuljoint is more mobile
and less stable while hip joint is more stable k&3sd mobile. Also there
are certain types of joints where motion does mouo These joints are
called immovable joints and are primarily meant gwowth and they

permit moulding during child birth.

There are more joints in a child then in an ad@tduse as growth
proceeds some of the bones fuse together e.gsthéum, ilium and
pubis fuse together to form the pelvic bone (hipdjo Similarly the two
halves of the infant frontal bone and of the infanandible fuse
together, five sacral vertebrae form one sacrum fand coccygeal
vertebrae form one coccyx.

Some basic terms related to joints:

Male surface: An articulating surface which is larger in surfeaea
and always convex in all directions.

Female surface:An articulating surface which is smaller and corecav
in all directions.

Simple joints: Joints with only two articulating surfaces; maledan
female.

Compound joints: Joints possessing more than two articulating
surfaces.

Degrees of freedomNumber of axes at which the bone in a joint can
move.

Uni-axial movement: Movement of bone at a joint limited to one axis
only that is with one degree of freedom

Bi-axial movement: Movement of a bone at a joint with two degrees of
freedom
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Multi-axial movement: Movement of a bone at a joint limited to three
axes with intermediate positions as well.

Terms used for movements of joints:

Angular movements: Movements in which the angle between two
adjoining bones is changed. They are of two types;

1. Flexion and extension: These are bending and straightening
respectively.

2. Adduction and abduction: Movement towards and away from
the midline of the body respectively:

Circumduction: When a long bone circumscribes a conical space.

Rotation: Bone moves around a longitudinal axis.

Adjunct rotation: Independent rotation

Conjunct rotation: Rotation which accompany other movements.

Spin: Simple rotation around the bone’s stationary medahaxis.

Swing: Any displacement of the bone and its mechanica attier than
spin. Swing may be pure or impure (swing + elenoérspin).

Ovoid of motion: This represents an imaginary surface which will
include all possible paths of a point on the mea@raxis of the bone
at some distance from its related joint.

Cardinal swing: When the mechanical axis moves in the shortest
pathway when bone moves

Arcuate swing: When the mechanical axis moves in the longest
pathway when bone moves.

Co-spin: When the effect of adjunct rotation is additivetibe normal
spin

Anti-spin: When the effect of adjunct rotation is nullifyingh dhe
normal spin.

Shapes of articular surfaces:

Ovoid: When the ovoid is convex it is called male ovoid avhen the
ovoid is concave it is called female ovoid.
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Saddle shapedThese are convex in one plane and concave in tie ot
perpendicular plane.

3.2 Classification of joints

Joints of human beings can be classified on diffebases. Each base
divides joints into different categories. There digee types of
classifications of joints; Structural classification, Functional
classification, andRegionalclassification.

Structural classification:
(A) Fibrous joints:

In this type of joints the bones are joined togetine means of fibrous
tissue. Due to the presence of fibrous tissue theisd¢s are either
immovable or permit movement to a very little extdtibrous joints are
further divided into the following subtypes;

1. Sutures: These are peculiar to skull and are immovable.
According to the shape of the bony margin thergstinay be;

Plane sutures
Serrate sutures
Denticulate sutures
Squamous sutures
Limbous sutures
Schindylesis
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Types of Sutures

2. Syndesmosis: In this type of fibrous joints the bones are
connected with interosseus ligament for exampke itiferior
tibiofibular joint.

Anterior talofibular ligament

Posterior talofibular ligament
Calcaneofibular ligament
Lateral talocalcaneal ligament

Anterior |}
talocaleaneql]
ligamend

Inferior tibiofibular joint
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3. Gomphosis: These are also known as peg and socket joints.
Examples are tooth in the socket.

[ i
s
%
)

Maxillary sinus

First and sccond
SUpETIUT Pre=
molars

Superior
canines

Lateral and
medial
incisors

Firs! and sve-
_ond inferior
promolars

Mental fora-

Meaudtular canal ~ men

Inferior molars )

Gomphosis (Teeth in their Sockets)
(B) Cartilaginous joints:

In this type of joints there is a piece of cartdalgetween the bones
which hold the bones together and makes a jointil@ginous joints are
further divided into the following subtypes;

1. Primary cartilaginous joints: (synchondrosis): In this subtype
the bones are united by a plate of hyaline cgeilao that the
joint is immovable and strong. These joints amaperary in
nature because after a certain age the cartilaginbate is
replaced by the bone. Examples of this type aitgoare joint
between the epiphyses and diaphysis of a growing bone, the
costochondral joint and the first chondrosterpattj
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Joint between epiphysis and diaphysis with interveing epiphyseal
plate of cartilage

2.

Secondary cartilaginous joints: (symphysis):These are also
known as fibro-cartilaginous joints. There artaulsurface is
covered by a thin layer of hyaline cartilage ahd bones are
united by fibro-cartilage. These joints are perer@mand persist
throughout the life of an individual. Typically éhsecondary
cartilaginous joints occur in the median planetled body and
permit limited movements because of compressitdel f

cartilage in them. The thickness of the fibro-tage in these
joints is directly related to the range of moveftrtée joint offers.

Examples of this type of joints are; symphysisipumanubrio-
sternal joint and intervertebral joints betweere thertebral
bodies.
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Symphysis
Pubis

Interpubic

fibro-

cartilaginous
lamina

Transverse acelabular
ligament

Symphysis Pubis
Synovial joints:

Synovial joints are most evolved and therefore musbile type of
joints.

Functional classification

Immovable joints: (Synarthroses)

They are fixed joints at which there is no movemeltte articular
surfaces are joined by tough fibrous tissue. Ofitenedges of the bones
are dovetailed into one another as in the suturésecskull.

Partially moveable joints: (Amphiarthroses)

They are joints in which slight movement is possil#\ pad of cartilage
lies between the bone surface and there is a bcapsule to hold the
bone and cartilage in place. The cartilages of goeits also act as
shock absorbers for example the intervertebrakdistween the bodies
of vertebrae where the cartilage is strengtheneekina collagen fibers.
Freely moveable joints: (Diarthroses)

They are the synovial joints of structural clagsifion. They are freely

moveable though at some of them the movement isiatesl by the
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shape of the articulating surfaces and by the lgg@smwhich hold them
together. These ligaments are of elastic connetisgae.

Regional classification:

Skull type: They are the joints of the skull and are immovable
Vertebral type: They are the joints of vertebral column and arghsly
moveable

Limb type: They are the joints of upper and lower limbs arel fegely
moveable.

Synovial Joints

Synovial joints are most evolved and therefore nmosbile type of
joints. They possess the following characteristatdires;

> There articular surfaces are covered with hyaliakilage. This
articular cartilage is avascular, non-nervous aalastic.
Lubricated with synovial fluid, the cartilage fosmslippery
surfaces for free movements.

> Between the articular surfaces there is a joinitgditled with
synovial fluid. The cavity may be partially or cpletely
subdivided by an articular disc known as meniscus.

> The joint is surrounded by an articular capsuleciwhs fibrous in
nature and is lined by synovial membrane. Becauisés rich
nerve supply the fibrous capsule is sensitivetretches imposed
by movements.

> The synovial membrane lines the entire joint exdbptarticular
surfaces covered by hyaline cartilage. It is timembrane that
secretes the slimy fluid called synovial fluid whilubricates the
joint and nourishes the articular cartilage.

> Varying degrees of movements are always permittgdthe
synovial joints.
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Types of synovial joints:

Scheme of Types of Synovial Joints (Image Source:
Produnis/Wikipedia)

Synovial joints are of the following types;

1). Plane synovial joints:

The articular surfaces of plane synovial joints arere or less plane.
These joints permit gliding movements in variousdions. Examples

are intercarpal joints, intertarsal joints, andhjeibetween the articular
processes of vertebrae.
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Distal radioulnar
articulation

Wrist-joint Articular disc
Ulnar collateral ligament
Radial collateral

ligament .
== Pistform

+l8

Plane Synovial Joints of Carpus
2). Hinge joints:

In these joints the articular surfaces are pullegpgd. There are strong
collateral ligaments to provide stability to theingp Movements are

permitted in one plane around a transverse axianiples are elbow

joint, ankle joint, interphaleangeal joint.

Hinge Joint (Elbow Joint)
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3). Pivot joints:

Pivot joints are formed by a central bony pivotreunded by an osteo-
ligamentous ring. Movements are permitted in onan@l around a
vertical axis. Examples of this type are superiwd anferior radioulnar
joints and the median atlantoaxial joint.

Proximal Radioulnar Joint
4).  Condylar joints:

These are also known as bicondylar joints. Theteuar surfaces
consist of two distinct condyles in which one is1eex surface (called
the male surface) fitting into a concave surfacalléd the female
surface) of the other bone. These joints mainlyritethe movement in
plane around a transverse axis. Example of thie tyfpjoints is knee
joint.
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Knee Joint (Posterior Viéw)
5). Ellipsoid joints:

In this case the articular surfaces include an cealvex male surface
fitting into an ellipsoid female surface. The mowts are permitted
around two axis; flexion and extension around tla@dverse axis and
adduction and abduction round antero-posterior. a@mmbination of
these movements produces Circumduction. Typicadtimt around a
third vertical axis does not occur. Examples ot ttyipe of joints are
wrist joint, metacarpophalangeal joint and atlaoteipital joint.
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of the
right hand §
(palm down)

Wrist Joint (ellipsoid Join)
6). Saddle joints:

Articular surfaces are reciprocally concavo-convéfovements are
similar to those permitted by ellipsoid joint witddition of some
rotation (conjunct rotation (rotation which accompa other
movements)) around a third axis which occurs inddpatly. Examples
of this type of joints are first carpometacarpahip sternoclavicular
joint, calcaneocuboid joint.

Saddle Joint
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7). Ball and socket joints:

These are also called spheroidal joints. Therewdati surfaces include a
globular head fitting into a cup shaped socket. &oent occurs around
an indefinite number of axes which have common erenflexion,
extension, abduction, adduction, rotation, Circuatidun all occur quite
freely. Examples of this type of joints are shoulgent, hip joint and
talo-calcaneonavicular joint.

&
Ball and Socket Joint (Hip Joint)

Blood supply of Synovial Joints:

The articular and epiphyseal branches given offthey neighboring
arteries form a peri-articular arterial plexus. Narous vessels from this
plexus pierce the fibrous capsule and form a rigbcular plexus in the
deeper part of the synovial membrane. The bloodels®f the synovial
membrane terminate around the articular margire innge of looped
anastomoses termed the circulus vasculosus (cgcudtticularis
vasculosus). It supplies the capsule, synovial nman# and the
epiphyses. The articular cartilage is avascular.

After epiphyseal fusion in growing long bones themenunications
between the circulosus vasculosus and the endesrtarthe metaphysis
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are established thus minimizing the chances ofoasyelitis in the
metaphysis.

Lymphatic drainage of synovial joints:

Lymphatics form a plexus and the subintima of theosial membrane
and drain along the blood vessels to the regioea@paodes.

Stability of synovial joints:

The various factors maintaining the stability ajomt are described
below in order of their importance;

1. Muscles: The tone of different groups of muscles acting loa t
joint is the most important and indispensable dacin
maintaining the stability. Without muscles, theekrand shoulder
would have been unstable and the arches of foatldvbave
collapsed.

2. Ligaments: These are important in preventing any over
movement and in guarding against sudden accidestitesses.
However they do not help against a continuousirstoacause
once stretched, they tend to remain elongatethignrespect the
elastic ligaments (ligament flava and the ligamsewit the joints
of auditory ossicles) are superior to the commype tof white
fibrous ligaments.

3. Bones:They help in maintaining the stability only in firtppe of
joints like the hip and ankle joints. Otherwise nmost of the
joints there role is negligible.

3.3 Bursae

A bursa is Latin for purse (plurabursae) is a small fluid-filled sac
lined by synovial membrane with an inner capilldayer of viscous
fluid (similar in consistency to that of a raw egtpite). It provides a
cushion between bones and tendons and/or musdesdaa joint. This
helps to reduce friction between the bones andvallfsee movement.
Bursae are filled with synovial fluid and are fouacbund most major
joints of the body.

There are four types of bursa: adventitious, subwaus, synovial, and
sub-muscular. Among these, only adventitious is-mative. When any
surface of the body is subjected to repeated stagsadventitious bursa
develops under it. Examples are Students' elbowbandn.
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Infection or irritation of a bursa leads to bussifinflammation of a
bursa). The general term for disease of bursabussbpathy”. Current
medical studies have no specific knowledge of tiieeebursae system.

A bursa is a small fluid-filled sac made of whitlerbus tissue and lined
with synovial membrane. Bursa may also be formedabgynovial
membrane that extends outside of the joint capsulé provides a
cushion between bones and tendons and/or musdesda joint; bursa
is filled with synovial fluid and is found arountirest every major joint
of the body.

3.4 Classification of bursae

There are four types of bursa: adventitious, subwaus, synovial, and
sub-muscular. Among these, only adventitious is-mative. When any
surface of the body is subjected to repeated stagsadventitious bursa
develops under it. Examples are Students' elbowbandn.

Infection or irritation of a bursa leads to bussi{inflammation of a
bursa). The general term for disease of bursabussbtpathy”. Current
medical studies have no specific knowledge of titeeebursae system.

4.5 Clinical correlates
Dislocation of joint:
This is a condition in which the articular surfacef the joint are

abnormally displaced so that one surface losesaidact completely
with the other. If a partial contact is still retad, it is better called
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subluxation rather than dislocation. Dislocatiort@nmonly caused by
trauma and is characterized by pain, deformity lasd of function. X-
ray is used for confirmation.

Sprain:

It is the severe pain in the joint caused by ligatoes tear, but without
any associated dislocation or fracture. The teanlddo effusion into the
ligament and joint causing great pain.

Arthritis:

It is the inflammation of one or more joints. linche caused by a variety
of diseases but the common types of arthritis laeeimatic, rheumatoid,
osteoarthritis and tuberculoses. The involved j@rdommonly swollen
and its movements are restricted and painful.

Osteoarthritis:

It represents the ageing process. In old age tiwular cartilage shows
degenerative changes in the center (fibrillation aartilage) and
proliferative changes around the edges. Due to lthgs are formed
around the edges of joints.

Stiffness of joints related to weather:

The viscosity of synovial fluid increases with fall temperature. This
accounts for stiffness of the joints in cold weatiobility of the joint
itself is an important factor in promoting lubriwat. Thus the stiffness
of the joints experienced in the morning graduadbsses off as the
movements are resumed.

Neuropathic joint:

It is the result of complete denervation of thenjao that all reflexes are
eliminated and the joint is left unprotected amable to mechanical
damage. A neuropathic joint shows painless swelliegcessive

mobility and bony destruction. It is commonly cadis®y leprosy, tabes
dorsalis and syringomyelia.

Arthropathy:

A joint disorder is termed an arthropathy, and whiewolving
inflammation of one or more joints the disordercaled an arthritis.
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Most joint disorders involve arthritis, but jointachage by external
physical trauma is typically not termed arthritis.

Arthropathies are callegolyarticular when involving many joints and
monoarticular when involving only one single joint.

Arthritis is the leading cause of disability in pé® over the age of 55.
There are many different forms of arthritis, eatlwbich has a different
cause. The most common form of arthritis, osteodidh{also known as
degenerative joint disease) occurs following trautoa the joint,
following an infection of the joint or simply as m@sult of aging.
Furthermore, there is emerging evidence that abalbamatomy may
contribute to early development of osteoarthr@#her forms of arthritis
are rheumatoid arthritis and psoriatic arthritid)iel are autoimmune
diseases in which the body is attacking itself.t8egrthritis is caused
by joint infection. Gouty arthritis is caused bypdsition of uric acid
crystals in the joint that results in subsequenflammation.
Additionally, there is a less common form of gduattis caused by the
formation of rhomboidal shaped crystals of calcipynrophosphate. This
form of gout is known as pseudo-gout.

Diseases and disorders

Because many other body systems, including thewasmervous, and
integumentary systems, are interrelated, disorddrsone of these
systems may also affect the musculoskeletal systgincomplicate the
diagnosis of the disorder's origin. Diseases of theasculoskeletal
system mostly encompass functional disorders oramatiscrepancies;
the level of impairment depends specifically on freblem and its
severity. Articular (of or pertaining to the joiptdisorders are the most
common. However, also among the diagnoses are:apyimmuscular
diseases, neurologic (related to the medical sei¢hat deals with the
nervous system and disorders affecting it) defidiesxins, endocrine
abnormalities, metabolic disorders, infectious aéss, blood and
vascular disorders, and nutritional imbalances.ofdisrs of muscles
from another body system can bring about irregiidari such as:
impairment of ocular motion and control, respirgtoysfunction, and
bladder malfunction. Complete paralysis, paresis,ataxia may be
caused by primary muscular dysfunctions of infai@r toxic origin;
however, the primary disorder is usually relatedh® nervous system,
with the muscular system acting as the effectoamr@n organ capable
of responding to a stimulus, especially a nerveulsga One understated
disorder that begins during pregnancy is Pelvidlgipain, it is complex
and multi-factorial and likely to be also represehby a series of sub-
groups driven by pain varying from peripheral omtcal nervous
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system, altered laxity/stiffness of muscles, laxitg injury of
tendinous/ligamentous structures to ‘mal-adaptinady mechanics.

4.0 CONCLUSION

A joint is a place where two bones come togethdreyTare named

according to the bones or parts of bones invol\@drous joints are

those in which bones are connected by fibrous disSyndesmoses are
joints consisting of fibrous ligaments and Synoywahts are capable of
considerable movement.

50 SUMMARY
In this unit, we have learnt that:

I A joint, or articulation, is a place where tWwones come together.

. Joints are named according to the bones otspaf bones
involved

iii. Bones are classified according to functiontgpe of connective
tissue that binds them together and whether figidporesent
between the bones.

\Y2 Fibrous joints are those in which bones arenezted by fibrous
tissue with no joint cavity. They are capable ufie or no
movement. Sutures have interlocking finger-likegasses held
together by dense fibrous connective tissue. Tdoeyr between
most skull bones.

V. Syndesmoses are joints consisting of fibrogahents.
Vi. Synovial joints are capable of considerablevement.
vii. Bursae are extensions of synovial joints thabtect skin,

tendons, or bone from structures that could rwebresg them.
6.0 TUTOR MARKED ASSIGNMENTS

6.1 At the gross anatomy laboratory, identify the boaed joints of
the body and report your findings

6.2 Self-Assessment Questions

Given these types of joints:
gomphosis

suture

symphysis

synchondrosis
syndesmosis

akrwNEPE
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Which types are classified as fibrous joints?

a. 1,2,3
b. 1,2,5
(of 2,3,5
d. 3,45
e. 1,2,3,4,5

2. In which of these joints are periodontal ligatsdiound?

a. sutures

b. syndesmoses
C. symphyses

d. synovial

e. gomphoses

4. The intervertebral disks are an example of

a. sutures.

b. syndesmoses.
C. symphyses..
d. synovial joints.
e. gomphoses
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