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Anatomy and Physiology

Cells

The human body is made up of many different types of cells, which are organised in different
sorts of tissues. These tissues are arranged into organs, which make up the different

systems of the body. In this way the body is able to perform the different functions
necessary for life.

Essentially all animal cells consist of a plasma membrane which contains the cytoplasm,
cytosol (cell fluid) plus the organelles. Each of these specialised organelles performs a

specific function.
; fl\\_//

Nucleus

Smooth
Rough endoplasmic
endoplasmic reticulum
reticulum e

Not in most

plant cells Lysosome

Centriole

Peroxisome

apparatus
Microtubule

Cytoskeleton Intermediate
filament

Microfilament » " \Mitochondrion

Plasma membrane

Copyright @ 2003 Pearson Educaticn, Inc., publishing a2 Benjamin Cummings.

Figure 1 - Typical cell

The plasma membrane consists of phospholipids (or fats), cholesterol and also has proteins
embedded in it. The outer and inner surfaces of the membrane have different electrical
charges, which helps the passage of different chemicals in and out of the cell.

The outer surface is hydrophilic -it attracts water and the inner surface is hydrophobic -it
repels water. The proteins are necessary for the passage of some larger molecules in and
out of the cell and also contribute to the immune system.

The cell itself contains the cytosol, which contains various different salts in solution and
helps to maintain a suitable environment for different metabolic processes and the
cytoplasm, which consists of the nucleus and organelles. These are the structures within the
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cytoplasm that have function. There is also extra cellular fluid bathing the outside of the cell.
If the fluid composition within the cell changes outside of quite narrow parameters, the cell
will be unable to function and will therefore die. The human body is 90% water. When we
realise this we see how important it is to maintain sufficient levels of fluids and minerals in

the diet.

The following chart summarises the structures of the cell and their functions.

Part

Structure

Functions

Plasma Membrane

Composed of a lipid bilayer consisting of
phospholipids, cholesterol, and glycolipids with
various proteins inserted; surrounds cytoplasm.

Protects cellular contents; makes contact with other cells; contains
channels, transporters, receptors, enzymes, and cell-identity
markers; mediates the entry and exit of substances.

Cytoplasm Cellular contents between plasma membrane Site of all intracellular activities except those occurring in the
and nucleus, including cytosol and organelles. nucleus.
Cytosol Composed of water, solutes, suspended particles, Medium in which many of the cell’s chemical reactions occur.
lipid droplets, and glycogen granules.
Organelles Specialized cellular structures with characteristic Each organelle has one or more specific functions.
shapes and specific functions.
Cytoskeleton Network composed of three protein filaments: Maintains shape and general organization of cellular contents;
microfilaments, intermediate filaments, and responsible for cell movements.
microtubules.
Centrosome Paired centrioles plus pericentriolar material. Pericentriolar material is organizing center for microtubules and
mitotic spindle.
Cilia and flagella Motile cell surface projections with inner core of Cilia move fluids over a cell's surface; a flagellum moves an
microtubules. entire cell.
Ribosome Composed of two subunits containing ribosomal Protein synthesis.
RNA and proteins; may be free in cytosol or
attached to rough ER.
Endoplasmic Membranous network of folded membranes. Rough ER is site of synthesis of glycoproteins and phospholipids;
reticulum (ER) Rough ER is studded with ribosomes and is smooth ER is site of fatty acid and steroid synthesis. Smooth ER
attached to nuclear membrane; smooth ER also releases glucose into bloodstream, inactivates or detoxifies
lacks ribosomes. drugs and potentially harmful substances, and stores calcium ions
for muscle contraction.
Golgi complex A stack of 3-20 flattened membranous sacs Accepts proteins from rough ER; forms glycoproteins and
called cisterns. lipoproteins; stores, packages, and exports proteins.
Lysosome Vesicle formed from Golgi complex; contains Fuses with and digests contents of vesicles;
digestive enzymes. digests worn-out organelles (autophagy), entire cells
(autolysis), and extracellular materials.
Peroxisome Vesicle containing oxidative enzymes. Detoxifies harmful substances.
Proteasome Tiny structure that contains protease, enzymes that Degrades unneeded, damaged, or faulty proteins by cutting them
cut proteins. into small peptides.
Mitochondrion Consists of outer and inner membranes, cristae, Site of reactions that produce most of a cell's ATP.
and matrix.
Nucleus Consists of nuclear envelope with pores, nucleoli, Contains genes, which control cellular structure and direct most

and chromatin (or chromosomes).

cellular activities.

Flagellum

— Cilium

PLASMA MEMBRANE

filament
Centrosome CYTOPLASM
NUCLEUS
Lysosome Ribosome on rough ER
Smooth ER
Golgi complex
Peroxisome
Mitochondrion
Microtubule

Microfilament
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Cell membrane

The cell membrane consists of a bilayer of phospholipid molecules. These arrange
themselves such that the hydrophobic lipid tails point inwards and all the hydrophilic
phosphate groups point outwards towards the water-based environment on each side.

Fluid Mosaic Model

Transmerr!brane
Extracellular fluid protein Glycoprotein
Carbohydrate - Glycolipid .
W % : U N

- ”~ ' - f,

o Y v, 7 - v
Yot -.'c".‘c".
L

QLRI i OLAe

l‘ 1

r
LR
«

c I Filaments of
¥ESPEROIT] cytoskeleton

Figure 2 - Fluid mosaic model of cell membrane

A
Within this membrane are also | © |
transmembrane proteins, N\
glycoproteins, ion channels. The cell ‘ \
membrane is selectively permeable to
ions and organic molecules and
controls the movement of substances
in and out of cells.

Protein  Phosphate

auriquiIsyy

Phospholipid
molecule

Figure 3 - Phospholipid bilayer
Cytoskeleton

The cytoskeleton have the function to organize and maintain the cell's shape; anchors
organelles in place. It also helps during endocytosis (the uptake of external materials by a
cell) and cytokinesis (the separation of daughter cells after cell division) and moves parts
of the cell in processes of growth and mobility. The eukaryotic cytoskeleton is composed of
microfilaments, intermediate filaments and microtubules. There are a great number of
proteins associated with them, each controlling a cell's structure by directing, bundling, and
aligning filaments. The prokaryotic cytoskeleton is less well-studied but is involved in the
maintenance of cell shape, polarity and cytokinesis.
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Cell Nucleus

Nuclear The cell nucleus is the most

Envelope conspicuous organelle found in a

Anatomy cel. It houses the cells
N?:fctlgﬁs chromosomes, and is the place
where almost all DNA replication

and RNA synthesis

(transcription) occur. The nucleus

is spherical and separated from

the cytoplasm by a double

membrane called the nuclear

Endoplasmic _envelope. The nuclear envelope
Reticulum isolates and protects a cell's DNA

from various molecules that could

accidentally damage its structure

or interfere with its processing.

Ribosomes During processing, DNA is

Figure 4 - Cell nucleus transcribed, or copied into a

special RNA, called messenger

RNA (mRNA). This mRNA is then transported out of the nucleus, where it is translated into a

specific protein molecule. The nucleolus is a specialized region within the nucleus where

ribosome subunits are assembled. In prokaryotes, DNA processing takes place in the
cytoplasm.

The cell nucleus is the most conspicuous organelle found in a cell. It houses the cell's
chromosomes, and is the place where almost all DNA replication and RNA synthesis
(transcription) occur. The nucleus is spherical and separated from the cytoplasm by a double
membrane called the nuclear envelope. The nuclear envelope isolates and protects a cell's
DNA from various molecules that could accidentally damage its structure or interfere with its
processing. During processing, DNA is transcribed, or copied into a special RNA, called
messenger RNA (mRNA). This mRNA is then transported out of the nucleus, where it is
translated into a specific protein molecule. The nucleolus is a specialized region within the
nucleus where ribosome subunits are assembled. In prokaryotes, DNA processing takes
place in the cytoplasm.

The nucleus contains the chromatids which are two identical copies of DNA (one set from
the mother, one from the father) making up a duplicated chromosome, which are joined at
their centromeres, for the process of cell division (mitosis or meiosis). They are called
sister chromatids as long as they are joined by the centromeres. When they separate
(during anaphase of mitosis and anaphase 2 of meiosis), the strands are called daughter
chromosomes.

In other words, a chromatid is "one-half of a replicated chromosome". It should not be
confused with the ploidy of an organism, which is the number of homologous versions of
a chromosome. Centrosomes are paired structures on the nucleus. They involved in the
formation of the mitotic spindle in cell division.

Mitochondria -the power generators

Mitochondria are self-replicating organelles that occur in various humbers, shapes and sizes
in the cytoplasm of all a n i maellss They play the primary function of generating energy
through the process of oxidative phosphorylation, using oxygen to release energy stored in
the nutrients we eat and converting this into the energy currency of the celli ATP
(Adenosine Triphosphate) in a process called cellular respiration (see your videos supplied
on your disc). This fundamental to all active cellular processes.
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Endoplasmic reticulum
This occurs in two types; rough and smooth, each having its own functions.

Rough endoplasmic reticulum is so called because it |l ooks
microscope; the lumps consist of structures called ribosomes. The ribosome is a large
complex of RNA and protein molecules. They each consist of two subunits, and act as an
assembly line where RNA from the nucleus is used to synthesise protein from amino acids.
Ribosomes can be found either floating freely or bound to a membrane. Each cell makes
proteins unique to its own function (see your disc)

Smooth endoplasmic reticulum (SER) has functions in several metabolic processes,
including synthesis of lipids and steroids, metabolism of carbohydrates, regulation of calcium
concentration, drug detoxification, attachment of receptors on cell membrane proteins, and
steroid metabolism. It is connected to the nuclear envelope. It also releases glucose into the
bloodstream, in activates and detoxifies drugs and potentially harmful substances.

Golgi complex is a layered structure consisting of a stack of between 3 T 20 flattened
membranous sacs (called cisterns). It is here where the proteins are packagesupf or 0
and usage. It also forms glycoproteins and lipoproteins.

Lysosomes are structured and formed by the Golgi complex and contain digestive
enzymes. Their functions are to digest old and worn out organelles and entire cells.

Peroxisomes are vesicles containing oxidative enzymes and peroxides that are used for

detoxifying harmful substances.
'
7 DN POlumerase

Protein Synthesis is a process whereby
DNA encodes for the production of amino
acids and proteins.

Transcription occurs  before the
synthesis of a protein begins; the
corresponding RNA molecule is produced
by RNA transcription. One strand of the
DNA double helix is used as a template
by the RNA polymerase to synthesize a
messenger RNA(MRNA). This mRNA
migrates from the nucleus to the
cytoplasm. During this step, mMRNA goes
through different types of maturation
including one called splicing when the
non-coding sequences are eliminated.
The coding mRNA (messenger RNA)
sequence can be described as a set of
three nucleotides called a codon. Each
three nucleotide codon corresponds with
one amino acid in the sequence that will

ultimately make up the protein Figure 5 - Schematic of gene transcriptiorand
translation

mRNA l RMNA processing

Ribosome

Polypeptide HENBRN
Translation

Translation

The ribosome binds to the mRNA (transfer RNA) at the start codon (AUG) that is recognized
only by the initiator tRNA. The ribosome proceeds to the elongation phase of protein
synthesis. During this phase amino acids in the cytosol are recruited and joined to the chain
as each respective codon is read. The ribosome moves from codon to codon along the
MRNA. Amino acids are added one by one, translated into polypeptidic sequences dictated

0l umpy

export
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by DNA and represented by mRNA. At the end, a release factor binds to the stop codon,
terminating translation and releasing
the complete polypeptide from the
ribosome (see your disc)

Primary protein structure
is sequence of a chain of amine acids

Protein structure Aming Acids

The end result of this synthetic /\

process is the primary structure; a Pleated sheet Alpha helix

simple amino acid chain, but it is not -

yet a protein. To function as a protein, - o )
it has to take on a three dimensional - T

structure, such that it can fulfil its Y
function as a protein. It does this in a
number of ways:

Pleated sheet

Tertiary protein structure

occurs whan cariain attractons are present
betwsen alpha helices and plestad shaats.

Secondary structure
§  Uhelixi this is a coil-shaped
structure
1 b-pleated sheeti this is zig-
zag structure (held together by
hydrogen bonds).
Quaternary protein structure

ie & protein coneisting of mons than ong
amina acid chain

Tertiary structure

This forms when bonds form between

adjacent side-chains (by disulphide Figure 6 - Protein structure
bonds). This results in a three-
dimensional structure. Sometimes this is the end result.

Quaternary structure
This forms when other peptide units come together forming a more complex structure.
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Cell replication (Mitosis)

When a cell divides it goes through several cycles,
including duplication of all DNA material, division of
that nuclear material followed by cell division itself.

It takes place in four phases:

Prophase i this begins once all the nuclear material
has been replicated and chromatin has condensed.
The amount of nuclear material is now double. The
two round objects above the nucleus are the
centrosomes. They separate and microtubules
have invaded the nuclear space. These

microtubules can attach to kinetochores or they can
interact with opposing microtubules. The nuclear

membrane has degraded,

Metaphase-The chromosomes align themselves at
the metaphase plate; the equator of the mitotic

spindles

Anaphase-The kinetochore microtubules shorten.
The daughter chromatids separate and pull the
separate sets of chromatin material towards the
centrosomes

Telophase’ the two groups of chromatids have now
been completely separated. The decondensing
chromosomes are surrounded by newly formed
nuclear membranes.

Cytokinesis has already begun; the pinched area is
known as the cleavage furrow.

Meiosis

Interphase

The nucleolus and

the nuclear env
are distinct and

chromosomes are in the
form of threadiike

chromatin.

Prophase
The chromoso

appear condensed,
and the nuclear
envelane is not

¢ Metaphase
Thick, coiled

chromosomes, each
with two chromatids,
are lined up on the
metaphase plate.

Anaphase
The chromati

each chromosome
have separated and

ara wadins faurard

Telophase
The chromosom

elope
the

mes

ds of

es

are at the poles,
and are becoming
more diffuse. The
nuclear envelope
is reforming. The

cytoplasm may
dividing.

Cytokinesis
Division into
two daughter
cells is
completed.

be

Chromatir

Nuclesr
envelope

Figure 7 - Mitosis - Stages

This takes place only in testes and ovaries. It is a process when the number of
chromosomes is halved and packaged up into gametes: eggs and sperm. The normal
number of chromosomes is described as diploid; a double number (usually indicated as 2x).
At the end of meiosis this number will be halved; haploid (x). Thus when fertilisation takes
place, two haploid numbers comes together and form a diploid number (x + x = 2x). It is
also when there is a mixing up of nuclear material; of the genes, such that the children from

such gametes will like the parents but not be identical.

Meiosis occurs in two main phases: meiosis | and meiosis Il
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Meiosis I
Prophase |

DNA replication precedes the start of meiosis |. During prophase |, homologous
chromosomes pair and form synapses (joined together at the centromere), a step unique to
meiosis. The paired chromosomes are called bivalents, and the formation of chiasmata
caused by genetic recombination becomes apparent.

This is when there is a crossing over, a swapping, of

genetic material. Now the male and female genes are Interphase
mixed up, causing the offspring to possess qualities of

both parents.

Chromosomal condensation allows these to be viewed in

the microscope. Note that the bivalent has two
chromosomes and four chromatids, with one

. .. Prophase |
chromosome coming from each (original) parent. The gynapsie and

nuclear membrane disappears. crossing over
. occur.
One kinetochore forms per chromosome rather than one
per chromatid, and the chromosomes attached to spindle Totrad {oaired homwlogous
i i chromesomes with two
fibres begin to move. s '_H
Hetaphase |
Metaphase | Tetrads line up
i3

_ on the metaphase
Bivalents, each composed of two chromosomes (four plate.

chromatids) align at the metaphase plate. The orientation

is random, with either parental homologue on a side. This Sudaba1
means that there is a 50-50 chance for the daughter cells  Homologous
to get either the mother's or father's homologue for each  Pa'rs

separate.
chromosome.
Anaphase | Telophase | &
Chiasmata separate. Chromosomes, each with two ﬁ@i@
chromatids, move to separate poles. Each of the daughter gt 4

cells is now haploid (23 chromosomes), but each
chromosome has two chromatids. The cell still has to go

through a process to reduce this number by half. Cytokinesis | @ @

Telophase |

Nuclear envelopes may reform, or the cell may quickly P
start meiosis II. Figure9 - Stages of Meiosis
Meiosis Il is similar to mitosis. However, there is no Figure 8 - Meiosis

preliminary phase of duplication. The chromatids of

each chromosome are no longer identical because of recombination. Meiosis Il separates
the chromatids producing two daughter cells each with 23 chromosomes (haploid; x), and
each chromosome has only one chromatid.
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Summary comparing meiosis with mitosis:

Parent cell Site of
(before chromosome duplication) crossing over [ Meiosis L
Prophase Prophase I
/ f / Tetrad formed
Eﬁﬂ;ﬁzts%dme \ 3=._ Chromosome | __.— Chromosome by synapsis of
duplication duplication homologous
(two sister .- chromosomes
chromatids) l 2n=4
//«g
—% Chromosomes Tetrads
Metaphase % ,,/ align at the align at the Metaphase I
\ metaphase plate metaphase plate
) W Wd
Anaphase : : Anaphase I
Sister chromatids
Teiophase separate during Homologous ielephaseN
anaphase chromosomes
separate .
(anaphase I); HaP'O'l’d
sister chroma- =
% @ tids remain -
S | | together
ac/ =)/
S No further
2n 2n chromosomal B | Meiosis Il
Daughter cells duplication;
of mitosis s'hSte' ld = ™ ™
chromatids / o /
separate n i = Seesn
(anaphase II)  Daughter cells of meiosis II

Copyright © 2009 Pearson Education, Inc.

Figure 10 - Stages of Meiosis overview

Tissue Types

There are four basic tissue types:

91 Epithelial - covering and ling membranes; type according to function; glands of both
exocrine and endocrine type

1 Connective - Numerous varieties; includes bones, cartilage, ligaments, tendons,
blood (all fluids?) areolar and adipose types

1 Muscular - three types: skeletal, visceral and cardiac; can be striated and unstriated,;
concerned with movement and posture as well as movement of substances in hollow
tubes, e.g. blood, gut bladder; it is largely cellular with very little intercellular
substance; has powers of conduction of impulses and contractibility

1 Nervous - has ability to conduct impulses and to secrete neurotransmitters

Epithelial tissue

Epithelial tissue is largely cellular tissue with very little intercellular substance. Epithelia are
divided into the major divisions of covering and lining membranes, which can have the ability
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to absorb, and the various glands which have the ability to secrete. They are also named
according to the cell shape they have in their side view.

Epithelial tissues has three possible functions, sometimes only one and occasionally all
three. The functions are:

1. Protection

2. Secretion

3. Absorption

Types of epithelium:

Simple epitheliumi this is one layer of cells on a basement membrane. The basement
membrane is non-living intercellular substance which allows materials to pass in and out of
the cells.

Sublingual Gland H&E 5 9
Simple squamous epithelium (squamous = scale-like) 20 i
s T\J
Side view Cell membrane
. nuclcus
N"”"“* hﬂmplasm / | oo
© T epithelium \‘
Basement membrane »
-

venule,

”J\U’

- J
In reality the cytoplasm is so thin a scale drawing should ;‘%x ﬂhrocyla -
look like this : o - i
Squamous showing

some keratnisation

nucleus

.

cytoplasm and
basement membrane

Figure 11 - Simple squamous epithelium fromabove and the side

Simple squamous Basement
* membrane

This type is very delicate and so wonét take mu
where secretion and absorption are needed e.g. the alveoli in the lungs need to be thin to
allow the free exchange of gases.

Cuboidal

Where more protection is required, the cells can be Cuboidal; hence simple cuboidal
epithelium is found where some protection is needed but also where secretion and
absorption occurs, e.g. tubules of the kidney.

Simple cuboidal epithelium

Occurs where more protection is required
Side view Nucleus ition

Cedll membrane

Basement / Cement plug

membrane

. Figure 12 - Cuboidal epithelium i & %2
Surface view ag( ,G - \_&
efeel® S
—{olo > 2

.5E'— _..-"..-' .- -“

10
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Simple Columnar epithelium is found where protection is required plus the ability to
secrete and absorb e.g. the lining of the stomach and intestines
S I 4 1/

L,

Simple columnar epithelium

This occurs where more protection is required plus the ability to secrete and absorb |/ # 7 157 ’
e.g. cells lining the stomach and intestines ‘ /’ Ao f LA I&
Wiz
r 7
L2 )
" e
Side view Tall cells for protection i‘,”‘ ;3 ”"w = "A_

7 A o ¢ 4
> . ctive fissue LR
! \‘* 4c(?a"m"; o S
e v -

Cell membrane "Q’f ‘.v' o \‘
e i %ﬁﬁ"",.& A\

The surface view of this would the same as cuboidal epithelium

Nucleus

sii pl:e._cblllliﬁi'ar 1
. Rlﬂlej’l'll@

b slll)!)fder-‘.‘t ,l"
ﬂ" i a;lnl&:‘h); “‘,“

Figure 13 - Columnar Epithelium

Stratified epithelium occurs when protection is its main oeophagusvee K
function. Here there are several layers of cells (stratum . ———— . A
=layer) = é— e
Diagram of development of stratified epitheium = v 5?"?:-; S ﬁ" z ~ : :
Surface cells next to lumen, o P ".,‘- A ./ LI
" . o nucleus gone, cells dead and can straifed squgmous ;,.“ [y ——
: i be rubbed off o O M3 WA ol
: 5 g © B8 e oL
i Several layers of daughter 7 ¥ G e
Cells move up as e GIEn cells R et SR S e S ;
g i 2 : DA e g
bassal layer produce ; % - First layer of daugther cells W ST A ’;,f»-a‘;;
more cells nagaoooano, Basal or germinative layer 52 ,:"::é? 7]
S et gives rise to all other layers - & -‘%g","'eb/’{f
\!f”..: '-"':f." "\ I P
Basement membrane is part of the intercelluar substance of P ’f“,’a‘:ﬂ b?sﬂ_cel!"a;er'-. ji,’ },‘ Z
an epithelium of any kind in the vascular system. S ’:" T e

Figure 14 - Stratified Epithelium

As can be seen in the diagram above, the basal layer produces the succeeding layers. It
may be non-keratinised, as in the oesophagus (seen here on the left). If the surface layers
become keratinized as they do in the skin, then the epithelium is tough and semi-waterproof.
In the skin the surface layer of cells is constantly being rubbed of and a great part of
household dust consists of skin particles. Keratin is a tough protein laid down in the surface
layers of some stratified epithelia. However, an example of non-keratinized stratified
squamous epithelium is the lining of the inside of the cheek of the mouth and the lining of the
oesophagus. Stratified Cuboidal and columnar occur less frequently and are found in larger
ducts in glands e.g. salivary, pancreas and mammary glands.

Transitional epithelium appears to be several layers thick in an unstretched organ, like the

all living cells

cell when
stretched

UNSTRETCHED

basement membrane

11
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empty bladder; but as it fills the walls stretch and can move sideways, giving the appearance
of fewer layers

Pseudostratified epithelium is not truly stratified. Only one layer
of cells sits on the basement membrane, but some do not reach

the top surface.
SIDE VIEW

cell reaching surface
‘ /\ b E‘ cell not reaching
rud _ surface

basement membrane

two rows
of nuclei

Epithelia are sometimes ciliated, where ciliary action wafts something along a tube e.g.
particles trapped in mucous are wafted up by ciliary action up the trachea; or an oocyt
wafted by ciliated columnar epithelium ,
along a fallopian tube.

Epithelia c abesod ¢} |
Thi s i s not ciliatel
have the power of movement; here they | |
have the function of increasing the
surface area for absorption e.g. the

an Basal Granule

Cell Membrane

Goblet Cell

. : - . Nucleus
columnar epithelium of the small intestine
for absorption of foodstuffs; proximal
convoluted tubule of the kidney for Basement Membrane

reabsorption of glucose, water and other
substances.

Endothelium

All blood and lymph vessels are
lined on their inner surfaces with
simple squamous epithelium, here known as endothelium. Here, though, there is no
absorption through the walls except in the capillaries. The larger blood vessels have blood
vessels in their walls (in the tunica adventitia) to supply oxygen and nutrients to the vessel
walls themselves. They are called the vasa vasorum. The endothelium of the blood vessels
needs to very smooth to prevent blood sticking to it and clotting; this could be fatal e.g.
coronary blood vessels, cerebral blood vessels.

Ciliated Epithelium

Figure 17 - Ciliated epithelium

G I an d S Tlf?ulir ucretiry l}nfiurj S N:“E" socTeioLy structure
Some epithelial cells have
more specialised function e

than just lining surfaces -this

Simple
duct structure

the secretion of substances

> P
H
x

| (a) Simple tubular
Example:

‘ J a /
(d) Simpie branched alveolar
Example: sebaceous

‘ 4 A
7 /

(b) Simple branched
tubular

(c) Simple alveolar
Example: No important
le in humans

formed in the cell cytoplasm. | &5
Broadly speaking exocrine
Endocrine gland
Blood capillaries 9
Hormone in
bloodstream Compound
duct structure
(duct
branches)

Endocrine cells

Figure 18- Endocrine and exocrine glanvds

= Surface epithelium

glands (o¥) glands

(gasn;:) glands

(e) Compound tubular
Example: duodenal glands of
small intestine

({f) Compound alveolar
Example: mammary glands

| (g) Compound tubuloalveolar
Example: salivary glands

= Duct .: Secretory epithelium
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glands retain their ducts, whereas endocrine glands secrete directly from the cells into the
blood.

Connective Tissue

Connective tissue differs markedly from the other three basic tissue types because of the
wide variety of cell types and intercellular substances found within it. You will not need to
know this in great detail, but understand that it gives support, connects, separates and
creates Opackingd and storage.

Basically, connective tissue is the type of tissue that binds, unites and connects parts of the
body:
9 Binds together structures which need to be held together to ensure the integrity of an
organ
9 Supports structures within the body and provides rigidity where needed e.g. skeleton
9 Protects organs with coverings, sheaths and capsules e.g. brain, joints
9 Subdivides organs or regions of the body by sheets, partitions or membranes of
varying strength and thickness
9 Unites dissimilar tissues e.g. muscle and bone, which could not otherwise join and
whose action might cause them to part
1 Provides packing material in spaces between and around structures in the body

Types of connective tissue:

amorphous intercellular substance
allows compression, stretching and
diffusion of materials

Loose areolar tissue

Figure 19- Loose Connective
Tissue

elastic fibres (intercellular
substance)

macrophage containing

phagocytosed particle -~

just one of many cell
types found here

dense bundles of collagen
fibres (intercellular
substance) containing
compressed cells

fibroblast which can secrete
all non-living components of
areolar tissue

Dense fibrous Densely arranged fibrous tissue, e.g. tendon, ligament
connective tissue Cross section and side view of a piece of tendon

Precisely arrnged bundles
of collagen fibres
Figure 20- Dense fibrous connective 2
tissue &
—A fibroblast from which
cell forms collagen fibres

Tendons attach muscles to bones. It is tough, avascular (hence takes a long time to repair)
and virtually inelastic so the work done by muscles would not be wasted.

Ligaments are very similar in structure but pass from bone to bone across joints and help
stabilise them.

13
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Adipose tissue

'V /
k‘ / adlpose cells

Adipose tissue is very cellular, the cells of which are ‘-i /

used to store fats. It gets a good blood supply. In { \

the diagram above each individual cell would be };“
4

filled with fat.

28 / nuclei Bt N >”'
™ e / B
) t lr /j/“ 7/ IV/T&)<\ 5
i A, =" thoplasmicvmembrane \
Cartilage i > -,
There are three different types of cartilage: Figure 21 - Adipose tissue

1. Hyalinei because the intercellular
substance looks smooth and glass like
2. Elastic T because there are elastic fibres present in the intercellular substance as well

as cartilage
3. Fibro-cartilagei because the intercellular substance contains much collagen. This
often occurs in tendons6 attachments to bon

collagen fibres.
Hyaline Cartilage

This occurs widely as a precursor of bones in limbs, spine and ribs. It also forms the articular
cartilage in synovial joints.

I.OCATIONS. Between
tips of ribs and bones of
sternum; covering bone
surfaces at synovial
joints; supporting larynx
(voice box), trachea, and

bronchi; forming part of Chondrocytes

nasal septum in lacunae
FUNCTIONS: Provides
stiff but somewhat Matrix

flexible support; reduces
friction between bony ! d
surfaces {a) Hvaline cartilage

LM x 500
Figure 22 - Hyaline cartilage

In the diagram it shows chondroblasts, these are cells capable of producing chondrocytes

(cartilage cells) and intercellular substance. When they become active they surround
themselves with intercellular substance and bec
tissue fluid, through which substance have to pass to reach the cells. The intercellular

substance is non-living and in hyaline cartilage is amorphous.

Elastic cartilage

Examples of where [ELASTICICARTILAGE

e i . LOCATIONS: Auricle of
thIS IS found are: external ear; eplgll;:ttls;

auditory tube; cuneiform
ﬂ End of the cartilages of I'arynx
Chondrocyte

nose FUNCTIONS: Provides 7 AANSEinlacuna
support, but tolerates P 4
1 Lobes of the distortion without
damage and returns : b ;
ear to original shape I ’.:; @ ‘ LS :, Elastic fibers

n matrix

s g N 2 Y a4
Figure 23- Elastic Cartilage (b} Elastic cartilage LM x 358
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In addition to the collagen fibres there are elastin fibres (creating elasticity in the tissue) in
the intercellular substance (holding it all together).
Fibro cartilage

This is found in intervertebral discs and the attachments of muscles to tendons, or tendons
to the periosteum of bones

IBROUS CARTILAGE
LOCATIONS: Pads . - :
within knee joint;
between pubic
bones of pelvis;

intervertebral discs ﬁ%g‘r’sg‘i’:
FUNCTIONS: Resists matrix
compression;

prevents bone-to-bone Chondrocyte

contact; limits relative in lacuna

movement

lage
Figure 24 - Fibrocartilage

LM x 1000

The importance of the amorphous intercellular substance

Catrtilage cells are not in close proximity to blood vessels and it therefore called avascular.
It can be seen, therefore that substances like oxygen, carbon dioxide and nutrition and
waste products have to diffuse through the water of the amorphous intercellular substance in
the lacunae. Remember that the intercellular substance is non-living; therefore the survival
of the cartilage cells depends upon the water in the amorphous intercellular substance. If it is
reduced or calcification occurs (as in bone formation) then the cartilage dies. This is why
calcified cartilage cannot be a permanent tissue. Bone, on the other hand, has a highly
organised blood supply.

Muscle Tissue

Muscle is also one of the four basic body tissues. Muscle cells have the ability to conduct
impulses (though slower than nerves) and to contract, hence produce movement. Muscle
tissue is highly cellular with very little intercellular substance; there is, however, connective
tissue which has the function of protection and of holding the muscle fibres together.

Muscle tissue can be classified in various ways 1 usually by appearance: striated or non-
striated, or whether or not it is under conscious, voluntary control.
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The structure and function of the three types of muscle tissue

Striations
i
Skeletal muscles move or stabilize the position of the skeleton;
guard entrances and exits to the digestive, respiratory, and
urinary tracts; generate heat; and protect internal organs.

f I i
4 { oJ]

Il

.u,mwmmommw

Cardiac muscle moves blood and maintains blood
pressure.

Smooth
muscle cell

blood vessels.
Figure 25 - Types of muscle tissue

Smooth muscle moves food, urine, and reproductive tract secretions;
controls diameter of respiratory passageways and regulates diameter of

LM x 180

LM x 450

LM x 235

Type of | Morphology | Under  conscious | Organs usually | Type of action
muscle control of will or | controlled
not
Skeletal Striated Voluntary Skeletal Tonic e.g. posture
maintenance
Cardiac Striated Involuntary Heart Rhythmic; myogenic
Smooth Unstriated Involuntary Gut Rhythmic; myogenic
and neurogenic
Blood vessels Not rhythmic
Uterus Rhythmic and
myogenic
Figure 26 - Types of muscle tissue and actions
Myogenic 1 activity arises from within the muscle tissue itself
Neurogenici activity arises from nervous stimulation, i.e. not from within the muscle

itself

Tonici holds a degree of contraction for long periods of time e.g. holding head on shoulders

all day.
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Phasic T contraction and relaxation occurring quickly after one another e.g. picking up a
pencil -phasic movements of fingers and wrists and some in arm. Some muscles are
capable of both

Skeletal muscle

Skeletal muscle is under voluntary control and must have a nerve supply to work; without

adequate nerve stimulation, the muscles do not work e.g. polio and other forms or paralysis.

A skeletal muscle contains hundreds of muscle fibres and each muscle fibre has its own

nerve supply. The point of contact between the nerve and the muscle is usually a motor end-

plate.

Each muscle fibre obeys an 06 a&lflbre will resppochaand | a w;
contract to a nerve stimulus, and not just any small part of it.

Normal biceps
brachi muscle

Decrease in
biceps due to
muscle atrophy 3

Figure 27 - A muscle fibre with the end plate
of the motor nerve

@ ADAM, Inc.

Sonal cora Axpnal termonals
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SKELETAL MUSCLE = MUSCLE FIBER
. N " = Sunmounded by:
- Surrounded by: Endomysium
Epimysium Contains:
Contains: Myofibrils
Muscle fascicles
T ===y
@) (c)
MYOFIBRIL
MUSCLE FASCICLE
= — Surrounded by:
““SSSeaw Surrounded by: =4 Sarcoplasmicy
Perimysium ‘ - reticulum
Contains: ’ Consists of:
Muscle fibers t Sarcomeres
: (Z line to Z line)
e T ﬁ (d)
(b)
| band A
/ Jreck . SARCOMERE
SR e »..'~_w Contains:

Thick filaments

\ : _4? Thin filaments
Z line Mline Titin  Zline
Nt
H zone (e)

Figure 2871 Closeup Showing the Sarcomere with the Overlap of Protein Fibres

This diagram shows why skeletal muscle is termed striated i because it looks like it. You will

see later that the striations create great organisation within the muscle and hence creates

great power when it contracts.

The muscle fibres are complex, el ongated and multinucleate (unl
have one nucleus each (mononucleate). They also have a large number of mitochondria (for

energy production). Because of this a long muscle fibre acts (and contracts) as a single unit,

known as a syncitium. The appearance of the striations is formed by the overlap of
microscopic filaments:

This diagram shows the functional unit of a muscle myofibril, (a length of sarcomeres). It is
formed by overlapping protein (Actin and Myosin) filaments. When a nerve impulse reaches
the muscles it causes a cascade effect resulting in these protein filaments sliding over each,
hence the muscle contracts and shortens in length.

You can see here that all the protein filaments stay the same length, but with the increase of

overlap, the length shortens. This process needs energy, provided by ATP (adenosine
triphosphate), which is formed in the mitochondria from glucose breakdown.
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1 10 100 1000 10000

100 \ /_—- 150%
90 S~ : 140%

\ \ Aerobic /

80 \ \ / 130%

70 120%
50 Anaerobic\ L10%
(]
(phosphagen)\ o VO Max u
50 \ / meic race) 100%
40 ‘\ / \ 90%
30 \/ - 80%
20 70%
10 _/ 60%
50%

1 10 | ‘ 100‘ ‘ 1000 ‘ 10000

22ed Xe|A ZOA %

% of Total Energy Required

30sec 1 min 2 min 10 min 30 min 2 hr
Time (sec)
& N N b b & D
A L | L | Y Y vy ¥ v
Sprint Workouts Anaerobic Aerobic Anaerobic Aerobic
Capacity Capacity  Conditioning  Conditioning

Figure 29 - Diagram showingaerobic andanaerobicrespiration in Muscle

This is complicated, but basically the cell uses energy sources as per those available, and

per the circumstances. The immediate energy source is anaerobic, it being able to proceed

as aerobic systems 'kick in'. As O, demand increases, aerobic respiration takes over. The
main source of energy for aerobic respiration is glucose, here stored in long chains in the
form of glycogen in the liver and muscle. Aerobic respiration, as the name suggests,
requires O, and we begins to breathe faster and deeper to take in the oxygen and get rid of

the CO,. Both aerobic and anaerobic will convert any stored energy into the cell's own
energy currency, ATP. This same process applies to all of us, fit and unfit. The difference is
the o6l earnedd capability of o6f i ty6thamunft (séeghet o
video on your disc)

Like all machines, we are not 100% efficient. Muscles are about 40% efficient and the
excess energy is lost as heat in this process; hence we get hot with physical work. The heat
that is produced is not always wasted; it is used to maintain body temperature i like on a
cold day when we need warmé (Inui van use aboutiGdaDd calones @ g e t
day just for heat production).

A motor unit is defined as a motor nerve and all the nerve fibres it supplies. Different
muscles have a different number of muscle fibres per nerve. For example the quadriceps
would have a ratio of one nerve fibre to 200 muscle fibres, whereas a muscle of facial
expression would have a ratio of one nerve fibre to 4 muscle fibres, giving an example of the
need for greater control of individual muscles within the face.

Types of muscle contraction:

Isotonic i iso=equal, tonus=thing stretched (tension). This is where in the contraction of the
muscle, the length changes, but the tone stays the same. Here the muscle shortens when
it does work, usually in movement. It is used to build bulk in muscles

Isometrici metric=length, so here the length stays the same, but the tone changes. It
occurs more in the work done in postural muscles. It is used to build tone in muscles.
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Another form of striated muscle is cardiac muscle.

Nucleus

Cardiac
muscle cells

LM x 450

Card|ac muscle moves blood and maintains blood
pressure.

Figure 30- A Few Teased Cardiac Muscle Fibres

Note here that the muscles are striated, like skeletal muscle, but unlike skeletal muscle here
in cardiac muscle there are individual muscle cells which are branched. The individual
muscle cells are connected at their ends by an intercalated disc. However, when a stimulus
spreads throughout the muscle, all the muscle cells will respond, hence it is called a
functional syncitium. However, unlike skeletal muscle where a muscle fibre will react as a
single unit, in cardiac muscle the contraction spreads through i t i ke a
contributes to the functioning of the (heart) organ as a unit. You see this later in the
cardiovascular system.

Cardiac muscle is myogenic i.e. it will contract without an external nerve stimulation. It is
also rhythmic in that it will contract rhythmically. Hence the inherent rhythm of the heart is
myogenic in nature, but is affected by an external (nerve and hormonal) stimulus.

Unstriated (smooth) muscle

Smooth (unstriated) muscle consists of spindle-shaped cells, each with only one nucleus.
They still have actin and myosin protein filaments, but they do not have the organization of
skeletal and cardiac muscle, hence do not have a striated appearance. The nature of their
contraction tends to be as a wave through the muscle sheet. Consequently, their power of
contraction is also less.

Generally speaking, the kind of activity performed by this kind of muscle is much slower and
more tonic than the striated types. It is found in the gut, bladder and blood vessels. The
nerve supply to smooth muscle is less precise than skeletal muscle. As it is found in sheets
around hollow organs the spread of the excitation wave is slow, creating a wave of
contraction.

Varicosity

Vesicles with

neurotransmitters .
Autonomic neuron

O\
I
!

—— Smooth muscle cells

Figure 31- Smooth muscle, also with neuros and neuroeffector nerve junctions
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This type of muscle can need a nerve supply (neurogenic), as with blood vessels, or have a
myogenic rhythm, as with the gut and uterus. It will also respond to stretch as a stimulus,
causing it to contract as in the gut or, to a lesser extent, blood vessels; whereas striated
muscle will not.

Smooth muscle is involuntary, as it is not under conscious control; however, this point has
been challenged as special training (e.g. yogis) can bring blood pressure and heart rate
under conscious control.

Disorders and diseases of muscles
1 Fibrositis (lumbago -lower back, torticollis -neck) inflammation of the muscle,
normally as a result of spasm.
Cramp -a sudden contraction or spasm in the muscle.
Atony - loss of muscle tone
Atrophy -wastage of muscle due to disease or disuse.
Ganglion - a cyst on the tendon sheath or joint capsule.
Rupture -a tear in the muscle or the fascia.
Spasm, Sprain, Strain
Myasthenia gravis -an auto immune disease which causes defective muscle
stimulation, leading to progressive muscular weakness.
1 Dystrophy

=4 =4 -8 -8 -8 -9 -9

Nervous tissue

Nervous tissue is one of the four basic body tissues. It is largely cellular with very little
intercellular substance.

Nerve cells have developed:
1. The ability to respond to stimuli e.g. irritability
2. To conduct impulses over great distances, usually very rapidly
3. To produce secretions (like a gland), called a neurotransmitter, across a synapse or
to a target structure, or even released into the blood as a hormone.

The nervous system as we know it is one of the main coordinating systems of the body. The
basic units of the nervous system are the neuron, which is a nerve cell and its processes
(all its receiving and transmitting extensions), which can be very numerous, and neuroglia
(glia 7 glue). Remember this, as you will need to know the difference between a neuron,
nerve fibre and a nerve.

Individual neurons need to communicate with each other and with their target structure e.g.
a muscle or a gland. Usually they have numerous connections, sometimes thousands as in
the case of the brain.
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Classification of nervous tissue

Organization of the nervous system. Subdivisions of the PNS are the somatic nervous system
(SNS), the autonomic nervous system (ANS), and the enteric nervous system (ENS).

The SNS is under voluntary control; the ANS and ENS are involuntary.

Sensory receptors and L— Smooth muscle,

ENS |[neurons in Gl tractand [T glands, and endocrine
enteric plexuses | j I cells of Gl tract
Sensory part of PNS Motor part of PNS Effectors

Figure 32 - Classification of nervous system

There are a number of ways the nervous system is classified:
1. Somatic and autonomici somatic supplies the muscles of the body; autonomic
supplies the viscera e.g. heart, gut etc.
2. Sensoryandmotorisensory is to do with o6feel 6; motorl
3. Central and peripheral - central is everything inside the brain and spinal cord;
peripheral is everything outside the brain and spinal cord

Major structures of the nervous system.

The central nervous system (CNS) includes the brain and spinal cord. The peripheral nervous sy (PNS) includes all
nervous tissue outside the CNS.

Figure 33- Major structures of the nervous system

The neuron

The neuron is the basic unit of the nervous system. The definition of a neuron is a nerve cell
and its processes. There are different types of neurons throughout the nervous system, but
they all share the same basic structure.
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The neuron consists of a nerve cell body and its processes (all its cellular extensions):
1 Anerve cell body

Dendrite Axon

terminal
button
h__ Soma (cell body)

Q Nucleus

Myelin sheath
Figure 34 - A typical neuron

1 Dendrons and dendrites -the receiving processes. They take impulses towards the
cell body (sensory)
I The axon-the transmitting process. It takes impulse away from the cell body
(motor)
Hence:
1 A nerve fibre is any one of those processes (towards or away)
1 A nerve is seen anatomically as a single unit but consists of hundreds of nerve
fibres, both sensory and motor (some myelinated, some not i see later)
Also:
1 A ganglion (pleural - ganglia) is a collection of nerve cell bodies outside the brain
and spinal cord

1 A nucleus (pleural - nuclei) is a collection of nerve cell bodies inside the brain and
spinal cord

Types of neurons Basic Neuron Types

These diagrams are somewhat simple
and schematic, but they demonstrate
the overview of different types of
neurons. They are not all just like the
typical nerve shown above. It
demonstrates the cell body with all its
organelles, and its processes.

¥

Figure 35 - Different types of neurons

Bipolar Unipolar Multipolar Pyrimidal
(Interneuron) (Sensory Neuron) (Motoneuron) Cell
To see how neurons etc. function, see ©2001 HowStuffWorks

the The Nervous System section
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Nerve impulses

Al | neur ons Oabecausedteyx can beadirhukated and are able to propagate
electrical impulses from one point to another along the nerve fibre. There are two types of
6potential & within nervous tissue:

1 The resting potentiali this is when the nerve is at rest. As was said earlier, the cell
and processes have to constantly work to maintain an electrical imbalance across its
membrane. In myelinated nerves this is about -70mv, cardiac muscle is about -45mv
and some small non-myelinated nerves itis  -30mv. At resting potential it is ready
is transmit an impulse, which is:

1 The action potential-The duration of the action potential itself is only 1-2
milliseconds. This can arbitrarily be seen as an electrical impulse along the nerve
fibre, but is actually caused by a flow of sodium and potassium ions, each flowing
down their di ffusion gradient s across
electrical charge with them.

Sodium and potassium ions

1. Sodium is the primary extracellular cation.

2. Sodium is primary extracellular cation because it is actively pumped out; hence there
is more outside than inside. The sodium pumped is held out against its concentration
gradient (using work and energy) by the sodium/potassium ATPase pump. (The fact
that sodium is the main ion in the fluids outside the cells of the body is the same
throughout the body and is the reason our blood tastes salty)

3. Potassium is the primary intracellular cation. It is the same pump that pumps sodium
out that pumps potassium in. With this pump, for every 3 sodium ions pumped out, 2
potassium ions are pumped in. The end result of this is there is an 'electrical
difference' (of about -70mV) between the inside and outside of the cell (hence the
nerve, even at rest, is constantly at work). It has to work to maintain an electrical
charge difference across its membrane, creating a polarity.

Extracellular

) | | ! ! {
N
»
Fp,
Wy, ADP 4P, *
ADP ¥ .
Intracellular . 4. Extracellular 5. Binding of 6. Dephos-
1.Protein in 2.ATP 3.Phosphorylation potassium potassium phorylation of
membrane phosphorylates causes binds to causes protein triggers
binds protein with conformational exposed dephos- change back to
intracellular bound sodium. changein sites. phorylation of original
sodium. protein, allowing protein. conformation,
sodium to potassium moves
leave. into cell, and

the cycle repeats.

Figure 36 - Sodium potassium ATPase pump

From the diagram you can see that the distribution of ions inside and outside the cell
membrane is not the same; this difference being created and maintained by the Na/K
ATPase pump.

1  When the nerve fibre is stimulated there is a change in the polarity of parts of the
membrane. The membrane needs a minimum level of stimulation (liminal) for an
action potential to be propagated, but when it is reached it precipitates a wave of

electrical excitation along t he . électhcallg .

sensitive) sodium channels to open and sodium ions flow into the cell, taking an
electrical current with them. During this brief phase of excitation, the polarity is
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neutralised (depolarisation). If it this stayed like this, equilibrium would establish
itself with equal concentrations of sodium inside and outside the cell.

REPOLARIZATION

— = — _J | —
RESTING POTENTIAL DEPOLARIZATION

Foll owing

of hyperpolarisation

this, 6voltage
the fibre, taking their electrical charge with them
For the brief period that the action potential is there, the inside of the fibre changes
from negative to positive but the sodium pump kicks in again and pumps the sodium

back out and the potassium back in. just after the area of depolarisation is a region
0 n o r vastablishedd &nd mans at i on

(just before

PR Y o

Figure 37 - Action potential and the changes in sodiuapotassium concentration

gatedd potasofi um

responsive to an ordinary stimulation. So where the action potential is and the area of
recovery, including the period of hyperpolarisation, the nerve is unresponsive to
stimuli and is therefore known as the refractory period. It follows that the number of
impulses along the nerve fibre is limited e.g. if the refractory period was 2msec then
the cell cannot fire at more than 1000/2 = 500 impulses per second.

Acti?? potential

+30

o
1

Membrane
potential (mV)

|
~
(@)
i

sodium channels ope!

- e e e e e e e -

efractory peroid

1 2

Resting

potential
3 4 5 6
time (ms)

Figure 38- Graph showing the change in polarity with an action potential

In myelinated fibres, the same principle applies except that the ionic exchange only
occurs at the sites of the nodes of Ranvier.
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9 After the action potential has passed, the sodium/potassium ATPase pump kicks in
and pumps the sodium and potassium ions back to re-establish the resting potential.
1 By this process the action potential (impulse) flows along the nerve fibre.

The flow of the action potential along the nerve fibre, once started, cannot be stopped (bar
injury) and its speed is dependent upon certain factors:
1 The diameter of the nerve fibre T the bigger the diameter, the faster it flows.

1 Whether or not the fibre is myelinated; if they are myelinated, the speed of the
impulse is faster
i The temperaturei the colder itis, the slower the impulses

Myelination

Myelination (in the nervous system) is formed by specialised cells, Schwann cells, wrapping
around the nerve fibres during the embryological development of the nervous system.

<¢— neurolemmocyte
Myelinated

Figure 39 - Diagrams showing Myelination of Nerve Fibres

You will recall that the membrane of a cell consists of lipid (fat) and Schwann cells have
even higher lipid content than normal; so many layers of cell membrane will create
6 i n s ublalang that segment of the nerve fibre. The end result of this is called
This wrapping, and layers of fat, give the nerve fibre a white appearance, but on closer
inspection there are s paces between the Schwann cells, known as Nodes of
Ranvier. The end result of this is that only small, regular, exposed regions of the nerve fibre
are exposed. Her e, t he i mend fibres, bdtgumpsfraintnodé fol o wd a l
node; this being known as saltatory (leaping) conduction. This greatly affects the speed of
the action potential along the nerve fibre:

1 About 0.5 metres per second for non-myelinated fibres

1 About 200 metres per second for myelinated.
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Non-myelinated nerve fibres

Even though non-my el i nated nerve fibres donot have

them, as with myelinated fibres, Schwann cells are still involved as a support system; here
several nerve fibres would share one Schwann cell.

Not only do Schwann cells assist in speeding up action potentials, but also are thought to be
important in recovery after injury (only in the peripheral nervous system) and to aid the
passage of nutrients and ions to and from the enclosed neurons in their normal functioning.

action

axon
node of \ ty
Ranvier -
\ -— -+ —
|
myelin spread of +
sheath depolarization
cell body == e
(soma) TR +__ S S 2 ¥
— = A R I v = T
A R e R =
+ A (3
action
potential

unmyelinated
axon
Figure 40 - Diagram showing an action potential in myelinated and nommyelinated nerves

Synapses

When a nerve reaches its target tissue (plte

comes into very close apposition with the target tissue, with a narrow gap between the two.
This gap, with the adjacent nerve and target tissue, is called a synapse. It consists of:

1
1
1

The end of the nerve fibre,
The target tissue and
The gap i the synaptic cleft.

A sequence of events occurs here:

1.

2.

3.

4.
5.

When the action potential reaches the end of the axon, the pre-synaptic bouton, it
affects the permeability of the membrane.

It then also stimulates the release of a chemical, a neurotransmitter substance from
vesicles within the synaptic end bulb

This chemical diffuse across the synaptic cleft( the distance here is measured in
thousandths of a millimetre)

The neurotransmitter then combines with receptor sites on the post-synaptic
membrane ( they occur all over the post-synaptic cell, but are concentrated at the
synaptic sites)

The effects of neurotransmitter release:

1

An excitatory neurotransmitter would cause stimulation of the post-synaptic
membrane and contribute to precipitating an action potential there. Stimulation is
dependent upon the temporal (frequency of impulses) and spatial (concentration of
synapses) arrangement.
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1 An inhibitory neurotransmitter has the effect of hyperpolarizing the postsynaptic
membrane and blocking excitation. Target tissues can have both types of nerve
fibres converging on them (especially
that results in the effect.

Neurotransmitters:
The neurotransmitters released at the synapses depend upon the target tissue, e.g.:

1 Acetylcholine is release at muscle end plates, at autonomic ganglia and
parasympathetic post-ganglionic nerve endings

1 Nor-adrenaline is released at sympathetic post-ganglionic nerve endings

1 GABA (gamma-amino-butyric-acid) and dopamine are released primarily in the CNS

1 5-HT (serotonin) is released in the CNS and gut

After the neurotransmitter has been released, with its consequent effect, it needs to be
removed from the synaptic cleft.

In cholinergic synapses, where acetylcholine (Ach) is the transmitter, there are enzymes
near the post-synaptic membrane called cholinesterase, which breakdown the Ach after it
has had its effect. By removing Ach from the post-synaptic membrane receptors, it makes
more receptors available for the next batch of neurotransmitters in the next impulse; if the

neurotransmitter i s not removed, it ef fect

neurotransmitter will have no effect.

In catecholamine synapses, the neurotransmitter could be noradrenalin (or dopamine or
5-HT). Here, the neurotransmitter is not broken down by post-synaptic enzymes, but is
reabsorbed back into the synaptic bulb again and recycled.

Summary of nerve impulses and synaptic transmission:

91 All nervous tissue is excitable has the ability to respond to stimulus, creating an
9 Excitation creating a nerve impulse, or an action potential
o This excitation is electrical in nature
0 The membranes of nerve cells and their processes are maintained at a
resting potential with sodium and potassium the main cations involved;
sodium being pumped out, and potassium being pumped in

1 With the arrival of the action potential, the cell membrane depolarises with sodium
passing into the cell/fibre and potassium out; this action potential is propagated along
the nerve fibre.

1 Immediately after the action potential has passed, the sodium pump set in and
pumps the sodium back out of the nerve fibre, and the potassium back in to re-
establish the resting potential

1 When the action potential reaches the synapse at its target tissue, it stimulates the
release of a neurotransmitter which diffuses across the synaptic cleft; effecting a
change on the post-synaptic membrane in terms of its stimulation of inhibition

1 The overall effect on the post-synaptic membrane is a summation of temporal and
spatial stimulation

1 After the end effect at the post-synaptic membrane, the neurotransmitter is removed
from the synaptic cleft by enzyme breakdown, or pre-synaptic reabsorption.
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Figure 41 - Synapse

Neurotransmitters

Primary Roles Associated Disorders

Acetylcholine Learning, memory Alzheimer’s
Muscle contractions

Dopamine Movement Parkinson’s Disease
Thought Processes Schizophrenia
Rewarding Drug Addiction

Serotonin Emotional States Depression
Sleep

Norephinephrine Physical Arousal Depression, Sleep
Learning ADHD(?)
Memory

GABA Inhibition of Brain Activity | Anxiety

Endorphins Pain perception Opiate Addiction

Positive emotions

Figure 42- Common Neurotransmitters

Disorders of the nervous system

See later in the neurological system
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Anatomical position and classification of anatomical terms

Anatomical position

‘Terms of position and direction describe the
relationship of one organ to another, usually
along one of the three body planes llustrated
in the previous plate. To avoid contusion, these
terms are related lo the standard anatomical
position: body standing erect, limbs extended,
paims of the hands forward.

CRANMIAL, SUPERICR,
BOSTBALA

These torms refer 1o a structure being closer

to the head or higher than another structure of

the body. See the quadruped in the right corner

for a related application of the term “cranial.”

AONTEBICOR, VEXTRBAL:
These lerms refer 10 structure being more in
front than another structure in the body. The term
“anterior” is preferred. See the quadruped for
another application of the term “ventral”

POSTERICR, BDORSAL:
These terms refer to a structure being more in
back than another structure in the body. The term
“poslerior is preferred. See the quadruped for
another application of the term “dorsal.”

MEBIAL»
This term refers 10 a structure that is closer 1o the
median plane than another structure in the body.
“Medal” is not synonymous with “median.”

LRATERAL:
This term refers to a structure that is further away
from the median plane than another structure in
the body.

PRORIMADL-

Employed only with reference to the limbs, this
term refers to a siructure being closer 10 the
median plane or root of the limb than another
structure in the fimb.

DISTAL:
Empioyed only with reference to the limbs, this.
term refers 0 a structure being further away from
the median plane or the root of the limb than
another structure in the limb.

CAUBRL, (INFERBICRE

“These terms refer o a structure being closer

10 the feet or the lower part of the body than \
another structure in the body. See the quadruped
for a related applicalion of the term “caudal.” \ A !
) — \ N
SUPERFEICIAL: DEEE:; \ Q}) i X
The term “superficial” is synonymous with exter- p \ )
nal, and the term “deep” with intemal. Related to l { AT
the reference point on the chest wall, siructure "j !
closer 10 the surface of the body is superficial; & 24
structure further away from the surface s deep. &/ QUADRUPED
- . The quadruped presents four points of direction
IPSICATERAL: CONTRALATERRL. head end (cranial), tail end (caudal), belly side
The term “ipsilateral” means “on the same side” (ventrai), back side (dorsal). In the biped (e.g.,
(in this case, as the reference point); “contra- human), the ventral sige is also anterior, the dor-
tateral” means “on the opposite side” (of the sal side s also posterior, the cranial end is also
teference point). superiar, and the caudal end is inferior

Figure 43 - The Anatomical Position

Sagittal - Midline of the body in the anterior/posterior plane
Coronal/frontal - the midline between front and back of the body.
Transverse -divides the body half way in the horizontal plane.
Cephalad/superior - closer to the head or higher than another structure.
Caudali towards the tail.

Pedad i towards the feet, or lower than another structure.
Posterior/dorsal -towards the back.

Anterior/ventral -towards the front.

Lateral i sideways, further from the sagittal plane.

Medial1 closer to the sagittal plane.

Proximal -referring to the limbs, closer to the trunk.

Distal - referring to the limbs, further from the trunk.

Supine’ body/part lying face up.

Pronei body/part lying face down.
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The Skeletal System

The skeletal system consists of the entire framework of bones and their cartilages. The
study of the bone themselves and their structure is osteology.

The Axial skeleton consists of the head, neck, spine, thoracic bones.
The Appendicular skeleton consists of the bones of the shoulders, arms,

Functions of the skeletal system

Support of soft tissues

Protection of internal organs

Assists in movement; attachment for muscles, provide levers for movement
Production of red blood cells and some white

Storage of minerals; especially calcium and phosphate

Triglyceride (fat) storage

=4 =4 -8 -8 -4

Structure of bones

The skeletal system consists of 206 bones, excluding the auditory bones in the ear (children
have morei why?).
Bone is made up of -20% water, 30-40% organic matter, 40-50% inorganic matter.

Types of Bones (shapes):
There are 5 types of bones
1 Long e.g. femur, metacarpals
1 Short e.g. carpal and tarsal bones of wrist and foot
9 Irregular e.g. vertebra.
1 Flat e.g. frontal bone, sternum
I Sesamoid e.g. patella

Development of Bone

Bones start to develop in utero and continue to do so up to the age of 25.
1 Long, short and irregular bones develop from cartilage,
9 Flat bones from membranes, and
1 Sesamoid bones (form within tendons) from cartilage.

First of all osteoblasts secrete Osteoid, which consists of collagen fibres within a

Mucopolysaccharide matrix. This gr adual |y r epl ac e ©Ossifiteton Gherar ent 6
occurs, when the tissues change into bone

Osteoid may have fibres arranged in two ways:

Non-lamellar bone or woven bone contains fibres arranged in bundles. This occurs in the
bones which arise from membranes and in the healing of fractures.

Lamellar bones have fibres arranged in Haversian canals (longitudinally) and Vol k mann é s
canals (radially). Bone cells fall into several categories. They all arise from the same parent

tissue, as do the chondrocytes which form cartilage. Whether cartilage or bone develops

depends on the oxygen supply to the tissues, bone formation needing more oxygen.
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Bones (structure)
There are at least two types of bone:

1 Compact, hard bone 7 on a microscopic level this contains small spaces which are
filled with lymph and osteocytes. The spaces are laid down in repeating concentric
circles. This gives the bone great strength. It is found in the shafts of long bones and
ribs, and
Cancellous or trabeculate bone i is filled with red bone marrow, a mass of
Developed and developing red blood cells within a fibrous framework. The bone is
made up of a lattice of strands. These strands are not static; they are continuously
changing in orientation as bone undergoes constant anabolism and catabolism. It is
found at the ends of long bones and in the skull.

= =

Mature compact bone

Bones is a highly organised tissue. This organisation is closely associated with the blood
flow and drainage. The basic unit of its structure is the Haversian system. The bone
intercellular substance consists of collagen fibres embedded in a calcified matrix of calcium
phosphate and other salts.

Com paCt : '>é('08teogsteolni_c canal
Bone @ containing vessels

and nerves
/Periosteum

Nerve —

Blood Nerve
vessels Osteonic
Compact—— ek
bone : Blood

vessels
Perforating

Figure 44 - Cross Section of Bone Showing Haversian Systems
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Seeing one of the lacunae close up:

High power transverse section of some lacunae and canaliculi

Figure 45 - Closeup of bone showing lacunae and canals

Mocoubnicha Nerve fibres
Haversian system
Blood vessels
Canalical osteum, a membrane of
e delicate undifferentiated
fluid
mesenchyme cells
- Bone substance
Dstencyte Fluid filled lacuna

Haversian canals run longitudinally through bone, the blood vessels of which join up with each other
for both supply and drainage via the transverse running Volkmann's canals

Longitudinal view of a small piece of bone showing arrangement of canals

aversian Canals

Volkmann's canals

Section of Mature Lamellar bone

Outer
circumferential
lamellae

Concentric lamellae

See Figure 6.2b Blood vessels

i :
for details Lymphatic vessel

Lacuna Osteocyte

Medullary cavity

Trabeculae

Periosteal

vein

Periosteal

artery

Periosteum:
Outer fibrous
layer
Inner
osteogenic
layer

Central canal

Inner -
circumferentig’lw v
lamellae L

Perforating
canal

Lymphatic
vessel

Compact bone

Figure 46 - Section of Bone Showing Osteon and Canals
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—— Cortical
osteoblasts

forming new
bone

,_—— Cancellous

Figure 47 - Cross Section of Trabecular Bone

Bone can be a permanent tissue because the impermeable intercellular substance is
permeated with small canals containing blood vessels and lymphatic vessels. Hence bone is
highly vascular, whereas cartilage is not.

Cancellous or trabeculate bone

Here the Haversian systems are not so well developed and may seem not to be present at

all. The cells here lie in lacunae and are connected with canaliculi to spaces between the

trabeculae where there is a vascular system. Hence it has an organisation as compact bone.

The trabeculae have an arrangement to give the bone tensile strength along specific lines:
LOAD
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Figure 48 - Section of the head of thedmur, showing thetrabeculaeand how they direct and disribute f orces
through the bone

Section of the head of the femur demonstrating the trabeculae and how they direct and
distribute the forces exerted through the bone.

34



Compiled by Laurence Hattersley 2016

Ossification
There are two types of ossification:

a) Endochondral i or intracartilaginous, from a cartilaginous matrix model
b) Intramembranousi within membrane

Endochondral

Here the bone forms within a cartilaginous model e.g. humerus, femur. In the embryo,
hyaline cartilage forms the basic model and, with development, it will be replaced almost
entirely by bone. The cartilage is covered by perichondrium. As the vascular system
develops in the embryo, blood vessels grow towards the centre of the cartilage model and
bone formation is stimulated.

Hence the sequence of events is:

1.
2.
3.

4.

Invasion of cartilage area by blood vessels

Calcification and eventual death of cartilage

Reabsorption of fragments of cartilage by phagocytic cells. Local production of
trabeculate bone

Gradual replacement of subperiosteal trabeculate bone by compact bone with
Haversian system organ

Centre of diaphysis eventually being cleared of bone and filled with red and yellow marrow;
red marrow is blood-forming, yellow is fat filled.

5.

Figure 49 - Ossification from a cartilaginous

Gradual growth and remodelling of the bone begins as the muscles function to pull in
particular directions.

Hyaline cartilage model

Perichondrium

Area of primary ossiication,
invaded by blood vessls
Cartilage

Secondary ossification centre
in epiphysis

Caleification
spreads towards
both

b Calfiatonof hyalne

cartilage is followed by death
of cartilage and its replacement
by bone

More
blood veseels

Artcular hyaline
cartlage, part of joint
matrix

Trabeculate bone forms
in epiphyses and spreads
m;lm ot Epiphyseal disc
Area of metaphysis of
trabebulae of bone

Bone formed to
replace dead calcified
cartilage of diaphysis

Marrow cavity stil contains
some wspecialsed
‘mesenchyme cells

which can form new

. blood colls

Sub-periosteal
compact bone of
diaphysis

Epiphyseal disc, an area
o carage which alows
growth n length
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Bone growth

This takes place in two areas:
1 Atthe ends of (e.g.) long bones (epiphysis) , from activity in the epiphyseal disc
1 Increase in circumference from activity of the inner, osteogenic, layer of the

Longitudinal section through long bone to show epiphyeal disc

articular
surface of
hyaline cartilage

£
’ “‘ cancellous bone

A wleey
L o ..5?3’ N

cells give rise
to more cartilage

epiphyseal disc

O A i ‘** older cartilage
axea af Doy i & "Q' . "\this side becomes
e ‘ Caleified, dies and is

or .’ 'gf‘n‘ replaced by bone

trabeculate bone

o~
Loy 8 P
f<. 3.*_:,{\_, o periosteum
marrow cavity ‘ ,;_;_f.,'.‘;-:}_h: i o
full of ST &y “:Q‘:_’u{ tl & —_—_—
mesenchyme ,“)A e T sub-periostea
blood vessels etc. compact bone

periosteum of the diaphysis

Figure 50 - Bone Growth at the End of Long Bones

Catrtilage is formed within the epiphyseal disc and is turned into bone. This is how the bone
grows in length

The modelling of the bones is from the action of the forces on the bone from its surroundings
e.g. the pull from muscles via their tendon attachments.

Intramembranous ossification

This is bone formation wher ebeforehamde.g.theboesofa cart
the skull, sternum and ribs.

Bone maintenance

Bone is not a fixed substance, but undergoes constant replacement and remodelling with a
continual turnover of osteocytes. All this is in response to the changes of forces to which the
bone is exposed. For this to happen there needs to be a supply of calcium, phosphates and
carbonates. There are hormones that maintain normal calcium homeostasis in the blood;
hormones from the parathyroid and Calcitonin from the thyroid gland. These, along with
vitamin D, affect calcium absorption form the gut and excretion via the kidneys.

Bone, like skin, forms before birth but continually reforms itself. Even after reaching their

36



Compiled by Laurence Hattersley 2016

adult size, old bone is being continually destroyed and new bone is laid down. This is called
remodelling; it occurs as a continual process or in the occasion of fracture, maintenance and
repair of bone tissue is carried out by specific cells:

Osteoblasts occur in the deeper layers of periosteum, ossification centres of immature
bone: the diaphysis and epiphyses, and at fracture sites. As they become trapped in the
developed bone they stop dividing to produce new cells and become osteocytes.

Osteoclasts occur under the periosteum, to maintain the shape of the bone and remove
excess callus formation at fracture sites, and also round the walls of the medullary canal in
the centre of the long bones to maintain the correct ratio of canal to lamellar bone. They
control resorption.

Both osteoblasts and osteoclasts are not only active in growth and normal bone
homeostasis; they are also active in healing. If there is a fracture of a bone, the fracture will
disrupt the blood flow through the bone, causing death of bone tissue adjacent to the
fracture site. Here osteoclasts reabsorb the dead bony tissue, whilst osteoblasts lay down
new bone tissue.

This normal metabolism is dependent upon several factors, including: 1) adequate minerals,
especially calcium, phosphorus and magnesium, 2) vitamins A, C and D, 3) several
hormones and 4) weight bearing exercises.

The structure of bone consists of:

1 The diaphysis (growing between) i the main body or shaft of the bone

1 The epiphysis (growing on or over i the distal, or proximal ends of the bone

1 The metaphysis (meta=between) i the region in a mature bone where the epiphysis
joins the diaphysis

9 The articular cartilage i the thin layer of hyaline cartilage over the end of the
epiphysis that forms an articulation with another bone

1 The periosteum -the dense sheath of irregular connective tissue that wraps around
the one where it isnét covered with hyaline

9 The medullary cavity T or marrow cavity, is the space in the diaphysis fat or
Haemopoietin cells

9 The endosteum (endo=within) T a thin layer of cells that line the marrow cavity. It
contains single layer of osteoblasts

Articular .

cartilage — Epiphyseal

; 417, Plates
Epiphysis — \

—- Secondary

Cancellous ). | epiphysis

bone
Compact bone b Articular
Medullary W)/ [-Diaphysis cartilage

cavity (contains -
red marrow)

Periosteum —|
Endosteum —} Cancellous

(a) Young bone bone ‘
Compact bone —

Medullary
cavity (contains
yellow marrow)

Epiphyseal

: ety o lines

Epiphysis Secondary
epiphysis

F Diaphysis

! Vil
Periosteum” 8¢
Endosteum

(b) Adult bone
Figure 51 - Diagram Showing Regions of Long Bone
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Disorders of Bones:

Osteoporosis -a reduction of
bone mass due to the rate of
deposition being out stripped by
reabsorption. It may be
progressive or reversible
depending on the cause.
Cancellous bone is more easily
affected.

Localised osteoporosis may occur
when a bone is immobilised due
to a fracture, paralysis or
conditions such as arthritis (see
below).

Prolonged generalised immobility
may lead to the reabsorption of
calcium causing kidney stones

and this can lead to renal failure. Figure 52 - Bone: normal compared with osteoporotic

Generalised osteoporosis seems

to be due to hormonal fluctuations and is therefore more common in women than men.

It often happens post- menopause ofr can happen in female a
balance is disturbed due to excess reduction of body fat, leading to under production of

oestrogen. There is evidence to suggest that too high a level of protein in the diet can lead to

osteoporosis in later life. The balance between oestrogens/ androgens and glucocorticoids

also seems important.

Fractures: Fracture types

1 Simple (a clean break),

1 Comminuted (several
fractures in the same region),

T Compound (protrudes from
the skin)

1 Green-stick (more frequent in
the softer immature bones and
like the break of a green twig).

1 Stress (repetitive  activity
producing healing e.g.
metatarsals)

Oblique Comminuted  Spiral Compound

Figure 53 - Common types of fracture

Ricketts

This is due to

vitamin D deficiency. Vitamin D is important in children for the
absorption of Calcium from the gut; hence it occurs in children
resulting in the bones being softer and causing them to be bowed. A
similar condition in adults is called osteomalacia, due to incomplete
ossification or defective deposition and reabsorption.

Figure 54 - Ricketts
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Osteomyelitis- microbial infection of bone due to fracture, spread from an abscess, surgery
or infection via the blood.

The bone may become necrotic or filled with pus or an abscess may form with a sinus which
drains through the skin. The condition may resolve and heal completely. Alternatively the
infection may become chronic, with delayed repair or the infection may spread into the joints
or the blood.

Tumours

Bone tumours may be malignant, as is shown here with an osteogenic sarcoma with its
characteristic O6sunrised appearance

Figure 55 - Osteosarcoma

Benign tumours, like this osteoid osteoma, can challenge the bones local integrity

Figure 56 - Osteoid osteoma
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Joints

A joint is the junction of two or more bones which allow flexibility and movement of the
is that all joints move; hence movement is the function of

body. The most basic premise here
any joint.

Bones are connected to one another by ligaments. These are strong inelastic fibrous bands

of tissue. These pass from bone to

Types of Joints

Fibrous Joints
Indiscernible (not obvious) move

skull sutures and the joints between the teeth and
jaw, ribs and costal cartilages, lower ends of tibia

and fibula (slight movement possibl

ulna

radius

interosseous
membrane

tibia

fibula

ligament

Figure 57 - Fibrous joints

Cartilaginous Joints
Catrtilaginous joints are defined
as Osl| i gh'tjdins. Theg v
can be primary (synchondrosis),
or secondary (symphysis) they
contain strong ligaments and
fibrous cartilage e.g. the pelvis,
vertebral discs (except atlas and
axis), manubrium and gladiolus,
manubrium and xiphoid (these 2
can become fixed in later life),
as can the pubic symphysis.

bone stabilise joints; limiting their movement.

ment e.g. the

e).

dense fibrous
connective tissue

of tooth

Gingiva
(gum)

Root
of tooth

Gomphosis

Sternum
(manubrium)

Joint between first
rib and sternum
(immovable)

Sternum (body)

Vertebral body

Intervertedral
osc

Posterior longtudnal Igament

Figure 58 - Cartilaginous joints - primary and secondary
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Synovial Joints

Synovial joints are freely movable joints. There are several types of these, which allow
different types and ranges of movement according to their structure (See below)

They all have factors in common:

1. Bony ends covered in articular cartilage; hyaline cartilage. Its function is to cushion
the impact between the two ends of bone, with movement, and to reduce obvious
wear and tear occurring therein. . This cartilage is avascular. It structure is like a firm
sponge; joint movement compress the sponge, squeezing out the synovial fluid (see
below), and on release it is sucked back in again T creating an effective circulation
within in the cartilage.

2. Capsule of the joint. This is a fibrous structure that literally encapsulates the joint,
defining its limits.

3. Synovial membrane. This is made up of epithelial cells, lining the inside of the
capsule, secreting a sticky fluid, similar to egg white. This lubricates and nourishes
the joint and holds the bones in contact, in the same way that a water film holds two
pieces of glass together.

4. Ligaments. These occur outside and inside joints, connecting bone to bone limiting
its range of movement (i.e. preventing dislocation) and stabilising the joint.

5. Bursae (singular i bursa). These are small fluid filled sacs with a synovial
membrane outer lining occurring only in some joints; they act as cushions and are
positioned between tendons and bones and between tendons to reduce friction

6. Muscles. These attach to bones via tendons and move, and stabilise, the joint when
they contract

7. A blood and nerve supply [motor to the muscles; sensory from the muscle spindles,
tendons (Golgi tendon organ), capsule and ligaments].

e alie s, Fibrous

€ gac e e
Uie=e
A ogit e / capsule

Synovial
membrane

Cartilage Joint cavity

LR e with synovial
‘(f“‘((‘ ﬂuid
Figure 59 - Synovial joint
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Classification of Synovial joints

Types of Synovial Joints

1. Gliding 1 allows limited movement usually in one plane; e.g. acromioclavicular joint,
intercarpals, inter-metacarpals, inter-metatarsals, sacroiliac joints, proximal
tibiofibular, facet joints of vertebrae.

2. Pivoti allows rotation movement; e.g. between atlas and axis at top of neck,
proximal and distal ends of radius and ulna.

3. Ball and socketi hemispherical convex surface sitting in concave surface, allowing
flexion/extension, adduction/abduction, rotation and circumduction; e.g. hip,
glenohumeral and talocalcaneonavicular joint.

4. Ellipsoidal/condyloid 7 oval shaped with convex sitting in concave surface, allowing
two planes of movement excluding rotation; e.g. radio-carpal, metacarpal and
phalanges, metatarsal and phalanges,(structurally, also the tibio-femoral, TMJ and
occipitoatlantal joints, though functionally these are hinge joints)

5. Saddlei Two reciprocally concave surfaces, allowing two planes of movement,
excluding rotation; e.g. sternoclavicular, base of first metacarpal and trapezium in
wrist.

6. Hingei allows only flexion/extension; e.g. knee, elbow, TMJ, O/A.

hinge joint pivot joint ball-and-socket joint
.‘
~.
elbow leg shoulder

humerus

- fibula
tibia

humerus

ulna

Figure 60 - Synovial Joints
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condyloid joint gliding joint saddle joint

>~

P d

+wrist +tarsus +thumb

radius +

lunate + \ +trapezium

scaphoid +

— + metacarpal
& navicular +

+2nd cuneiform

1st cuneiform + \

Disorders of synovial joints

. . . . . Rheumatoid arthritis
Rheumatism 71 infers any painful condition affecting (late stage)
the supporting structures of the body-bones, joints,

tendons, ligaments etc. that is not caused by injury .

. s .. . . Boutonniere
Rheumatoid arthritis T an autoimmune disease deformity\/
affecting the joint cartilage and linings of thumb ¥

«4

Ulnar deviation of
metacarpophalangeal
joints

Figure 61 - Deformity of hand with Rheumatoid Arthritis i‘:’?{;;er:k deformity

FADAM.
Osteoarthritisi degenerative joints disease characterised by deterioration of the articular
cartilage. It results from a combination of aging, irritation of the joints, and wear and tear. It is
distinguished from RA in that it affects the larger joints (knees and hips) first, whereas RA
affects the smaller ones first (the carpometacarpal joints in the hands)

Figure 62 - X-ray of hip - normal and
with osteoarthritis
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Osteoarthritis i degenerative joints disease characterised by deterioration of the articular
cartilage. It results from a combination of aging, irritation of the joints, and wear and tear. It is
distinguished from RA in that it affects the larger joints (knees and hips) first, whereas RA
affects the smaller ones first (the carpometacarpal joints in the hands)

Gout-caused by the deposition of
sodium uprate crystals. Phagocytes
(macrophages) ingest the crystals but
cannot break them down; this causes
the macrophages cells to split and,
consequently, inflammation then occurs.
If uric acids levels are high due to
overproduction, poor diet or under
secretion by the kidneys this will occur. It
can be repeated attacks can lead to
permanent damage. Most commonly
affects the base of the big toes, ankle, knee, wrist and elbow. Figure 63 - Gout, showing tophi

Sprains T are forced twisting or wrenching of a joint (but not a
dislocation) affecting the ligaments

Strains 1 this are similar injuries, but affecting the muscles

X

The Muscular System

Muscles

We tend to see muscle as just meat, but muscle is a specific type of tissue. It has the
gualities of being excitable (can be stimulated and can contract) and of having an elastic
qguality (can be stretched); hence it can only, really, move within itself. For it to move
anything else, it needs to be attached to it, and for this it needs connective tissue, mainly in
the form of tendons.

General structure of skeletal muscle

The basic unit of skeletal muscle is the myofibril.

1 There are collections of these muscle fibres (myofibrils) running parallel with each

otherand are wrapped up connective tissue (endomysium; endo = inside).

Bundles of these are wrapped up in another layer (perimysium; peri = around)

Bundles of these bundles of these are wrapped in yet another fascial membrane

(epimysium; epi = on).

9 All this connective tissue continues at the ends of the muscle forming the tendons,
which then attaches to the periosteum of the bone.

)l
)l

The types of muscle and their function was described in the tissue types section

Skeletal muscles are usually defined in terms of:
9 Origini where it comes from
1 Insertioni where it goes to
9 Action i what movement occurs (usually moving insertion towards origin)
1 Nerve supplyi the name and root value of the nerve supplying it.
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Muscular Function

All muscles work by contracting and relaxing; this creating movement.

Contraction leads to a shortening and thickening of the muscles, whilst they can lengthen
and become thinner on relaxation; a healthy muscle is also elastic, in that it has the capacity
to be stretched.

Voluntary muscles work in groups; there are agonistic/antagonistic groups (working against
each other) and synergistic groups (working with each other); thus, as one group contracts
the other relaxes and vice versa.

The all or none law of muscle contraction means that an individual fibre contracts fully along
its length (each fibre has its own nerve). The overall strength of muscular contraction is
therefore governed by how many individual fibres within the muscle contract. Sustained
muscular contraction is performed by groups of muscle fibres contracting in series.

When a muscle contracts, 30% of the energy used is seen in muscular work, whilst the rest
goes into producing heat. This is why we shiver when we are cold (to produce heat) and why
muscles become more relaxed when heated externally.

Reflexes

Voluntary muscles are also under the control of reflexes, which can be simple or complex in
nature.

A simple reflex would be that if a tendon (e.g. the knee, via the patellar ligament) is
tapped; this causes a sudden stretch of the muscle, stimulating the muscles spindles spread
over the surface of the muscle. This stimulation causes impulses to be sent into the spinal
cord and a consequent motor response causing the muscle to contract.

A complex reflex would be, e.g. in response to touching a very hot surface. The reaction
would be to draw the whole hand away, involving more than one muscle. There are also
the stretch reflexes which prevent excessive joint movement when certain nerves are
stimulated.

Muscle tone - skeletal muscles are always in partial contraction in order to maintain posture
and balance and fight the effects of gravity. However there is a learned adaptation to this
creating an increased fascial tension

Muscle fatigue occurs when a big effort is made involving the contraction of all the fibres at
the same time. When this happens it can only be maintained for a short time, since all the
fibres run out of calcium at the same time.

If muscles are weak or damaged, they need to be strengthened gradually to prevent further
damage being done. Since the joints and muscles cannot be rearranged it is necessary to
either use lighter loads and repeat the movement more frequently or adjust the lever length
e.g. bend the arm.

Types of muscle work
Concentric -the muscles work and shorten, isotonic.

Eccentric -it gradually stretches as it works, controlling rate of movement.
Static - it works and remains the same length, isometric.
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In all these cases the opposing muscles are completely relaxed. Eccentric work is the
easiest and static, the most difficult. In normal movement concentric and eccentric work is
done, and if done against resistance, which is with a load, it will build up strength. Static
exercises will build muscle bulk and strength but have several disadvantages. Muscles are
designed to work with movement. It will not increase cardiovascular fitness since no blood
flows into the muscle -what would be the effects of this? Also there is a raise in blood
pressure

As was said above, muscle work in groups and these are named after their actions:

E I I ]

Extensor
Flexor
Adductor
Abductor
Supinator
Pronator
Rotator
Sphincter

Disorders and dysfunctions

1

=a =4 A

= =4 =4 =8 -8 -8 -9

Fibrositis (lumbago -lower back, torticollis -neck) inflammation of the muscle,
normally as a result of spasm (bit of a misnomer,, as myo = muscle)

Cramp -a sudden contraction or spasm in the muscle.

Poliomyelitis - a viral infection of the nervous system causing muscle wastage.
Multiple sclerosis - demyelinating of the nerves leads to muscle weakness and to lose
of voluntary control at times.

Atony -loss of muscle tone

Atrophy -wastage of muscle due to disease or disuse.

Ganglion - a cyst on the tendon sheath or joint capsule

Rupture -a tear in the muscle or the fascia.

Spasm, Sprain, Strain

Myasthenia gravis -an auto immune disease which causes defective muscle
stimulation, leading to progressive muscular weakness.

Dystrophy
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The Chemistry of Muscle Energy

Each muscle fibre cell contains myofibrils which cause contractile. Between these lies the
sarcoplasmic reticulum which contains a high concentration of calcium, important for
conducting the nerve impulses which trigger contraction. Muscles cells also contain many
mitochondria which produce ATP, the primary energy currency of cells. Within each
myofibril lie strands of overlapping proteins, actin and myosin. Contraction occurs when
these two strands slide over each other, shortening the muscle.

Between the actin and myosin are cross links, much like a zip, which fasten and break to
allow contraction. When a nerve impulse triggers the contraction, calcium ions leach out to
permit the contraction to take place. The main thing required for muscle contraction is for
several linked metabolic pathways used by cells to transfer the energy released from the
breakdown of fuel molecules (macronutrients), converting them to ATP

The primary nutrient that supplies energy is glucose

CeH1206 ——> 6C02+60:

There are metabolic processes necessary for the breakdown of glucose for energy:

1. Pyruvate oxidation
2. The citric acid cycle
3. The respiratory chain (electron transport chain)
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Figure 64 - Glucose and its Conversion into ATP
Glycolysis

Glycolysis is a process whereby Glucose (a C6 compound) is split into two; these are (2 x
C3 compounds) called pyruvate. Glycolysis takes place in the cytosol.

This produces some usable energy: 2ATP.Glycolysis begins glucose metabolism in all cells.
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Glycolysis does not require O; it is an anaerobic metabolic process.

Cellular respiration requires oxygen i it is aerobic. Cellular respiration takes place in the
mitochondria where the pyruvate is converted into acetyl CoA and fed into Krebs cycle. It is
here where the bulk of ATP is synthesised

If there is increased need for energy, there is a greater need for Oxygen (i.e. with exercise,
you breathe faster). However, there is a limit to how much we can breathe, and our energy
requirements can outstrip this. Now the body is functioning at capacity for aerobic energy
production, but it still requires more; so now it undergoes anaerobic respiration
(fermentation). Now glucose will still be split into pyruvic acid, if cellular respiration in Krebs
cycle is going at capacity, there will be build-up of pyruvate and will cause a chemical
imbalance. To prevent thisitwillbe 6 s hd itkdewaysd and made into | act

This is designed to be only a temporary side-product of anaerobic glucose breakdown, and
about 80% of it diffuses away into the skeletal muscle. From here it is transported to the liver
where it is changed back into glucose again. However, some of the lactic acid accumulates
in the muscles and some exercise physiologists claim it is the reason for feeling muscle
fatigue. In the end, though, all of the lactic acid is converted back into glucose, this process
requiring oxygen; the oxygen required for this process is called the oxygen debt. Hence
after vigorous activity is over, laboured breathing continues to pay back this debt.

Anaerobic respiration can only occur in skeletal muscle. Smooth muscle and cardiac muscle
cannot metabolise glucose anaerobically; they must have oxygen. In truth, it is unlikely that
smooth muscle will require anaerobic respiration; however cardiac muscle will encounter

such situations in extreme exercise. Cardiac muscle only has the o6facilit
respiration; it must a have blood supply, itmust have oxygen. | f it d
this is a heart attack, or myocardial infarction.
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The Musculoskeletal system

Bones of the head
Some consider the bones of

the head in

terms of the vault bones and the facial

bones6hanging of

The vault bones

Frontal
Parietals
Occiput
Temporals
Sphenoid
Ethmoid

=A =4 =4 -8 - -9

Figure 65 - Bones of the hea

The facial bones

T Maxillae
1 Palatines
 Vomer

1 Zygomae
i Nasals

1

1

Chonchae (turbinators)

Mandible

foé the

Frontal

Sphenoid

Lacrimal =~
Maxilla ~_

Lesser wing
of sphenoid ~_

Greater wing
of sphenoid

Zygomatic bone —

_~ Parietal

|
¢ |
|

Ly Frontal bone

" Part of ethmoid bone

, seen in wall of orbit
/

_ Nasal bone
—

~ Lacrimal bone

_ Parts of ethmoid bone (green)

iX " seen through nasal aperture

#5~ Inferior nasal concha (blue)

.\“' Vomer (red)

— Occipital

\
Maxilla Outline of nasal aperture

Bones of the vertebral columni axial skeleton

1 7 cervical vertebrae =
1 12 thoracic vertebrae -‘?é”
1 5 lumbar vertebrae g
1 5 (fused) sacral vertebrae 2
1 3 coccygeal vertebrae ,;"‘S
Bones of the spine e
The bones are numbered from the top down, as per the region of the Q;t
spine in which they occur (e.g. Cervical 2 = C2; the second bone down '}'i
in the neck) >
i
Ligaments of the Spine N

9 Anterior longitudinal ligament
0 Runs the whole length of the spine on the anterior aspect
of the vertebrae and discs; it stabilises the front of the spine
1 Posterior longitudinal ligament
0 Runs the whole length of the spine on the posterior aspect of the vertebrae
and discs; it stabilises the back of the spine.
1 Interspinous ligaments
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o Between the TPs of the vertebrae; it stabilises the spine in flexion
1 Supraspinous ligament

o This joins all the tips of the TPs and runs the entire length of the spine; it
stabilises the spine in flexion
1 Ligamentum nuchae
o This is a strong fibrous structure between the occiput and C7, joining all the
TPs.
1 Thoracolumbar fascia

o0 This is a fibrous envelope wrapping around the lumbar erector spinae,

extending from the sacrum up to the level of T8; it is not a ligament, per se,
but acts as one

Inferior articular process
. Capsule of zygapophyseal joint
Anterior (partially opened)
longitudinal ligament
Superior articular process

Transverse process
Lumbar vertebral body

Spinous process

Ligamentum flavum
Intervertebral disc

Interspinous ligament

y A
Anterior / > 7\Supraspim'msIigament
longitudinal ligament 52 3 :

Posterior
longitudinal ligament

Figure 66 - Ligamentum nuchae and thoracolumbar fascia
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Posterior
fn/— Spinous

& process

The common factors all vertebrae share are:

Vertebral body

Pedicles

Laminae

Transverse processes S
. Superior articular

Spinous processes process

Superior and inferior  articular

processes and facets Pedicle

Figure 68- Typical vertebra

=A =4 -8 -8 -89

Vertebral
foramen

Body
(centrum)

Anterior

Joints of the Spine
The primary weight-bearing joint in the spine is the intervertebral disc. It is a cartilaginous
joint, allowing limited movement between each bone, but summating up along the length of
the spine. Legend would believe that these structures are discrete and can move out of
place. This is not true. They are bound to the adjacent vertebrae and to the longitudinal
ligaments.

Their structure consists of concentric

% Ihtervertabral disk rings of fibrous tissue (annulus
ﬁ - Annulus  fihrosys) with a gelatinous, almost
4
3N

N

Q fibrosus liquid, centre (nucleus pulposus). This

, SN > \ arrangement allows the structure to

S bear weight and allow movement (like
E%ﬁ Eb‘ﬁ_}gggs a ball between two boards). However,

the disc is not the only joint in the
spine. Behind the disc are two facet
joints, the plane of which defines what
type of movement occurs at that level,
dependent upon the plane of the
joints, e.g. in the neck, the plane of the

Transverse - = ] -
. process Superior facet joints are relatively horizontal,
; S articular facet  g)jowing lots of rotation, whereas in the
P process lumbar spine, they are in the sagittal
Figure 69- Crosssection of spine showing disc plane allowing more

flexion/extension, but less rotation.

The common factors all vertebrae share are:

Vertebral body

Pedicles

Laminae

Transverse processes

Spinous processes

Superior and inferior articular processes and facets

= =4 =8 -8 -8 -9
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There are natural curves in the spine.

Figure 70- Normal curves of spine

A curve that is concave forwards is called a kyphosis, as in the thoracic spine and sacrum;
whereas a curve that is concave backwards is called a lordosis, as in the cervical and
lumbar spine.

At the base of the spine is the pelvic girdle. It consists of 3 bones and 3 joints. The bones
are the sacrum, and two innominate bones (bone without a name). Together they form a

most robust structure that is capable of transferring forces up into the spine from the legs,
and vice versa.

Secral
promontory

Sacroiliac
joint

44 Posterior superior

¢ e iliac spine

$+w,, " Posterior interior
) iliac spine

0 VRS Z % | G A Ischial
: \ 4 7 i spine

e '\\ 3 9 JE®

# ‘“/Fem e bk \ 747 Ischial
\ e i X s’ tuberosity

i 5 : Subpubic
mphysis pubis Pubic / (
R«erpubxc disc) tubercie  / Coceyx angle
ANTERIOR VIEW POSTERIOR VIEW

Figure 71 - Pelvic girdle

Any curvature to the side is known as a scoliosis.

There are two types:
 Organicit hi s occur s du growthgears,h
when the spine grew like it. This type is irreversible.

1 Functional- This type is the result of an adaptation to
an external situation. This type is reversible

Figure 72 - Organic scoliosis
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