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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. 

 
 

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 



 

 

Compiled by Laurence Hattersley 2016 

2 

 

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. 
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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. 
 

 

Within this membrane are also 
transmembrane proteins, 
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.  
 
 
 
 

 

 
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. 

 

 

 

Figure 2 - Fluid mosaic model of cell membrane 
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Cell Nucleus 

   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  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 numbers, shapes and sizes 
in the cytoplasm of all animals’ cells. 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 cell – ATP 

(Adenosine Triphosphate) in a process called cellular respiration  (see your videos supplied 
on your disc). This fundamental to all active cellular processes. 

Figure 4  - Cell nucleus 
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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 looks ‘lumpy’ under the 

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 – 20 flattened 

membranous sacs (called cisterns). It is here where the proteins are packages up for ‘export’ 
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. 

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, mRNA 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 

 

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 

Figure 5 - Schematic of gene transcription and 
translation 
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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) 

 
Protein structure 

The end result of this synthetic 
process is the primary structure; a 
simple  amino acid chain, but it is not 
yet a protein. To function as a protein, 
it has to take on a three dimensional 
structure, such that it can fulfil its 
function as a protein. It does this in a 
number of ways:  

 
Secondary structure 

 α-helix – this is a coil-shaped 

structure 

 β-pleated sheet – this is zig-

zag structure (held together by 
hydrogen bonds).  

 
Tertiary structure 

This forms when bonds form between 

adjacent side-chains (by disulphide 
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. 
  

Figure 6 - Protein 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 – 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 

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 I and meiosis II 

 

 

 

 

 

 

 

 

 

Figure 7 - Mitosis - Stages 
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Meiosis I: 

Prophase I 

DNA replication precedes the start of meiosis I. During prophase I, 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 
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 
chromosome coming from each (original) parent. The 
nuclear membrane disappears.  

One kinetochore forms per chromosome rather than one 
per chromatid, and the chromosomes attached to spindle 
fibres  begin to move.  
 

Metaphase I 

Bivalents, each composed of two chromosomes (four 
chromatids) align at the metaphase plate. The orientation 
is random, with either parental homologue on a side. This 
means that there is a 50-50 chance for the daughter cells 
to get either the mother's or father's homologue for each 
chromosome.  

Anaphase I 

Chiasmata separate. Chromosomes, each with two 
chromatids, move to separate poles. Each of the daughter 
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.  

Telophase I 

Nuclear envelopes may reform, or the cell may quickly 
start meiosis II.  

Meiosis II  is similar to mitosis. However, there is no 

preliminary  phase  of duplication. The  chromatids of 
each chromosome are no longer identical because of recombination. Meiosis II separates 
the chromatids producing two daughter cells each with 23 chromosomes (haploid; x), and 
each chromosome has only one chromatid.  

 

Figure 9 - Stages of Meiosis 

Figure 8 - Meiosis 
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Summary  comparing meiosis with mitosis: 

Figure 10 - Stages of Meiosis - overview 

 
 
 

Tissue Types 

 
There are  four basic tissue types: 

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

exocrine and endocrine type 

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

 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  

 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 



 

 

Compiled by Laurence Hattersley 2016 

10 

 

 

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 epithelium– 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. 

 
Simple squamous  epithelium (squamous = scale-like) 
 

 

 
This type is very delicate and so won’t take much wear and tear, but can be used in cases 
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. 

Figure 12  - Cuboidal epithelium 

Figure 11 - Simple squamous epithelium from above and the side 
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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 
 

 
  

Figure 13  - Columnar Epithelium 

Stratified epithelium occurs when protection is its main 
function. Here there are several layers of cells (stratum 
=layer) 

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 

Figure 15  - Transitional epithelium 
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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. 

 
 
  

 

 

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 oocyte 
wafted by ciliated columnar epithelium 
along a fallopian tube. 

Epithelia can also have a ‘brush border’. 
This is not ciliated as such they don’t 
have the power of movement; here they 
have the function of increasing the 
surface area for absorption e.g. the 
columnar epithelium of the small intestine 
for absorption of foodstuffs; proximal 
convoluted tubule of the kidney for 
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. 

 
Glands 
Some epithelial cells have 
more specialised function 
than just lining surfaces - this 
the secretion of substances 
formed in the cell cytoplasm. 
Broadly speaking exocrine 

Figure 17 - Ciliated epithelium 

Figure 18 - Endocrine and exocrine glands 

Figure 16 - Pseudostratified 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 ‘packing’ and storage. 

 
Basically, connective tissue is the type of tissue that binds, unites and connects parts of the 
body: 

 Binds together structures which need to be held together to ensure the integrity of an 
organ 

 Supports structures within the body and provides rigidity where needed e.g. skeleton 

 Protects organs with coverings, sheaths and capsules e.g. brain, joints 

 Subdivides organs or regions of the body by sheets, partitions or membranes of 
varying strength and thickness  

 Unites dissimilar tissues e.g. muscle and bone, which could not otherwise join and 
whose action might cause them to part  

 Provides packing material in spaces between and around structures in the body 

 
 Types of connective tissue: 

   

Loose areolar tissue 
 

Figure 19 - Loose Connective 
Tissue 

 
 
 
 
 
 
 
 
 
 
Dense fibrous 
connective tissue 

F
i

g
u
r
  

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. 

Figure 20 - Dense fibrous connective 
tissue 
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Adipose tissue 

 
Adipose tissue is very cellular, the cells of which are 
used to store fats. It gets a good blood supply. In 
the diagram above each individual cell would be 
filled with fat. 

 

 

Cartilage 

There are three different types of cartilage: 

1. Hyaline – because the intercellular 
substance looks smooth and glass like 

2. Elastic – because there are elastic fibres present in the intercellular substance as well 
as cartilage 

3. Fibro-cartilage – because the intercellular substance contains much  collagen. This 
often occurs in tendons’ attachments to bone, with regularly arranged bundles of 
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. 
 

  
 

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 become chondrocytes. They live in a ‘pool’ of 
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 
this is found are:  

 End of the 
nose 

 L obes of the 
ear 

 
Figure 23 - Elastic Cartilage 

 

Figure 21 - Adipose tissue 
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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 

Figure 24 - Fibrocartilage 

  

The importance of the amorphous intercellular substance 

Cartilage 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 – usually by appearance: striated or non-
striated, or whether or not it is under conscious, voluntary control.  
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Figure 25 - Types of muscle tissue 

 

Type of 
muscle 

Morphology Under conscious 
control of will or 
not 

Organs usually 
controlled 

Type of action 

Skeletal  Striated  Voluntary  Skeletal  Tonic e.g. posture 
maintenance  

Cardiac  Striated  Involuntary  Heart  Rhythmic; myogenic  

Smooth  Unstriated  Involuntary  Gut  

 

Blood vessels 

Uterus  

Rhythmic; myogenic 
and neurogenic  

Not rhythmic 

Rhythmic and 
myogenic 

Figure 26 - Types of muscle tissue and actions 

Myogenic – activity arises from within the muscle tissue itself 

Neurogenic – activity arises from nervous stimulation, i.e. not from within the        muscle 

itself 

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

all day. 
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Phasic – 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 ‘all or none’ law; that is the whole  fibre will respond and 
contract to a nerve stimulus, and not just any small part of it.  

 

 

Figure 27 - A muscle fibre with the end plate 

of the motor nerve 
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Figure 28 – Close-up Showing the Sarcomere with the Overlap of Protein Fibres 

This diagram shows why skeletal muscle is termed striated – 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,  elongated and multinucleate (unlike ‘ordinary cells’ which 
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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Figure 29 - Diagram showing aerobic and anaerobic respiration 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 O2 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 O2 and we begins to breathe faster and deeper to take in the oxygen and get rid of 
the CO2. 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 ‘learned’ capability of ‘fit’ muscle to be able to produce more energy  than unfit (see the 
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 – like on a 
cold day when we need to move around to ‘get warm’  (Inuit can use about 6000 calories a 
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 – 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 

Isometric – 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. 

 
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 it like a ‘wave’ and this 
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.  

Figure 31 - Smooth muscle, also with neurons 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 

 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. 

 Dystrophy 

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 – 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 

 
Figure 32 - Classification of nervous system 

 

There are a number of ways the nervous system is classified: 

1. Somatic and autonomic – somatic supplies the muscles of the body; autonomic 

supplies the viscera e.g. heart, gut etc. 
2. Sensory and motor – sensory is to do with ‘feel’; motor is to do with ‘action’ 
3. Central and peripheral - central is everything inside the brain and spinal cord; 

peripheral is everything outside the brain and spinal cord 

 
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): 

 A nerve cell body 

 Dendrons and dendrites - the receiving processes. They take impulses towards the 

cell body (sensory) 

 The axon - the transmitting process. It takes impulse away  from  the cell body 

(motor) 

Hence: 

 A nerve fibre  is any one of those processes (towards or away) 

 A nerve  is seen anatomically as a single unit but consists of  hundreds of  nerve 

fibres,  both sensory and motor (some myelinated, some not – see later) 

Also: 

 A ganglion (pleural - ganglia) is a collection of nerve cell bodies outside the brain 

and spinal cord 

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

spinal cord 

 

Types of neurons 

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. 

 

 
To see how neurons etc. function, see 
the The Nervous System section 

 

Figure 35 - Different types of neurons 

Figure 34 - A typical neuron 
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Nerve impulses 

All neurons are ‘excitable’  because they can be stimulated and are able to propagate 
electrical impulses from one point to another along the nerve fibre. There are two types of 
‘potential’ within nervous tissue:  

 The resting potential– 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 it is     -30mv. At resting potential it is  ready 
is transmit an impulse, which is: 

 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 diffusion gradients across the neuron’s membrane and taking their 
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. 

 

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. 
 

 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 the fibre. This causes ‘voltage gated’ (i.e.  electrically 
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 

Figure 36 - Sodium potassium ATPase pump 
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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.  

 
Figure 37 - Action potential and the changes in sodium-potassium concentration 

 Following this, ‘voltage gated’ potassium channels open and potassium flows out of 

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 
of hyperpolarisation  (just before ‘normal polarisation is re-established) and non-
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. 

 
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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 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. 

 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: 

 The diameter of the nerve fibre – the bigger the diameter, the faster it flows. 

 Whether or not the fibre is myelinated; if they are myelinated, the speed of the 

impulse is faster 

 The temperature – the colder it is, 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.  

 
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 
‘insulation’  along 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. Here, the impulse doesn’t ‘flow’ along the nerve fibres, but jumps from node to 
node; this being known as saltatory (leaping) conduction. This greatly affects the speed of 
the action potential along the nerve fibre: 

 About 0.5 metres per second for non-myelinated fibres 

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

Even though non-myelinated nerve fibres don’t have the Schwann cell wrapped around 
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. 

 
Figure 40 - Diagram showing an action potential in myelinated and non-myelinated nerves 

 

Synapses 
When a nerve reaches its target tissue (be it e.g. a muscle or gland), it doesn’t touch it, but 
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: 

 The end of the nerve fibre,  

 The target tissue and  

 The gap – the synaptic cleft. 

A sequence of events occurs here: 

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

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

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

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

synaptic sites) 

The effects of neurotransmitter release: 

 

 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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 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 in the CNS) and it is the ‘balance’ of the two 
that results in the effect. 

Neurotransmitters:  

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

 Acetylcholine is release at muscle end plates, at autonomic ganglia and 

parasympathetic post-ganglionic nerve endings 

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

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

 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 is not removed, it effectively ‘blocks’ the receptor site and the next lot of 
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: 

 All nervous tissue is excitable has the ability to respond to stimulus, creating an  

 Excitation  creating a nerve impulse, or an action potential 
o This excitation is electrical in nature 
o 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 

 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. 

 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 

 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 

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

 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 

 
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 

 
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. 
Caudal– towards the  tail. 
Pedad – towards  the feet, or lower than another structure. 
Posterior/dorsal - towards  the back. 
Anterior/ventral - towards  the front. 
Lateral– sideways, further from the sagittal plane. 
Medial– 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. 
Prone – 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 

 
Structure of bones 

 
The skeletal system consists of 206 bones, excluding the auditory bones in the ear (children 
have more – 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 

 Long e.g. femur, metacarpals 

 Short e.g. carpal and tarsal bones of wrist and foot 

 Irregular e.g. vertebra. 

 Flat  e.g. frontal bone, sternum 

 Sesamoid e.g. patella 

 

Development of Bone 

 
Bones start to develop in utero  and continue to do so up to the age of 25.  

 Long, short  and irregular  bones develop from cartilage,  

 Flat bones  from membranes, and  

 Sesamoid bones  (form within tendons)  from cartilage. 

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

Mucopolysaccharide matrix. This  gradually replaces the ‘parent’ tissue. Ossification  then 

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 Volkmann’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:  

 Compact, hard bone – 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 – 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. 

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

Figure 45 - Close-up of bone showing lacunae and canals 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section of Mature Lamellar bone 

 
Figure 46 - Section of Bone Showing Osteon and Canals  
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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: 

 
 

Figure 48 - Section of the head of the femur, showing the trabeculae and how they direct and distribute forces 
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. 
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Ossification 

There are two types of ossification: 

a)  Endochondral – or intracartilaginous, from a cartilaginous matrix model 

b)  Intramembranous – 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. Invasion of cartilage area by blood vessels 
2. Calcification and eventual death of cartilage 
3. Reabsorption of fragments of cartilage by phagocytic cells. Local production of 

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

 

Figure 49 - Ossification from a cartilaginous 
matrix 
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Bone growth 

 
This takes place in two areas: 

 At the ends of (e.g.) long bones (epiphysis) , from activity in the epiphyseal disc 

 Increase in circumference from activity of the inner, osteogenic, layer of the 

periosteum of the diaphysis 

 
Figure 50 - Bone Growth at the End of Long Bones 

 

 

Cartilage 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 where there isn’t a cartilaginous model beforehand e.g. the bones of 
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 
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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: 

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

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

 The metaphysis (meta=between) – the region in a mature bone where the epiphysis 

joins the diaphysis 

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

 The periosteum  - the dense sheath of irregular connective tissue that wraps around 

the one where it isn’t covered with hyaline cartilage 

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

 The endosteum (endo=within) – a thin layer of cells that line the marrow cavity. It 

contains  single layer of osteoblasts  

 
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. 

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

It often happens post- menopause or can happen in female athlete’s who’s hormonal 
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: 

 Simple  (a clean break),  

 Comminuted  (several 

fractures in the same region),  

 Compound  (protrudes from 

the skin)  

 Green-stick  (more frequent in 

the softer immature bones and 
like the break of a green twig). 

 Stress (repetitive activity 

producing healing e.g. 
metatarsals) 

 

 

Ricke t ts  

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 52 - Bone: normal compared with osteoporotic 

Figure 54 - Ricketts 

Figure 53 - Common types of fracture 
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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 ‘sunrise’ 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 
body. The most basic premise here is that all joints move; hence movement is the function of 
any joint. 

Bones are connected to one another by  ligaments.  These are strong inelastic fibrous bands 
of tissue. These pass from bone to bone stabilise joints; limiting their movement. 

Types of Joints 

Fibrous  Joints 

Indiscernible (not obvious) movement e.g. the 
skull sutures and the joints between the teeth and 
jaw, ribs and costal cartilages, lower ends of tibia 
and fibula (slight movement possible).  

 

 

Cartilaginous Joints   
Cartilaginous joints  are defined 
as ‘slightly movable' joints. They 
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. 
 

  

Figure 58 - Cartilaginous joints - primary and secondary 

Figure 57 - Fibrous joints 
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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 – 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 –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]. 

 
Figure 59 - Synovial joint  
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Classification of Synovial joints 

 
Types of Synovial Joints 

1. Gliding – 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. Pivot – allows rotation movement; e.g. between atlas and axis at top of neck, 

proximal and distal ends of radius and ulna. 
3. Ball and socket – 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 – 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. Saddle – Two reciprocally concave surfaces, allowing two planes of movement, 
excluding rotation; e.g. sternoclavicular, base of first metacarpal and trapezium in 
wrist. 

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

 

   

Figure 60 - Synovial Joints 
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Disorders of synovial joints  

 
Rheumatism – infers any painful condition affecting 

the supporting structures of the body-bones, joints, 
tendons, ligaments etc. that is not caused by injury 

Rheumatoid arthritis – an autoimmune disease 

affecting the joint cartilage and linings  

 

 

 
Figure 61 - Deformity of hand with Rheumatoid Arthritis 

Osteoarthritis–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 – 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. 

Sprains –are forced twisting or wrenching of a joint (but not a 

dislocation) affecting the ligaments 

Strains – this are similar injuries, but affecting the muscles 

The Muscular System 

 
Muscles  

 
We tend to see muscle as just meat, but muscle  is a specific type of tissue. It  has the 
qualities of being excitable  (can be stimulated and can contract) and of having an elastic 
quality (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.  

 There  are  collections  of these muscle fibres (myofibrils) running parallel with each 
other and are  w r ap pe d  u p  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).  

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

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

 
 

Skeletal muscles are usually defined in terms of: 

 Origin – where it comes from 

 Insertion – where it goes to 

 Action – what movement occurs (usually moving insertion towards origin) 

 Nerve supply – the name and root value of the nerve supplying it. 

Figure 63 - Gout, showing tophi 
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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: 

 Extensor 

 Flexor 

 Adductor  

 Abductor 

 Supinator 

 Pronator 

 Rotator 

 Sphincter 

Disorders and dysfunctions 

 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  c ross 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 

 

 

 
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) 

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 O2; it is an anaerobic  metabolic process.  

Cellular respiration  requires oxygen – 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 this it will be  ‘shifted  sideways’ and made into lactic acid 

 
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 ‘facility’ for aerobic 
respiration; it must  a  have blood supply, it must  have oxygen.  If it doesn’t get it, it dies; 
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 
bones ‘hanging off’ the front of them 

 
The vault bones 

 Frontal 

 Parietals 

 Occiput 

 Temporals 

 Sphenoid  

 Ethmoid  

 

The facial bones 

 Maxillae 

 Palatines 

 Vomer 

 Zygomae 

 Nasals 

 Chonchae (turbinators) 

 Mandible  

 

 

 

Bones of the vertebral column – axial skeleton 

 7 cervical vertebrae 

 12 thoracic  vertebrae 

 5 lumbar  vertebrae 

 5 (fused) sacral  vertebrae 

 3 coccygeal  vertebrae 

Bones of  t h e  spine 

The bones are numbered from the top down, as per the region of the 
spine in which they occur (e.g. Cervical 2 = C2; the second bone down 
in the neck) 

  
Ligaments  of the Spine 

  Anterior longitudinal ligament  
o  Runs the whole length of the spine on the anterior aspect 

of the vertebrae and discs; it stabilises the front of the spine 

 Posterior longitudinal ligament  

o Runs the whole length of the spine on the posterior aspect of the vertebrae 
and discs; it stabilises the back of the spine. 

 Interspinous ligaments 

Figure 65 - Bones of the head 
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o Between the TPs of the  vertebrae; it stabilises the spine in flexion 

 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 

 Ligamentum nuchae 

o This is a strong fibrous structure between the occiput  and C7, joining all the 
TPs.  

 Thoracolumbar fascia 

o 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  

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 67 - Ligaments of the spine 

Figure 66 - Ligamentum nuchae and thoracolumbar fascia 
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The common factors all vertebrae share are: 

 Vertebral body 

 Pedicles 

 Laminae 

 Transverse processes 

 Spinous processes 

 Superior and inferior articular 
processes and facets 

 

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 
rings of fibrous tissue (annulus 
fibrosus) with a gelatinous, almost 
liquid, centre (nucleus pulposus). This 
arrangement allows the structure to 
bear weight and allow movement (like 
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 
facet joints are relatively horizontal, 
allowing lots of rotation, whereas in the 
lumbar spine, they are in the sagittal 

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 

 

 

 

Figure 69 - Cross-section of spine showing disc 

Figure 68 - Typical vertebra 
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There are natural curves in the 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.  

  
 

 

 

 

 

 

 

 

 

 

Any curvature to the side is known as a scoliosis.  

 
There are two types: 

 Organic – this occurs during the person’s growth years, 

when the spine grew like it. This type is irreversible. 

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

 

 

 

 

Figure 71 - Pelvic girdle 

Figure 70 - Normal curves of spine 

Figure 72 - Organic scoliosis 



 

 

Compiled by Laurence Hattersley 2016 

53 

 

Prolapsed intervertebral disc (slipped disc) 

This is a frequently used diagnosis with a lot of people with a bad back, however it is rarely 
the cause of most back problems. 

This show a schematic and an MRI of 
disc lesions. The nucleus pulposus of 
the  disc  breaks through the annular 
rings  and begins to press on the 
annulus fibrosus (the outermost layer). 
The annulus is the first pain sensitive 
structure it encounters, so it is only then 
that the person suffers pain. If it pushes 
out further than this, it can press on 
other structures, like nerve roots, 
precipitating neurological symptoms 
along the course of the nerve; where the 
symptoms are depending upon where 
the level of the prolapse. 
     

Figure 73 - Prolapsed Intervertebral Disc 

    

 

 

 

 

 

 

 

 

 

 

Crush fracture in the thoracic spine, creating a wedge shape (and a flexion deformity) 
 

  
   
   
 
 
 
 
 Figure 75 - Crush Fractures in Spine 

 

 

 
  

Figure 74 - Diagram and MRI of a prolapsed disc 



 

 

Compiled by Laurence Hattersley 2016 

54 

 

Abdominal muscles 

 
Figure 76 - Abdominal muscles 

 
 
 

 

 

 

 

 

 

 

 

 

  

 
External oblique 
 
Internal oblique 
 
 
Transversus 

Abdominis 
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Muscles of the Spine 

These muscles are essentially arranged in three groups, with a covering layer 

 Covering layer 

 Vertical muscles 

 Oblique muscles 

 Deepest muscles 
 

Groups Cervical Thoracic Lumbar 

Flexors Sternocleidomastoid 
Longus Colli 
Longus Capitis 
Suboccipitals 

Rectus Abdominis Psoas 
Rectus Abdominis 

Extensors Splenius Capitis 
Splenius Cervicis 
Spinalis Capitis 
Suboccipitals  

Iliocostalis 
Longissimus 
Spinalis 

Iliocostalis  
Longissimus 
Spinalis 

Side-bend Sternocleidomastoid  
Iliocostalis  
Longissimus 
Spinalis  

Iliocostalis 
Longissimus 
Spinalis 

Iliocostalis 
Longissimus 
Spinalis 
 

Rotator 
Ipsilateral 

Splenius 
Suboccipitals 

Semispinalis 
  

Semispinalis  

Rotator 
Contralateral 

Sternocleidomastoid  
Semispinalis  

Multifidus 
Rotatores   

Multifidus  
Rotatores  

 
 
Covering muscles       

 

  

Figure 77 - Splenius capitis 

Figure 78 - Splenius cervicis 
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Vertical Muscles 

Their function to hold the spine vertical, extend and side bend the spine to the side 
Here there are three groups.  
From medial to lateral: 

 Spinalis 

 Longissimus 

 Iliocostalis 

 

                    Figure 81 - Spinalis 

   

Figure 80 - Longissimus Figure 79 - Iliocostalis 
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Obliques 

 
These are deeper to the vertical muscles. They are fairly short, mainly passing up only one 
or two vertebrae from the transverse process to the spinous process. 
These rotate the spine, usually to the opposite (contralateral) side  

There are three groups: 

 Semispinalis 

 Multifidus 

 Rotatores 

 

 

 
 
 
 
 
 
  

Figure 83 - Multifidus Figure 84 - Semispinalis 
Figure 82 - Rotatores 



 

 

Compiled by Laurence Hattersley 2016 

58 

 

Deepest Muscles 

 
These are deep beneath all the other muscles. They are tiny muscles, passing just from one 
bone to the next bone. They are only found in the cervical and lumbar spines, (with a little 
overlap). Their main function is to extend and side bend the spine. If they are all tight, 
though, it creates a compression along the axis of the spine and certainly contributes to 
'wear and tear' through compression of the disc.  
 
There are two basic groups:  
 

• Interspinales - pass between the spinous processes 
• Intertransversarii - pass between the transverse processes 

 
   

Figure 88 - Deepest 
muscles of neck 

Figure 85 - Interspinales 

Figure 86 - Intertransversarii 

Figure 87 - Oblique and 

deepest muscles in lumbar 
spine 
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The Thoracic Cage 

This consists of 12 thoracic vertebrae and 12 pairs of ribs 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 89 - Thoracic Cage and Ribs 
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Muscles of Respiration 

   
 

Figure 90 - Muscles of Respiration 
 

Appendicular skeleton 

Shoulder 

The word ‘shoulder’ is vague; as the name suggests, the shoulder girdle passes around the 
top of the thorax, but if asked to point to it, there can be wide variation of opinion. It forms an 
origin for the arm; but on this point, the only real bony attached for the arm on the thorax is 
via the clavicle, the rest are purely muscular. 

 
Bones:  

 Humerus 

 Scapula 

 Clavicle Joints: 

 

The Joints 

The glenohumeral joint 

It is between the head of the humerus and the glenoid fossa of the scapula; it consists of a 
large ball sitting in a small socket. There are few ligaments here, per se, and the joint is 
stabilised mainly by muscles. 

The acromioclavicular joint  

Ii is between acromion of the scapula and the lateral end of the clavicle. Here the lateral end 
of the clavicle is stabilised (held down) by ligaments between it and the scapula. There is 
also a bursa here between the acromion and the muscle supraspinatus  

 

 

The sternoclavicular joint 

It is between the medial end of the clavicle and the manubrium of the sternum. They are two 
main ligaments here: the supraclavicular ligament, running between the two clavicles across 
the top of the sternum, and a ligament under it down to the first rib; these both stabilise the 
medial end of the clavicle  
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Figure 91 - Bones of Shoulder Girdle 
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Muscles of the shoulder: 

These are numerous and complex yet, as I said, they provide the primary stability in the 
shoulder region. They can be learned anatomically and functionally. 

Anatomically: 

There are 4 groups: 

 Rotator cuff  muscles 

 Muscles from the scapula to the trunk 

 Muscles from the scapula to the Humerus 

 Long muscles  

Rotator Cuff Muscles:  

 
Figure 92 – Rotator Cuff muscles 

These all pass from the scapula to the top of the humerus; they form a cuff around the joint 
(hence their name) and provide the main stability for the glenohumeral joint. They have 
individual actions, but collectively it is one of stability  

 Supraspinatus- Acts to abduct the arm and prevent it dislocating inferiorly the 

humerus; it acts to externally rotate the humerus 

 Infraspinatus - Acts to externally rotate the humerus 

 Teres Minor - Acts to medially rotate the humerus 

 Subscapularis - Acts to medially rotate the humerus 
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Muscles from the trunk to the scapula (periscapular) these move the scapula on the 

trunk. 

 

Figure 93 - Muscles from trunk to scapula 

 

Muscles from scapula to arm 

a) Coracobrachialis: From the coracoid process of the scapula to the front of the humerus; 

it acts to flex the glenohumeral joint. 

b) Teres Major: From the lateral edge of the scapula, it passes forward to the front of the 
humerus; it is a powerful adductor, extensor and medial rotator of the glenohumeral joint 

c)  Long head of triceps: from top lateral border of scapular to olecranon of ulna 
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Figure 94 - Muscles from Scapula to Arm 

Long muscles 

 

Figure 95 - Shoulder: Long Muscles 

a) Pectoralis Major: From the medial half of the clavicle, sternum and 6th rib, across to 
the front of the humerus; it accts to adduct, flex and medially rotate the glenohumeral 
joint. 

b) Deltoid:  Lateral third of the clavicle, the acromion, and lateral half of the spine of the 

scapula; these three head converge on the deltoid tuberosity, about half way down 
the lateral edge of the humerus; It acts to flex, extend and abduct the glenohumeral 
joint. 

c) Latissimus dorsi:  From the iliac crest of the pelvis, all the SPs up to T8; it acts to 
adduct, extend and medially rotate the glenohumeral joint 
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Anatomical Groups 

Muscle Group  Name Actions 

Rotator cuff muscles: 

All act on glenohumeral joint 

Supraspinatus  Abducts  

 Infraspinatus Lateral rotation 

 Teres minor Lateral rotation 

 Subscapularis  Medial rotation 

From Trunk to scapula 

All move scapula on trunk 

Levator scapulae Elevates scapula and rotates 
it laterally  

 Rhomboids (major and 
minor) 

Retracts and elevates 
scapula 

 Pectoralis minor Depresses scapula 

Elevates ribs 3-5 

 Serratus anterior Protracts scapula 

 Trapezius  Elevates, retracts, 
depresses, medially rotates 

From scapula to humerus 

All move glenohumeral joint  

Coracobrachialis  Flexes 

 Teres major Adducts, extends, medially 
rotates 

 Biceps - Short and 
long head 

Flexes 

 Triceps  Extends  

Long muscles 

All act on glenohumeral 

Pectoralis major Flexes and adducts 

 Latissimus dorsi Adducts, extends, medially 
rotates 

 Deltoid  Abducts, flexes extends 

Functional muscle Groups of the shoulder 
 

Flexors Extensors  

Coracobrachialis  Deltoid, posterior 

Deltoid , anterior Teres major 

Biceps, short and 
long heads 

Latissimus dorsi 

 Triceps  

Abduction  Adduction  

Supraspinatus  Teres major 

Deltoid  Latissimus dorsi 

 Pectoralis major 

Medial rotation Lateral rotation 

Subscapularis  Infraspinatus 

Teres major Teres minor 

Latissimus dorsi  

Protractors  Retractors  

Serratus anterior Trapezius (medial 
fibres) 

Pectoralis major Rhomboids  
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Elevators  Depressors  

Trapezius (upper 
fibres) 

Trapezius (lower 
fibres) 

Levator scapulae Pectoralis major 
(lower fibres) 

Rhomboids Latissimus dorsi 

 

Problems affecting the shoulder region: 

 Frozen shoulder: manifests as gross stiffness and immobility, frequently with lots of 
pain. Person cannot abduct (lift) or extend arm 

 Dislocations:  can occur at any of the three joints, but usually the glenohumeral joint 

 Fractures:  usually of the clavicle; they never set in a straight line 

 Osteoarthritis: usually at A/C joint 

For more details of problems affecting shoulder: 
http://www.anatomy4beginners.com/physical-therapy.php  

 

The Upper Extremity 

Bones: Humerus, Ulna, Radius, 8 carpal bones, 5 metacarpal, bones, 14 phalanges. 

Joints 
 

Elbow: There are effectively three joints in the elbow  joint; it being stabilised primarily by 

bony configuration (Fig 56)  the humerus ‘fitting’ into the ulna. 

Bones– Humerus, ulna, radius 

Joints– There are three: 

a) Humeroulnar – between the Trochlear (humerus) and ulna 
b) Humeroradial – between the capitulum and radius 
c) Radioulnar – between the proximal heads of radius and ulna 

 
The first two constitute the hinge of the elbow, allowing flexion and extension.  

The radioulnar is a pivot  joint allowing rotation – supination and pronation of the hand 

Figure 96 - Elbow joint 

http://www.anatomy4beginners.com/physical-therapy.php
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Ligaments: 

 Collateral  

 Annular (around the radial head, to allow rotation) 

 
Muscles moving the elbow: 

Flexors: 

 Biceps brachii: It has two heads from the scapula, both passing down to the radius 
and the deep fascia of the forearm; it flexes the elbow 

 Brachialis: From the lower half of the humerus to the ulna; it acts to flex the elbow 

 Brachioradialis: from the inferior lateral edge of the humerus, down to the styloid 

process at the distal end of the radius; it flexes the elbow 

 Pronator teres: from the medial epicondyle of the humerus, it passes across to the 

radius; it flexes and pronates the elbow. 

Figure 97 - Elbow Flexors 

Extensors: 

Triceps:  This arises from three heads, two from the humerus (medial and lateral heads) and 
one from the top lateral edge of the scapula (long head), they all converge on to one tendon 
attaching to the olecranon of the ulna; it extends the elbow. 

Supinators: 

Supinator: Arises from the lateral epicondyle of humerus (CEO), passing across to the 

lateral edge of the radius; it supinates (turns the palm up) 

Biceps brachii: see above; it also acts to supinate the forearm  

 
 

Pronators: 

Pronator teres: Arises from the medial epicondyle (CFO) and passes across to the lateral 
edge of the radius; it pronates the forearm (turns the palm down), it also flexes the elbow. 

Pronator quadratus: this is at the distal end of the forearm, it arises from the ulna and 

passes across to the radius; it pronates the forearm.    
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Wrist 

This is really a complex of joints between the forearm and the hand.  

 
Bones 

It encompasses the distal radius  (mainly) and ulna, the eight bones of the carpus  (wrist) and 
the proximal ends of the metacarpals.  

 

  
Figure 98 - Bones of Hand and Wrist 

Bones of the wrist: It consists of two rows; proximal and distal  

 Proximal:  
o scaphoid, lunate, triqetral, pisiform 

 Distal:  
o hamate, capitate, trapezoid, 

trapezium 

(Starting laterally at the styloid process of 
the radius, moving medially; and then 
laterally again across the distal row. 
Remembering the bones in order is quite 
taxing, so make up a sentence of the initial 
letters; e.g.  Suzie longs to pee, her corset’s 
too tight)     

There are two main bony prominences on 
the anterior side of the wrist for a particular 
fascial attachment; this is the flexor 

retinaculum. It stretches across the front of 
the wrist and forms the roof of  the carpal 
tunnel through which passes all the long flexor tendons, vessels and nerves passing into the 
palmer side of the hand.  

Figure 99 - Carpal tunnel 
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Muscles of forearm 

The muscles that move the fingers also move the wrist and are arranged in layers, so they 
will be dealt with collectively:  

 Anterior groups 
o 3 layers: superficial, intermediate and deep (all flexors) 

 Posterior group 
o 2 layers; superficial and deep (all extensors) 

 
Anterior groups: 

Superficial:  

 Flexors carpi ulnaris:  

o arises from the CFO, down to the medial side of the wrist 

 Flexor carpi radialis:  

o arises from the CFO, down to the lateral side of the wrist  

 Palmaris longus:  

o Arises from the CFO, down to the fascia of the palm 

These collectively flex wrist (only). 

Intermediate: 

 Flexor digitorum superficialis: 

o from the CFO, down to  the distal phalanx; flexes whole finger from PIJ 

 Flexor digitorum profundus;  

o from the CFO down to the middle phalanx; flexes fingers at DIJ 

 Flexor pollicis longus:  

o from the radius, down to the distal phalanx of the thumb (only flexes thumb) 

 
 

Figure 100 - Wrist - Anterior Group - Flexors 

 

Extensor groups: (all posterior) 

Deep 

 Extensor indicis:  

o distal part of ulna down to distal phalanx of index finger; it points index finger 
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 Extensor pollicis longus:  

o from middle part of ulna to distal phalanx of thumb; extends thumb 

 Extensor pollicis brevis:  

o from ulna down to proximal phalanx of thumb 

 

Superficial: 

 Extensor digitorum: from the CEO down to the distal phalanx; it extends fingers 

 Extensor digiti minimi:  from the CEO down to the distal phalanx of the little finger; 

it extends the little finger (pinkie!)  

 Extensor carpi ulnaris: from CEO down to the medial side of the wrist; extends 

wrist 

 Extensor carpi radialis brevis: from CEO) down to lateral side of the wrist; extends 

wrist 

 Extensor carpi radialis longus: from CEO down to lateral side of wrist; extends 

wrist 

 Abductor pollicis longus: from radius down to the distal phalanx of thumb: extends 

thumb. 

 
Figure 101 - Wrist - Posterior Group - Extensors 
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The Hand 

The hand is unique, not only in that the fingers can flex allowing it to grasp, but the thumb 
has movement across  the palm, or opposition  

 
  

 
Figure 102 - Bones of hand 

 
  

Bones 

From the distal row of carpal bones are the 5 metacarpals, which are numbered 1 – 5; 1 
being on the thumb side.  

 
Muscles: 

These are collectively called the intrinsic muscles of the hand, of which there are three 
groups: 

 Thenar eminence: 
o Flexor pollicis brevis,  
o abductor pollicis,  
o Opponens pollicis. 

 

 Hypothenar eminence:  

o flexor digiti minimi,  
o abductor digiti minimi,  
o opponens digiti minimi (these move the thumb and little finger) 
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Figure 103 - Hand - Intrinsic Muscles 

 Muscles between the metacarpals: 

 Posterior interossei 

o abduct the fingers 

 Anterior interossei  

o adduct the fingers 

 Lumbricals 

o flexes the metacarpal-phalangeal joints of the fingers 

Problems affecting wrist and hands 

Sprain and strains – usually from trauma, RSI 

Rheumatoid arthritis – regarded as an autoimmune condition, pain and swelling affects the 

peripheral joints and is symmetrical (bilateral) 

 
 
   
  

 
 
 
 
 
 

 

Figure 104 - Rheumatoid arthritis 
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Carpal tunnel syndrome – a condition where the is a reduced space under the carpal 

tunnel causing pins and needles, or numbness, in the palm of the hand via irritation of  the 
median nerve (possibly from the neck and shoulder down) 

 
Trauma - causing fractures (e.g. Colles 
fracture) and dislocations  

 
Figure 105 - Colles Fracture 

 

 

 

 

 

 

 

 

Osteoarthritis 

Osteoarthritis is seen as 'wear and tear' and manifests as stiffness, pain and joint deformity 

 

 
Heberden’s nodes – bony changes at 

the DIJ from O/A 

 
Bouchard’s nodes – bony changes at 

PIJ from O/A 

 
Figure 106 - Heberden's Nodes and Bouchard's 

Nodes 

 
 
  

 
Gout – An inflammation and deformation caused by 
the deposition of sodium urate (from uric acid). 
Caused by a genetic fault in purine metabolism 
 

Figure 107 - Gout in Fingers 
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Lower Extremity 
Bones - Femur, Tibia, 8 tarsal bones, 5 metatarsal, 14 phalanges. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 108 - Hip and Knee 
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Hip 
 

 
Figure 109 - Hip and Pelvis 

The terms hip and pelvis are frequently used interchangeably, but strictly speaking, the 
pelvis is a girdle of bones and the hip is a joint.  The pelvis consists of the sacrum 
(effectively 5 vertebrae fused together) and two innominate bones.  The innominate started 
as three separate bones: the ilium  (at the top), the ischium (at the base), and the pubis (at 
the front); but the three grew and fused  together (this being a true example of fused bones 
between which no  movement occurs, unlike the cranial bones). 

Hip Joint: 
Bones:  innominate and femur  

Joint :  ball  and socket 
Ligaments :  three ligaments wrapping 

around hip, ligamentum teres (from the head 
of the femur) 

Movements – flexion/extension, 

adduction/abduction, rotation, circumduction. 

Here would be an excellent time to explain 
something mentioned earlier  in the structure 
of bones. The Haversian system are canals 
within the bony structure, however it is along 
this canals that the reinforcing ossification 

takes place taking the form of trabeculae 
(lines of force within the bone) 

 
Muscles of the hip: 

 Flexors: 
o Rectus femoris: from anterior ilium then down as part of quads 
o Sartorius: from ilium down and medial to medial side tibia  
o Psoas:  from T12 and the side of the whole lumbar spine (anterior to TPs, 

down to top of femur)  flexes spine and hip. 
o Iliacus : from iliac fossa, down to same insertion of Psoas; flexes hip   
o Tensor fascia lata  (TFL): From anterior gluteal fossa, down to ilial tibial tract 

(ITT). 
o Adductor Longus: from pubis down to medial femur 

 

 

 

Figure 110 - Hip Joint 



 

 

Compiled by Laurence Hattersley 2016 

76 

 

Muscles that flex the hip 

 

 
Figure 111 - Hip Flexors 

Extensors: 

 Hamstrings : from Ischium to top tibia 

 Gluteus maximus : iliac crest, sacro-iliac ligament, and sacrotuberous ligament, 

down and across to the top lateral edge of femur; extends and laterally rotates hip. 

 Adductor Magnus: inferior pubic rami and ischium, down to medial femur just above 

knee joint (and across to top of femur); it extends and adducts the thigh 
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Figure 112 - Gluteal Muscles and Deep Lateral Rotators 

Abductors: 

 Gluteus medius: (fig. 63): from gluteal fossa at the side, down to the top of the 
femur; it abducts and can medially rotate femur. It lies on top of: 

 Gluteus minimus: from gluteal fossa at side, down to top of femur; it abducts and 

medially rotates femur.  

Lateral rotators: 

 Gluteus maximus 

 Deep lateral rotators : piriformis, Obturator internus and externus, gemellus superior 

and inferior, and quadratus femoris.  

 
Medial rotators: 

 Gluteus medius and minimus, TFL  
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Adductors:  

 Pectineus,  

 Adductor:  

o Brevis 
o Longus 
o Magnus 
o Gracilis: from points on pubic bone, 

down across to femur (except for 
gracilis, which passes down to top of 
medial tibia)  

 
Figure 113 - Adductors Muscles 

 
Problems affecting hip 

 
Osteoarthritis: generally regarded as a ‘wear and 
tear’ problem. Pain controlled with drugs, else joint 
replaced  

  
                           Figure 114- Osteoarthritis of Hip 

 
 
 
 Fractures: frequently of femoral head (between ball and 
shaft of femur), repaired surgically with reinforcing bar, or 
joint replaced; usually in older people  
 

 

Figure 115 - Fracture of Neck of Femur   
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Slipped epiphysis: this only occurs in 

young, growing, people. The upper femoral 
epiphysis is a sheet of cartilage between the 
neck and the ball of the femur; it presents as 
a potential line of weakness. This weakness 
can manifest with the head of the femur 
slipping back and down; repaired surgically.  
Here it can be seen on the right of the 
picture  

                               Figure 116 - Slipped Epiphysis 
 

Congenital dislocation of the hip: abnormally 

shallow hip socket at birth with varying degrees of 
severity. This can cause mobility later in life if left 
undiagnosed.  

Treated by maintaining a forced abduction of the 
hips (via a brace) to ‘push’ the femoral head into 
the acetabulum and force it to deepen   
       

Figure 117 - Congenital Dislocation of the Hip 

Protrusio acetabuli: abnormally deep socket at birth. The deeper it is, the less bone 

between the hip socket and the pelvic cavity. It can result in fractures. Can require bone 
grafts or joint replacement.  

 

Figure 118  - Hip - normal and protrusio acetabuli 
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The Knee 

 
The knee is the most complicated joint in the body with very  bad conditions of work.  It is a 
joint that is stabilized mainly by ligaments 

 
Bones:  Femur, tibia, patella and fibula. Between these there are three joints. 

 
Joints:  

 Tibio-femoral: A condylar (functioning like a hinge) joint between the tibia and the 
femur; only flexion/extension. Any other movements here are effectively erroneous 
are from ligamentous laxity 

 Patello-femoral: a saddle joint between the deep side of the patella and the femur 
allowing mainly superior/inferior  

 Superior tibio-fibular: a gliding joint separate from the knee joint proper, it is 

situated inferior and lateral to it; allows mainly anterior/posterior shift gliding with 
some medial/lateral shift too. 

 
Ligaments: 

 Medial/lateral Collaterals  (i.e. outside the joint) 
 Anterior/posterior Cruciates  (i.e. inside the joint) 
 Patellar  (between the patella and the tibia) 

 
Movements of the knee:  

Flexion/extension; any other movement (rotation, medial/lateral gapping, A/P shift) is 
from ligamentous laxity, but normal. 

 
Menisci: these are semi-lunar shaped cartilaginous structures within the knee, between the 

femur and tibia; they are attached to the top of the tibia and have various functions: 

 assist stability 

 reduce wear 
and tear 

 distributes 
forces and 
fluids with the 
knee 

 
 Figure 119 - Knee - 

Showing Ligaments and 
Menisci 
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Bursae 

 
Bursae are cushioning pads with a synovial outer lining; they are positioned between 
tendons and tendons and bone to reduce friction. There are about 12 in the knee, 4 on the 
front and 8 around the back: 

Front: 

 Suprapatellar: between the inferior end of the quadriceps and the femur; it reduces 
friction between the two especially with extreme flexion. 

 Prepatellar:  At front of inferior end of patellar; it cushions the patella with kneeling 

on all fours. 

 Infrapatellar superficial and deep to inferior end of patellar ligament; reduces 

pressure on tibia with kneeling (prayer?) and with flexion. 

 

 
 

Figure 120 - Cross Section of Knee Showing Bursae 
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Muscles of the thigh 

Anterior thigh: 

 Quadriceps:  effectively one muscle group, but the 4 heads are so big they are all 

named individually: 
o Vastus Lateralis  (lateral aspect of femur) 
o Vastus Medialis  (medial aspect of femur) 
o Vastus intermedius  (anterior femur, between lateralis and medialis) 
o Rectus Femoris  (anterior inferior iliac spine of front of pelvis) 

 Insertion: These all attach (insert) onto the patella and from there to the tibia 

 

 
Figure 121 - Adductor Muscle Group of Hip 

 Action: They all extend (straighten) the knee; rectus femoris also flexes the hip. 

 

 
Sartorius:  

Sartorius passes from the anterior superior iliac spine to the top of the medial aspect of the 
tibia. 

Action: Flexes the knee (and externally rotates and flexes hip) 
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Posterior thigh: 

Hamstrings:  
 Semimembranosus: from ischium (of  innominate) to top, medial side tibia 
 Semitendinosus: from ischium to top medial side of tibia 
 Biceps Femoris: from ischium and linea aspera (line on back of femur;  to top of 

fibula 

Action: extends hip and flexes knee   

 
Figure 122 - Hamstring Group of Muscles 
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Common knee disorders: 

 Ligamentous strain 

 Muscle strain 

 Osgood Schlatter’s  

(only in growing 
children: excessive 
traction strain to 
epiphysis at insertion 
of quadriceps 
causing 
inflammation and 
pain).  
This X-Ray also 
shows the 
epiphyseal plate 
(indicating a young 
person, usually 
teenagers) and 
fragmentation of the 
tibial tubercle  at the 
attachment of the 
patellar ligament. 
 
 

Figure 123 - X-Ray Showing 

Osgood Schlatter's Disease of tibial 
tubercle 

 
 Bursitis: inflamed bursa; 
frequently from areas of increased, persistent tension in muscles (and hence tendons) 

 
Osteoarthritis – usually under the patella, but can be between femur and tibia. This X-ray 

shows bony changes and deformation characteristic of advanced O/A 

 
Figure 124 – Osteoarthritis of Knee showing bony changes 
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Lower leg and ankle 

Bones  

 Tibia and fibula. These are very strong and stable, 

having one joint at each end, a gliding joint at the 
top, and a fibrous joint at the bottom. The superior 
tibio-fibular joint  is regarded as part of the knee, but 
is distinct and separate from it. The inferior tibio-
fibular joint  (a syndesmosis) is robust to help 
maintain the stability of the ankle. The distal ends of 
the tibia and fibula have an ‘indent’, creating a 
mortise cavity for the talus of the foot. 
 

Muscles  

The fascial structure of the lower leg is thick and robust, 
creating three distinct compartments: posterior, anterior 
and lateral; this robustness will help with the flow of venous 
blood  up the leg (see later).     

 
Calf  

The bones of the lower leg are the tibia and fibula 

They have two joints between them: 

 A synovial joint (superior tibiofibular) at the top (part of the knee) 

 A fibrous joint (a syndesmosis) between  the two of  them along their length, from 
top to bottom. The latter creating the primary stability between the two just above the 
ankle where the talus has the possible action of pushing them apart 

 
Muscles: 

There are three distinct compartments 
Posterior compartment  [From superficial to deep]: 

 Gastrocnaemius: biggest and most obvious of all calf muscles. Passes down from 

the back of the two tibial condyles, the two heads converge and pass down to the 
calcaneum via the Achilles tendon; it plantar-flexes the foot    

 Soleus: from the back of the tibia and the interosseous (I/O) membrane, it passes 
down and merges with Gastrocnaemius at inserts via the Achilles tendon    

 Flexor digitorum longus: from the back of the tibia; it passes down to the distal 

phalanx of the toes; it flexes the toes and plantar flexes the foot 

 Flexor hallucis longus: from the back of the fibula, it passes down and across 
medially to the ankle to the big toe (hallux) 

 Tibialis posterior: from the I/O membrane, it passes down and crosses the medial 

ankle to attach to a number of bones of the foot it plantar flexes and inverts the foot.     

 Popliteus:  from the back of the tibia, passes up and across to the lateral side of the 
femur: it initiates flexion  of the knee  

Figure 125 - Tibia and fibula 
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 Plantaris: is a vestigial muscle from the back of the femur, it passes down and 

ultimately merges with the Achilles tendon; it flexes the knee and planter flexes the 
foot. 

 

Figure 126 - Posterior Compartment Muscles 

 

Anterior compartment 

  
Tibialis anterior : from anterior tibia and I/O membrane, passes down and medially 

across the front of the foot to the base of the first metatarsal; it dorsiflexes and inverts 
the foot. 

 Extensor digitorum longus: from anterior tibia and I/O membrane, it passes down 

to the distal phalanges; it extends the toes and dorsiflexes the foot. 

 Extensor hallucis longus: from the lower half of the I/O membrane, it passes down 
to the distal phalanx of the big toe; it extends the big toe and dorsiflexes the foot. 

 Peroneus tertius: from the lower  front of the fibula, it passes down to the base of 

the fifth metatarsal; it everts and dorsiflexes the foot  
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Lateral compartment: 

  
Peroneus longus : from the top outer edge of the fibula, it passes down, behind the 
lateral malleolus, to the base of the fifth metatarsal; it everts the foot  

 Peroneus brevis: from the lower half of the fibula, it passes down behind the lateral 

malleolus to the base of the fifth metatarsal; it everts the foot. 

   
 

Figure 127 - Anterior and Lateral Compartment Muscles
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Problems affecting the lower leg and ankle 

Sprains and strains 

Inversion – the commonest injury of the ankle; when the ankle is forced ‘inwards’, leading 

to a sprain of the lateral ligaments of the ankle  

Eversion – can be the cause of a Potts fracture 

 
Fractures  

Potts Fracture –an eversion injury of the ankle leading to 
a fracture of the fibula and/or tibia 

 
Figure 128 - Potts Fracture 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 129 - Achilles Tendinitis and Rupture 

 

Ruptured Achilles tendon - can 
occur from running and having 
forced dorsiflexion of the ankle 
along with contraction of the 
gastrocnaemuis 
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The Foot 

 
The foot is a complex of bones, joints, fascial 
structures and muscles that allow it to be stable, 
yet relatively mobile and springy. These structures 
create and maintain the arches, the collective 
function of which is to protect the vessels, nerves 
and muscles  on the planter (sole) aspect of the 
foot.  

 

 
 

Bones of the foot (from proximal to distal): 

Talus – the ‘tenon’ that fits in the mortise joint at 
the inferior end of the tibia and fibula  (a hinge  
joint).  

Calcaneum – the ‘heel’ bone, directly under the talus, navicular,  which articulates with the 
talus  (the joints talus, Calcaneum and navicular bones summate to a ball and socket joint, 
allowing circumduction  of the ankle).  

Three cuneiforms  directly distal to the navicular, the cuboid is lateral, and has an 
articulation with, the navicular and cuneiforms, also with the Calcaneum (a saddle and the 
4th and 5th metatarsals distal to it; and metatarsals 1 - 3articulating with the cuneiforms. Are 
the rest of the joints are gliding, except the metatarsal-phalangeal and toes, which are hinge  
joints. 

 
Ligaments: these are primarily medial and lateral across the ankle to stabilise the ankle in 

inversion and eversion.   

 
Movements – As the foot works at right angles to the leg, there is  no flexion/extension, per 

se;  these movements are called: 

 
Planter flexion: pushing the foot distally 

 Dorsiflexion:  pulling the foot up, proximally 

 Inversion: pulling the sole of the foot in medially (some books say supination) 

 Eversion: pulling the sole of the foot out laterally (pronation) 

 
 
The Arches  of the Foot 

 
There are three arches: 

Longitudinal - medial side 

Longitudinal – lateral side 

Transverse – across the foot 

 
Figure 131 - Arches of Foot 

 

 

 

 

Figure 130 - Foot bones 
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These arches are supported by 5 factors: 

1. Bony configuration (the bones form an 
arch) 

2. Ligaments holding the bones together 
3. Plantar fascia – a band of fascia from the 

heel to the complex at the base of the toes 
4. Long muscles (e.g. Tibialis anterior and 

posterior) 
5. Short muscles   

 
 

 
Problems affecting the ankles and feet: 

Inversion strains – ‘going over’ on your ankle 

 
Planter fasciitis – pain on the planter aspect of the 

foot, focussing at the heel 

 
Calcaneal spur – persistent tension in the 

posterior compartment can express itself in 
the plantar fascia. If this remains unresolved 
it can cause bony changes as a calcaneal 
spur; causing pain with weight-bearing. 

 
Figure 133 - Calcaneal Spur 

  
 
 

 
 
March fractures – a stress fracture of the 

metatarsals, possibly not seen on X-ray. 

Frequently they are only seen later after some 
healing and callous  formation have taken place 

 
   

Figure 134 - Stress (March) Fractures 

 

 

 

 

Bunions – a 

lateral 
deviation of the big toe possibly leading to 
deformation over/under the adjacent toes.  

 
Figure 135 - Bunions 

 

.  

Figure 132 - Plantar fascia 
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Pes planus  (flat feet)  
 

Figure 136 - Flat Feet - Pes Planus 

 
 
 

 
 
 
 
 
 
Pes cavus  (high arches)  

 

 
Figure 137 - High Arches - Pes Cavus 

 

 

 

 

 

Talipes Equinus – club foot, though there 

are several varieties 

 

 
  Figure 138 - Club Foot  
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The Nervous System 

 
This system can be divided into two: 

 The cerebrospinal (voluntary) nervous system. 

 The Autonomic (involuntary) nervous system. 

Or 

 Central- that inside the brain and spinal cord. 

 Peripheral- that outside the brain and the spinal cord. 

 
The functions of the nervous system are: 

1. Sensory- touch, taste, hearing, sight, smell. 
2. Integrative- recognizing it, making sense of it, coordination. 
3. Motor- capability of making action. 

 
The Neuron  is the basic unit of the nervous system.  

It consists of a nerve cell  and its processes (the axon and dendrites) 
 Axon :  which takes impulses away from the cell body. 
 Dendrite  (Gr. Dendron or “tree”), which are the receiving processes. 

 
A neuron  must not be  confused with a nerve, which  is a collection of nerve fibres, 
dendrites and axons together. 

 
All nerve fibres can look grey or white, depending on whether the fibre is myelinated or not: 

 If it is white, it does have a myelin sheath. 

 If it is grey, it doesn’t have a myelin sheath. 

 
Nerves carrying impulses towards  the brain or spinal cord are called afferent  (sensory) 

nerves. 

Nerves carrying impulses away  from the brain or spinal cord are called efferent  (motor).   

 
The Brain 

It is the centre of the nervous system. It is protected primarily by the skull, but also by the 
meninges : 

 Dura mater  (tough mother) – envelops the whole brain and spinal cord, It lies on and 
follows the anchoring it in the head and ending at S2 and essentially forms a tough, 
waterproof, bag in which the brain and spinal cord float.  

 Arachnoid mater  (spider mother) – follows inside of dura  and contains convolutions 
of the brain and spinal cord.  It carries blood vessels 

 Pia mater  (soft mother) – very  delicate. -collagen and elastic fibres  
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Figure 139 - Meninges around Brain and Spinal Cord 
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Between the arachnoid mater and pia mater is the subarachnoid space, where the cerebral 
spinal fluid circulates. 

Cerebrospinal Fluid 

The CNS is hollow and it  develops from an  embryological neural tube in which a cavity 
persists. The brain requires Cerebral Spinal Fluid  (CSF) (Fig 72 and 73) and this fluid is 
produced within the cavity. The place where the fluid is produced is the ventricles.  The CSF 
is secreted by the Choroid Plexus  which are situated along the whole length of the 
ventricles, but about 30% comes from the brain capillaries and seeps into the system by the 
extracellular fluid (i.e. it is not produced specifically as CSF, but becomes part of it).  The 
total volume of CSF is about 130ml, of which 30ml is in the ventricles and 100ml is in the 
subarachnoid system (75ml in the spinal part, 25ml in the cranial part). The total production 
is about 500ml per day. The CSF is reabsorbed  by the arachnoid villi; these are situated 
around the cerebrum and take the form of granulations; evaginations of the dura and 
arachnoid membranes into some, if not all, of the venous sinuses, where the CSF is 
returned to the blood circulation.  

 
Upledger  et al have put forward a ‘pressurestat mechanism’, where the choroid plexus 
produces CSF twice as fast as the arachnoid villi reabsorb it. This suggests a homeostatic 
mechanism, where the body ‘knows’ how much CSF and its pressure there should be there, 
and oscillates around an average volume. Hence, the choroid plexus produces the CSF up 
to a certain pressure, when production is ‘turned off’, and arachnoid reabsorption is on a 
continual basis.  

Upledger has also described a ‘telegraph system’ in the monkey, where a single axon has 
been traced from the sagittal suture through the meningeal membranes to the third ventricle. 
A ‘ball-valve mechanism’ has been described in Gray’s Anatomy (38th edition) where an 
arachnoid granulation body projects into the floor of the sinus, having a junction with the 
Great Cerebral Vein; if the arachnoid body contains a plexus of blood vessels which may 
become engorged and thus act like a ‘ball valve’, acting back on the choroid plexus.  The 
pressure stat model of cranial movement is generally supported as compared to a contractile 
mechanism of the brain, which was once considered.  

The function of CSF is to provide a buffer for the brain and spinal cord. The brain is  

essentially fat (in the cell membranes) and water, these making it very heavy – outside the 
skull; however, the presence of the CSF creates a fluid environment in which the ‘fluid’ 
environment of the brain can ‘float’, thus reducing the 1500g weight of the brain to 50g. It 
also creates an important pathway for the removal of brain metabolites (there is a blood-
brain barrier but no brain-CSF barrier).  

 
Ventricles 

These are spaces within the brain and are filled with cerebral spinal fluid (Fig.137).  These 
are two lateral ventricles passing down into the 3rd, thence to a 4th and then into the spinal 
cord and over the outside of the brain the pia and arachnoid mater. 

 



 

 

Compiled by Laurence Hattersley 2016 

95 

 

 

 
Figure 140 - CSF in ventricles of brain 

 
Figure 141 - CSF in subarachnoid space 

 
  

The brain basically consists of three parts: 

 Cerebrum 

 Cerebellum 

 Brain stem 

Cerebrum 

 
The cerebrum consists of two symmetrical hemispheres and forms the bulk of the brain. It 
consists of a surface layer of cortex (grey matter) with white matter underneath. During foetal 
growth, the grey matter grows faster than the white and folds over upon itself: 
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 Deep grooves (fissures) 
 Shallow grooves (sulcus, or sulci) 
 Folds (gyrus, or gyri) 

 
Figure 142 - Views of the Brain from the Side and the Top 

The two cerebral hemispheres are connected, left and right, by the corpus collosum 

 

 
Figure 143 - Corpus collosum 
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The functions of the cerebrum are: 

 Origin  of voluntary movement (motor) 

 Receiving  and interpreting  information (sensory) 

 The seat of higher functions: senses, memory, reasoning, intelligence, moral sense. 

 Figure 144 - Functional Areas of the Brain 

 

Cerebellum (little brain) 

It is behind and below the cerebrum. Also it has grey over white mater. Its  function is 
coordination and balance. 

 
Brain stem 

 
It is at the base of the brain. It forms a connection with the spinal cord and  between the left 
and right brain. It has three parts: 

 Mid brain – has motor centres  

from the cerebellum to the spinal 
cord and sensory fibres from the 
medulla to the thalamus. 

 Pons – (bridge) links left & right 

brain; it  has some motor centres  
for cranial nerves V, VI, VII, and 
VIII, and has ascending and 
descending pathways. 

 Medulla oblongata – conducts 
motor impulses, centres for heart, 

breathing, blood pressure etc. 

 
In addition to these, much of the brain stem consists of clusters of grey matter, intermingled 
with small bundles of white matter, called the reticular formation. Part of this is called the 
reticular activating system  (RAS), consisting of sensory fibres up to the cerebral cortex. 

Figure 145 - Brain - showing brain stem 
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When the RAS is stimulated, many impulses affect a widespread area of the cortex, 
resulting in wakefulness, or consciousness. Inactivation results in sleep. 

On top of the brain stem is the Diencephalon: The Thalamus and the hypothalamus  

 

The Thalamus (inner chamber) 

The thalamus consists of several paired masses of grey matter within white, the nuclei being 
important relay stations for sensory impulses. It also plays an important role in the 
acquisition of knowledge, or cognition  (cogni – to get to know). It also contributes to motor 
functions through transmitting information from the cerebellum and basal nuclei to the 
cerebral cortex;  hence it is very important in coordination.  

 
The Hypothalamus 

The hypothalamus (hypo-under) (Fig 146) lies under the thalamus and over the pituitary.  

Even though it is small, it controls many important bodily functions, many related to 
homeostasis. It main functions are: 

1. Control of the autonomic nervous system (ANS). It regulates contraction of smooth 
and cardiac muscle and the secretions of many glands. Through the ANS it regulates 
heart rate, the movement of food through the 
gut and contraction of the urinary bladder. 

2. Control of the pituitary gland. It controls the 
release of hormones from the pituitary gland 
and 
serves as 
a connection between the nervous and 
endocrine systems. 

3. Regulation of emotional and behavioural 
patterns. Together with the limbic system, it 
regulates feeling of rage, aggression, pain and 
pleasure, and behavioural patterns related to 
sexual arousal.  

4. Regulation of eating and drinking. It regulates 
eating and has a thirst  centre 

5. Control of body temperature.  
6. Regulation of circadian rhythms and states of 

consciousness, i.e. wakefulness and our daily schedules 

     

Pituitary gland 

This is covered in the endocrine  system.  

 

The Spinal Cord  

The spinal cord in an adult begins at  the brain stem and ends at the  level of L1. Below this, 
in the spinal canal, there are only nerves- known as the cauda equina  (horse’s tail). These 
extend down from the spinal cord, down to their individual level of exit from the spinal canal. 
There are two regions where the spinal cord is somewhat wider: in the cervical and lumbar 
spines; these being called the cervical and lumbar expansions. It is such because of the 
increased demand upon those areas and the numbers of nerves exiting and entering at 
those levels. 

 
 

 

Figure 146 - Thalamus and hypothalamus 

Figure 147 - Thalamus and hypothalamus 
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There are afferent (sensory) and efferent (motor) roots passing in and out at every level of 
the spine (except above C1 in the cervical spine which is only a motor nerve): 

 
Anterior  roots (ventral) carry motor fibres (efferent) 

Posterior  roots (dorsal) carry sensory fibres (afferent) 

Figure 148 - Section through the spinal cord 

Figure 149 - Spinal cord 
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All the spinal nerves emerge through the intervertebral foraminae (the holes between the 
vertebrae), as a mixed nerve (it contains both sensory and motor roots). Up to their point of 
exit, the nerve roots are covered in dura mater, but this continues as Perineurium. A short 
distance after leaving the intervertebral foramina, the spinal nerve divides into several 
branches. Frequently they form networks by joining with axons from adjacent nerves, 
forming a plexus, e.g. the cervical plexus is formed by cervical roots C4 – T1 and supply  the 
arm and L2 – S3 supply the leg (see below). 

 

Spinal nerves : ( i.e. peripheral nerves)  

There are 31 pairs: 

 8 cervical (even with 7 vertebrae) 

 12 thoracic 

 5 lumbar 

 5 sacral 

 1 coccygeal 

 
These nerves supply sensory  to skin, muscle and joints and motor to the skeletal muscles. 

The arm has 4 main nerves supplying it:  
 Musculocutaneous – flexors to elbow 
 Median – flexors to fingers and Thenar eminence  
 Radial - extensors to elbow, extensors to finger 
 Ulnar – medial wrist flexors and extensors, hypothenar eminence  

The leg has 3 main trunks: Femoral, Obturator, Sciatic 

 Femoral– knee extensors (quadriceps) 

 Obturator – thigh adductor group 

 Sciatic – knee flexors and all groups below the knee 
 

Reflexes 

Reflexes are fast  (usually), automatic, 
predictable  responses to changes in the  

environment  (Fig 149)  A stimulus i.e. one 
which passes up the sensory (afferent, 
posterior, dorsal) nerve to the spinal cord, 
synapses with a motor neuron,  causing 
the muscle to contract, e.g. tapping the 
patellar tendon stretches the quadriceps 
muscle. This will result in the quadriceps 
contracting. This would be a monosynaptic 
reflex, a simple reflex arc. They can be 
more than complex e.g. putting your hand 
in a flame – taking the hand out requires a 
number of muscles, and is thus more 
complex. 

Figure 150 - Simple reflex arc 
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Cranial nerves:  come directly from the brain. There are 12 pairs: 

I. Olfactory- sense of smell. 
II. Optic- sense of sight. 

III. Oculomotor- motor to external eye muscles. 
IV. Trochlear- motor to external eye muscles. 
V. Trigeminal- sensory to face, motor for muscles of mastication. 

VI. Abducens- motor to external eye muscles. 
VII. Facial- motor for muscles of facial expression. 

VIII. Vestibulocochlear- sense of hearing and balance. 
IX. Glossopharyngeal- sense of taste, motor to the tongue. 
X. Vagus-sensory and motor to the heart, lungs and gut. 

XI. Accessory- motor to trapezius and sternocleidomastoid. 
XII. Hypoglossal- motor to the tongue 
 

 

Figure 151 - Cranial nerves chart 

 

 

Spinal Tracts 
This section is about the ascending tracts – the pathways by which sensory information 

from the peripheral nerves is transmitted to the cerebral cortex. In some texts, ascending 
tracts are also known as somatosensory pathways or systems. 

Functionally, the ascending tracts can be divided into the type of information they transmit; 
conscious or unconscious. 

 Conscious tracts – Comprised of the dorsal column-medial lemniscal pathway, and 

the anterolateral system. 
 Unconscious tracts – Comprises of the spinocerebellar tracts. 
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The Dorsal Column - Medial Lemniscal Pathway 
The dorsal column-medial lemniscal pathway (DCML) carries sensory modalities of fine 
touch (tactile sensation), vibration and proprioception. 

Its name arises from the two major structures to comprise the DCML. In the spinal cord, 
sensation travels via the dorsal columns. In the brainstem, it is transmitted through the 
medial lemniscus. 
 
There are three groups of neurones involved in this pathway: 
 
First order neurones carry sensory information from touch or proprioceptive receptors to 

the medulla oblongata. There are two different pathways which the first order neurones take: 
 Signals from the upper limb travel in the fasciculus cuneatus (the lateral part of the 

dorsal column). They then synapse in the cuneate nucleus of the medulla 

oblongata. 
 Signals from the lower limb travel in the fasciculus gracilis (the medial part of the 

dorsal column). They then synapse in 
the gracile nucleus of the medulla 

oblongata 

Second order neurones begin in the cuneate 
nucleus or gracilis. The fibres receive the 
information from the preceding neurones, and 
delivers it to the third order neurones in the 
thalamus. Within the medulla oblongata, 
these fibres decussate (cross to the other 

side of the CNS). They travel in the 
contralateral medial lemniscus to reach the 
thalamus. 

Third order neurones take the sensory 

signals from the thalamus to the primary 
sensory cortex of the brain. They ascend from 
the ventral posterolateral nucleus of the 

thalamus, through the internal capsule, 
terminating at the sensory cortex. 
 
 
 
 
 
 
 
 
 
 
The Anterolateral System 

The anterolateral system consists of two separate tracts: 
 The anterior spinothalamic tract carries the sensory modalities of crude touch and 

pressure. 
 The lateral spinothalamic tract carries the sensory modalities of pain and 

temperature. 

Much like the DCML pathway, both the tracts of the anterolateral system have three groups 
of neurones: 
 

Figure 152 - Dorsal column lemniscal pathway 

http://teachmeanatomy.info/wp-content/uploads/Overview-of-the-Dorsal-Column-Medial-Lemniscal-Pathway.png
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First order neurones arise from the sensory receptors in the periphery. They enter the 

spinal cord, ascend 1-2 levels, and terminate at the tip of the dorsal horn (an area known as 
the substantia gelatinosa). 

Second order neurones carry the sensory information from the substantia gelatinosa to the 

thalamus. Arising from a synapse with the preceding neurones, the 
neurones decussate (cross to the other side of the CNS). Here, fibres split: 

 Crude touch and pressure fibres enter the anterior spinothalamic tract. 
 Pain and temperature fibres enter the lateral spinothalamic tract. 

Although they are functionally distinct, these tracts run alongside each other, and they can 
be considered at a single pathway. The fibres travel in their respective pathways, synapsing 
in the thalamus. 

 

 
 
 
Third order neurones take the sensory signals from the thalamus to the primary sensory 
cortex of the brain. They ascend from the ventral posterolateral nucleus of the thalamus, 
through the internal capsule, terminating at the sensory cortex. 

Figure 153 - The Right Anterolateral System 



 

 

Compiled by Laurence Hattersley 2016 

104 

 

 
Figure 154 - Location of the Ascending Tracts, within the Spinal Cord 

The Spinocerebellar Tracts – Unconscious Sensation 

Both the DCML and the anterolateral tracts transmit conscious sensations, such as pain, 
touch and temperature. The tracts that carry unconscious proprioceptive information are 
collectively known as the spinocerebellar tracts. Although we cannot physically 

acknowledge these signals, they help our brain co-ordinate and refine motor movements. 
They transmit information from the muscles to the cerebellum. 
Within the spinocerebellar tracts, there are four individual pathways: 

 Posterior spinocerebellar tract – Carries proprioceptive information from the lower 

limbs to the ipsilateral cerebellum. 
 Cuneocerebellar tract – Carries proprioceptive information from the upper limbs to 

the ipsilateral cerebellum. 
 Anterior spinocerebellar tract – Carries proprioceptive information from the lower 

limbs. The fibres decussate twice – and so terminate in the ipsilateral cerebellum. 
 Rostral spinocerebellar tract – Carries proprioceptive information from the upper 

limbs to the ipsilateral cerebellum. 

Clinical Relevance: Injury to the Ascending Tracts 
Injury to the DCML Pathway 
A lesion of the DCML pathway causes a loss of proprioception and fine touch. However, a 

small number of tactile fibres travel with the anterolateral system, and so the patient is still 
able to perform tasks requiring tactile information processing. 
If the lesion occurs in the spinal cord (which is more common), the sensory loss will be 
ipsilateral. DCML lesions can occur in Vit B12 deficiency and Tabes dorsalis (a 

neurological disorder seen in neurosyphilis). 
 
 
Injury to the Anterolateral System 
Damage to the anterior and lateral spinothalamic tracts will cause a loss of pain and 
temperature sensation. In contrast to DCML lesions, this sensory loss will be 
contralateral (the spinothalamic tracts decussate within the spinal cord). 

http://teachmeanatomy.info/wp-content/uploads/Sensory-Tracts-Within-the-Spinal-Cord.png
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Brown-Séquard syndrome refers to a hemisection (one sided lesion) of the spinal cord. 

This is most often due to traumatic injury, and involves both the anterolateral system and the 
DCML pathway: 

 DCML pathway – ipsilateral loss of tactile sensation and proprioception 
 Anterolateral system – contralateral loss of pain and temperature sensation. 

It will also involve the descending motor tracts, causing ipsilateral hemiparesis. 

 
Figure 155 - The Associated sensory loss with Brown-Sequard Syndrome 

Injury to the Spinocerebellar Tracts 
Lesions of the spinocerebellar tracts present as an ipsilateral loss of muscle co-ordination. 

However, the spinocerebellar pathways are unlikely to be damaged in isolation. 
Accompanying these types of lesions is Injury to the descending motor tracts. This will 
cause muscle weakness or paralysis, and usually masks the loss of muscle co-ordination. 
This article is about the descending tracts of the central nervous system. The descending 
tracts are the pathways by which motor signals are sent from the brain to lower motor 
neurones. The lower motor neurones then directly innervate muscles to produce movement. 

The motor tracts can be functionally divided into two major groups: 
 Pyramidal tracts – These tracts originate in the cerebral cortex, carrying motor 

fibres to the spinal cord and brain stem. They are responsible for the voluntary 
control of the musculature of the body and face. 

 Extrapyramidal tracts – These tracts originate in the brain stem, carrying motor 

fibres to the spinal cord. They are responsible for the involuntary and automatic 
control of all musculature, such as muscle tone, balance, posture and locomotion 

There are no synapses within the descending pathways. At the termination of the 
descending tracts, the neurones synapse with a lower motor neurone. Thus, all the 
neurones within the descending motor system are classed as upper motor neurones. Their 

cell bodies are found in the cerebral cortex or the brain stem, with their axons remaining 
within the CNS. 

http://teachmeanatomy.info/wp-content/uploads/Brown-S%C3%A9quard-Syndrome.png
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Figure 156 - Schematic of the Motor System. 

 
Pyramidal Tracts 

 
The pyramidal tracts derive their name from 
the medullary pyramids of the medulla 

oblongata, which they pass through. 
These pathways are responsible for the voluntary 
control of the musculature of the body and face. 

Functionally, these tracts can be subdivided into 
two: 

Corticospinal tracts – supplies the musculature 

of the body. 
Corticobulbar tracts – supplies the musculature 
of the head and neck 

 
 
 
Corticospinal Tracts 

The corticospinal tracts begin in the cerebral cortex, from which they receive a range of 
inputs: 

 Primary motor cortex 
 Premotor cortex 
 Supplementary motor 

area 

They also receive nerve fibres 
from the somatosensory 
area, which play a role in 
regulating the activity of 
the ascending tracts. 
The Anterior and Lateral 
Corticospinal Tract: After 
originating from the cortex, the 
neurones converge, and 
descend through the internal 
capsule (a white matter 

pathway, located between the 
thalamus and the basal 
ganglia). This is clinically 
important, as the internal 
capsule is particularly 
susceptible to compression 
from haemorrhagic bleeds, 
known as a ‘capsular stroke. 

Such an event could cause a 

Figure 157 - Medullary Pyramids 

Figure 158 - Overview of the Anterior and Lateral Corticospinal Tract 
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lesion of the descending tracts. 
After the internal capsule, the neurones pass through the crus cerebri of the midbrain, the 
pons and into the medulla. 

In the most inferior (caudal) part of the medulla, the tract divides into two: 
The fibres within the lateral corticospinal tract decussate (cross over to the other side of 

the CNS). They then descend into the spinal cord, terminating in the ventral horn (at all 
segmental levels). From the ventral horn, the lower motor neurones go on to supply the 

muscles of the body. 
The anterior corticospinal tract remains ipsilateral, descending into the spinal cord. They 
then decussate and terminate in the ventral horn of the cervical and upper thoracic 

segmental levels. 
 
Corticobulbar Tracts 

 
The corticobulbar tracts arise from the 
lateral aspect of the primary motor 
cortex. They receive the same inputs 

as the corticospinal tracts. The fibres 
converge and pass through the 
internal capsule to the brainstem. 

The neurones terminate on the motor 
nuclei of the cranial nerves. Here, 
they synapse with lower motor 
neurones, which carry the motor 
signals to the muscles of the face and 
neck. 

Clinically, it is important to understand 
the organisation of the corticobulbar 
fibres. Many of these fibres innervate 
the motor neurones bilaterally. For 

example, fibres from the left primary 
motor cortex act as upper motor 
neurones for the right and left 
trochlear nerves. There are a few 

exceptions to this rule: 

 Upper motor neurones for 
the facial nerve (CN VII) have a contralateral innervation. This only affects the 
muscles in the lower quadrant of the face – below the eyes. (The reasons for this are 
beyond the scope of this article) 

 Upper motor neurons for the hypoglossal (CN XII) nerve only provide contralateral 
innervation. 

 
Extrapyramidal Tracts 
The extrapyramidal tracts originate in the brainstem, carrying motor fibres to the spinal 
cord. They are responsible for the involuntary and automatic control of all musculature, 

such as muscle tone, balance, posture and locomotion. 
There are four tracts in total. The vestibulospinal and reticulospinal tracts do not 
decussate, providing ipsilateral innervation. The rubrospinal and tectospinal tracts do 

decussate, and therefore provide contralateral innervation 
 
 

Figure 159 - Overview of the Right Corticobulbar Tract 

http://teachmeanatomy.info/wp-content/uploads/Overview-of-the-Corticobulbar-Tracts.png
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Vestibulospinal Tracts 
There are two vestibulospinal pathways; medial and lateral. They arise from the vestibular 
nuclei, which receive input from the organs of balance (inner ear). The tracts convey this 
balance information to the spinal cord, where it remains ipsilateral. 
Fibres in this pathway control balance and posture by innervating the ‘anti-gravity’ muscles 

(flexors of the arm, and extensors of the leg), via lower motor neurones. 
 
Reticulospinal Tracts  

The two reticulospinal tracts have differing functions: 
 The medial reticulospinal tract arises from the pons. It facilitates voluntary 

movements, and increases muscle tone. 
 The lateral reticulospinal tract arises from the medulla. It inhibits voluntary 

movements, and reduces muscle tone. 

Rubrospinal Tracts 
The rubrospinal tract originates from the red nucleus, a midbrain structure. As the fibres 

emerge, they decussate (cross over to the other side of the CNS), and descend into the 
spinal cord. Thus, they have a contralateral innervation. 

Its exact function is unclear, but it is thought to play a role in the fine control of hand 
movements 

Tectospinal Tracts 
This pathway begins at the superior colliculus of the midbrain. The superior colliculus is a 
structure that receives input from the optic nerves.  The neurones then quickly decussate, 
and enter the spinal cord. They terminate at the cervical levels of the spinal cord. 
The tectospinal tract coordinates movements of the head in relation to vision stimuli. 

Clinical Relevance:  
Upper Motor Neurone Lesion 
Upper motor neurone lesions are also known as supranuclear lesions. 
Damage to the Corticospinal Tracts 

The pyramidal tracts are susceptible to damage, because they extend almost the whole 
length of the central nervous system. As mentioned previously, they particularly vulnerable 
as they pass through the internal capsule – a common site of cerebrovascular accidents 

(CVA). 
If there is only a unilateral lesion of the left or right corticospinal tract, symptoms will appear 
on the contralateral side of the body. The cardinal signs of an upper motor neurone lesion 
are: 

 Hypertonia – an increased muscle tone 
 Hyperreflexia – increased muscle reflexes 
 Clonus – involuntary, rhythmic muscle contractions 
 Babinski sign – extension of the hallux in response to blunt stimulation of the sole of 

the foot 
 Muscle weakness  

Damage to the Corticobulbar Tracts 
Due to the bilateral nature of the majority of the corticobulbar tracts, a unilateral lesion 
usually results in mild muscle weakness. However, not all the cranial nerves receive bilateral 
input, and so there are a few exceptions: 

 Hypoglossal nerve – a lesion to the upper motor neurones for CN XII will result in 
spastic paralysis of the contralateral side of the genioglossus. This will result in the 
deviation of the tongue to the contralateral side. 

 Facial nerve – a lesion to the upper motor neurones for CN VII will result in spastic 
paralysis of the muscles in the contralateral lower quadrant of the face. 
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Damage to the Extrapyramidal Tracts 

Extrapyramidal tract lesions are commonly seen in degenerative diseases, encephalitis and 
tumours. They result in various types of dyskinesias or disorders of involuntary movement. 

 

Autonomic nervous system:  

The autonomic nervous system (ANS) (Auto-self; nomus-law) regulates bodily functions not 
under conscious control. Examples of its activity display itself in the diameter of the pupil, 
and constriction of blood vessels; it  also  controls all internal organs, glands and skin.  

It is divided into two parts: 

 
 Sympathetic 
 Parasympathetic 

 

 
 

Figure 160 - Autonomic Nerves and their Differences 

Generally speaking, it can be seen that the two balance each other out; when there is an 
increase of activity in one, there is a commensurate decrease in the other. Typically, the 
hypothalamus turns up sympathetic tone at the same time as it turns down parasympathetic.  

 
The Sympathetic reaction 

Generally, the sympathetic reaction manifests itself during physical emotional stress. It is the 
first stage of the “fight or flight” reaction, with dilatation of  the pupils;  bronchus, increases 
blood pressure and flow, and prepares  the body for physical activity. At the same time it 
reduces body functions that favour storage of energy: reduction such as  gut activity etc.  
Emotions such as fear, embarrassment and rage can stimulate the sympathetic division. 
You can remember these as the ‘E situations’: exercise, emergency, excitement and 
embarrassment.  
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Specifically, sympathetic stimulates: 

1. Dilatation of the pupils 
2. Heart rate, force of contraction and blood pressure increase 
3. The airways dilate allowing freer flow of air 
4. Blood vessels to non-essential organs like the kidneys and gut constrict, reducing 

flow there (i.e. not essential during exercise) 
5. Blood vessels to organs used in exercise: muscles, heart, liver and fatty tissue, 

dilate, allowing greater flow to them 
6. Glycogen is broken down into glucose in the liver, and fats are broken down also, to 

provide fuel for energy production 
7. Glucose released by the liver increases blood glucose levels 
8. Any processes not essential to this activity are slowed,  or stopped, e.g. the gut 

activity  

 
In contrast to this hive of activity, the parasympathetic system enhances ‘rest and digest’ 
activity, i.e. it controls basic vegetative  functions and supports bodily functions that 
conserve and restore body energy during times of inactivity.   

In general, it: 

 It slows the heart, 

 Constrict the pupils, 

 Dilate blood vessels 

 Stimulates activity in the gut, including secretions  

The Senses 

Humans have 5 recognised senses which allow them to receive information about their 
environment. We tend to be more visually orientated but it is surprising how much 
information we receive in other ways and how important it is to our survival and emotional 
well-being. The five senses are; taste, smell, touch, sight and hearing. 

 Taste 

o Taste buds are widely distributed over the tongue, soft palate, pharynx and 
epiglottis. They are small bundles of cells enervated by the 7th, 9th and 10th 
cranial nerves. There are small microvilli projecting from the cells into pores 
on the epithelium of the tongue etc. These are stimulated by various 
substances in solution in the saliva. Although we can taste many different 
substances some of this is due to a combination of smell and touch 
sensations with that of taste.  

o The four basic taste are; sweet, salty (both perceived at the front of the 
tongue), sour (at the sides), and bitter  at the back. Pungent tastes are due to 
a stimulation of sensory nerves. People’s senses of taste differ and cause 
different preferences in food. Certain tastes stimulate specific physiological 
responses, for instance bitter tastes encourage the production of bile. 
Therefore eating bitter foods with fatty foods can aid their digestion. In 
Chinese medicine the different tastes are felt to correspond to different 
meridians and strong preferences or dislikes can indicate an imbalance in a 
specific area. 
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Figure 161 - Tongue Upper Surface 

Smell 

We inhale through the nose, but substances we inhale  travels through to the lungs and can 
be absorbed into the blood in the alveoli. When air enters the nose, it is warmed, moistened, 
and filtered by the nasal hairs; also any molecules therein can come in contact with the 
olfactory cells. These are stimulated by either their shape or vibrational energy and send a 
message to the brain. The olfactory system is different from the others in that it doesn’t have 
any synapses between them and the brain; the fibres passing up to the olfactory bulb 
through the cribriform plate. From here it has links with the limbic system, which is 
associated with emotions, sexual drive, appetite, intuition and memory. It also connects to 
the hypothalamus, which is concerned with homeostasis and the endocrine system.  

Figure 162 - Smell - Olfactory Apparatus 

 
We normally notice a smell at about 1:1,000,000 concentration, but sometimes we can lose 
it over a certain concentration (e.g. hydrogen sulphide [bad egg gas] we cannot smell above 
16:1,000,000 – it just becomes poisonous). Smelling can be both simple and complex; we 
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become desensitised to a smell if it there all the time (you can’t smell your own perfume after 
a while).       

Our sense of smell affects us far more than most people realise. Smell is intricately tied up 
with our emotional responses and with our memory. People who lose their sense of smell of 
report emotional disturbance, and we all know that smell is intricately involved with the 
stimulation of appetite as this often evaporates during a cold. 

Smells are perceived by the olfactory nerves which lie at the top of the nasal cavity. These 
are connected directly to the brain via the olfactory bulb, and are the only nerves in the body 
which do not pass through synapses. In order to  perceive a smell at least 42 molecules of 
the substance must stimulate the olfactory nerves. The exact mechanism is not known but it 
may be to do with the shape of receptors on the nerves or vibrational frequencies. This area 
is receiving much interest from research scientists and many books are written on the 
subject. 
Touch 

The sensory nerves throughout our body are able to perceive different stimuli; these are 
cold, heat, pain and touch. 

 
 

Figure 163 - Skin - Different receptors in Skin 
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Sight 

We see with our eyes. The following 
description is a gross simplification. The eyes 
are supplied by the 2nd cranial (optic) nerve, 
as regards sight.  

 

 
Figure 164 - Sight - Pathways to Visual Cortex 

  
 
   
 
 
 
 

Other cranial nerves (Oculomotor, Trochlear 
and Abducens) supply the muscles around the 
eye and enable them to move.  

 

       

The eyes  are spherical structures. Although 
structurally separate, they function as a pair to 
allow us to see in three 
dimensions and judge 
distance (parallax). 

The eye is made up of a 
fibrous layer which is divided 
into the sclera  and the 
cornea. 

The sclera is the white of the 
eye and becomes the 
transparent cornea in the 
centre of the eye to allow light 
through. 

There is a middle vascular 
layer made up of the choroid, 
ciliary body and iris. The 
choroid is very rich in blood 
vessels and  its function is to 
absorb light after it has 
passed through the pupil and 
stimulated the retina. The 
ciliary body allows changes in the thickness of the optic lens. It is supplied by the 3rd cranial 
nerve. The iris is the pigmented part of the eye, with the pupil at its  centre. It consists of two 
layers of muscle fibres, one circular and one radiating which control the aperture of the pupil. 
The lens lies directly behind the pupil and is a highly elastic biconvex structure. An inner 
layer of nervous tissue  is known as the retina. It is specially adapted to be stimulated by 
light rays. The light sensitive layer is made up of rods  and cones; rods enable us to see in 
black and white and are used for night vision. Cones enable us to see in colour.  
 
 

Figure 165 - Eye - cross section 
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Hearing 

The ears are the structures that enable us to hear.  

 

Figure 166 - Ear - Structures of Outer, Middle and Inner Ear 

 

They are divided into 

 The external ear 
o The auricle or pinna is the ear lobe etc. This leads into the auditory canal 

which leads to the eardrum. This canal is lined with hairs and ceruminous 
glands that secrete wax  to prevent dust and germs reaching the delicate ear 
drum. The eardrum or tympanic membrane separates the outer ear from the 
middle-ear. 

 The middle  ear– 
o This is also an air-filled space. Within this space three tiny bones known as 

the auditory ossicles. These are called the malleus, the incus  and the stapes. 
The malleus is in contact with the ear drum. This articulates with the incus 
and then stapes is in contact with the oval window (foramen ovale), which is 
the membrane covering the entrance to the inner ear. There is also a canal 
connecting the middle ear with the palate, at the back of the mouth, and is 
called the Eustachian tube. The function of this is to allow the equalisation of 
pressure between the middle ear and the outside.    

 
 The  inner ear 

o This contains the vestibular system where can be found the semi-circular 
canals (for balance) and the cochlea (which senses sound) 
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Disorders of the nervous system: 

 
Sciatica – irritation of the sciatic nerve, causing pain down the back of the leg 

 
CVA– cerebrovascular accident  

(CVA), or a stroke; sudden onset 
of neurological symptoms form a 
blood clot or bleed.  

 

 
Figure 167 - Stroke - From Blockage or 

Bleed 
 

 

 

 

 

 

Shingles – herpes zoster: caused by chicken-pox 

virus. Causes rash and irritation along the course of 
the sensory nerve  
 

Figure 168 - Shingles - Herpes Zoster 

 
 

 

 

 

 

Poliomyelitis – causes destruction of motor cells in spinal 

cord, with paralysis  

 
 

Figure 169 - Poliomyelitis 
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Parkinson’s disease – progressive disease, affecting 

older people. Shows as tremor, shuffling gait, reduced 
motor function and coordination, and expressionless 
face. 

 
 

 

Spina  Bifida – defective closure of the neural tube 

(spinal canal); usually occurs at the base of the spine 
(L-spine/sacrum). Occult form is hidden (i.e. skin is 
intact). Neural defects can  also 
cause hydrocephalus (excess fluid 
on the brain) 

 
Figure 171 - Spina Bifida, here showing a 

Meningocoele 

 
   
 
 
   
 
 
 
 

 

MS – multiple sclerosis. Results in 

destruction of myelin sheath. 
Causes a progressive motor dysfunction. Fatal, but can last 7 – 30 years. 
 
Epilepsy – two main types: grand mal and temporal lobe. Causes fits, absences, and déjà vu 

experiences 

Trigeminal neuralgia – pain along the trigeminal nerve, usually the cheek. Precipitated by 

touch, washing face, cold wind. 

Vertigo – the subjective sensation of the environment moving. Can cause dizziness and 

vomiting 

 
Alzheimer’s – Is a progressive disease of no apparent reason. Its symptoms are  short term 

memory loss and confusion.   

 
Huntingdon’s Chorea – (St. Vitus’ dance) degenerative condition starting between 35-50 

years of age; characterised by strange, involuntary, jerking movements and progressive 
intellectual impairment. 
  

Figure 170 - Parkinson's disease 
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The Skin 

 
The skin is defined as the largest organ in the body. It 
covers the whole of the outside of the body and has 
an area of about 2 square metres and  weighs about 
4.5 – 5kg.  

 

 

 

It is highly active and carries out a large number of 
functions.  It consists of an outer epidermal layer or 
epidermis, which contains nerve endings but no blood 
supply. It is supported by tissue fluid from the dermis,  
an underlying  layer of connective tissue. 

 

 
 

The epidermis has several layers; taking these from 
superficial to deep: 

 Stratum corneum (Cornified layer) 

Composed of 10 to 30 layers of polyhedral, 
anucleated corneocytes (final step of keratinocyte differentiation), with 
the palms and soles having the most layers. Corneocytes are surrounded by 
a protein envelope (cornified envelope proteins), filled with water-
retaining keratin proteins, attached together through corneodesmosomes and 
surrounded in the extracellular space by stacked layers of lipids. Most of the barrier 
functions of the epidermis localize to this layer.  

 Stratum lucidum (clear/translucent layer) (only in palms and soles) 

 Stratum granulosum (granular layer) 

Keratinocytes lose their nuclei and their cytoplasm appears granular. Lipids, 
contained into those keratinocytes within lamellar bodies, are released into 
the extracellular space through exocytosis to form a lipid barrier. Those 
polar lipids are then converted into non-polar lipids and arranged parallel to 
the cell surface.  

 Stratum spinosum (spinous layer)  

Keratinocytes become connected through desmosomes and start produce lamellar 
bodies, from within the Golgi, enriched in polar lipids, glycosphingolipids, 
free sterols, phospholipids and catabolic enzymes.] Langerhans cells, 
immunologically active cells, are located in the middle of this layer.  

 Stratum basale/germinativum (basal/germinal layer).Composed mainly 

of proliferating and non-proliferating keratinocytes, attached to the basement 
membrane by hemidesmosomes. Melanocytes are present, connected to numerous 
keratinocytes in this and other strata through dendrites. Merkel cells are also found in 
the stratum basale with large numbers in touch-sensitive sites such as 
the fingertips and lips. They are closely associated with cutaneous nerves and seem 
to be involved in light touch sensation.  

 

Figure 172 - Skin of male 
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Figure 174 - Layers of Epidermis of Skin 

 

 

 

Figure 173 - Section through Skin 
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Below the epidermis is the dermis ,  w h i c h  contains the following:  

 Sweat glands, which excrete water, salts, urea and other waste, and allow the body 

to be cooled by evaporation. There are 2 types;  
o Apocrine which are located mainly in the axillary and genital areas and only 

become active at puberty.  
o Eccrine sweat glands mainly excrete water, up to 2.3 litres a day. 

 Ceruminous glands are found in the ears and secrete wax. This and the hairs are 

for lubrication and catching foreign bodies. 

 Arrector pili muscles, attached to each hair follicle which contract in response to 

cold and fear, making the hair stand up. 

 Hair follicles, everywhere, except on the palmar and plantar surfaces. 

 Sebaceous glands ,  which secrete sebum to lubricate the skin and hair, keep it at 

the correct pH (around 5.5), and has a mild antimicrobial action. 

 

The dermis also contains tiny capillaries and lymph vessels to nourish  the tissue and 

carry wastes away. The capillaries are also involved in temperature regulation. This whole 
dermis and epidermis consists of epithelial  tissue, but it sits on a basement  membrane, 
which is connective  tissue. 

Beneath the dermis is a layer of subcutaneous connective tissue. This may contain 

deposits of (subcutaneous) fat. These deposits tend to be thicker in women than in men. 

 
Recently it has been discovered that the skin also contains various enzymes which can 
metabolise molecules applied to the skin. As more research is done it becomes clear that 
the skin has many more functions than the simple impervious barrier it was thought to be. It 
has been demonstrated that the skin can actually absorb small molecules and fatty 
substances, as well as some fluids. This is utilised in drug delivery systems such as nicotine 
and hormone patches, and also by aromatherapists, who apply essential oils via the skin. 

Functions of the skin: 

 Body temperature regulation. If we are hot, more blood goes to the skin,  so we go 

red.  We also sweat; hence lose heat via radiation, convection and evaporation. If we 
are cold there is a reduced blood flow to the skin; we go white, the arrector pili 
muscle contract holding the hairs erect to trap air (to insulate) and we shiver (to 
create heat)  

 Protection. Keratin in the skin protects the underlying tissues from microbes, 

abrasion, heat, and chemicals. Lipids retards evaporation of water from the skin’s 
surface, reducing dehydration. Sebum prevents hairs from drying out and has 
bactericidal chemical to kill surface bacteria. Sweat is acidic, slowing the growth of 
some surface bacteria. Melanin helps protect against UV light. Hair and nails also 
have protective functions. 

 Cutaneous sensations. These arise in the skin. They include tactile sensations: 
touch, pressure, vibration and tickling, as well as thermal sensations like warmth and 
cold. Another, pain, is usually an indication of impeding tissue damage.  

 Excretion and absorption.  The skin has a small role in excretion and absorption.  

 Synthesis of vitamin D.  Exposing the skin to UV light activates vitamin D; it is then 
converted to its active form, Calcitriol, which aids the absorption of calcium and 
phosphorus form the gut into the blood. 
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Disorders of the Skin 

 
Congenital 

 
Eczema/ Dermatitis - superficial inflammation 

of the skin. In the acute phase there may be 
vesicles, redness, oedema, oozing, crusting, 
scaling and itching. Constant scratching and 
rubbing may lead to lichenification.  

Figure 175 - Eczema/Dermatitis 

 
 
 
 
 
 
 
Seborrhoeic Dermatitis  
 

Figure 176 - Seborrhoeic Dermatitis 

 
 
 

 

 

 

 

Psoriasis - a recurrent chronic problem, 

characterised by dry, scaling plaques of varying 
size. These may be pink in the milder form or 
can be silvery scales with cracking and 
bleeding. In extreme cases it can cause a form 
of arthrosis. The finger nails are often affected 
too. 
 

Figure 177 - Psoriasis 
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Viral Infections 

 
Verrucae and warts 
 

Warts and verrucae are both of viral origin. The main difference between the two is that 
verrucae tend to occur on the soles of the feet, hence the likelihood of catching them at 
swimming pools.  The body’s own immune system should clear them up naturally, so if there 
is a number of them it may create questions on the host immune competence.     

Figure 178 - Verrucae and Warts 

Herpes Simplex  is caused by the Herpes virus and causes a vesicular rash at their point of 
infection. When they appear on the face they are also known as cold sores. There are about 
6 types, all of which produce their own rash. If they occur on the genitalia, they are known as 
herpes genitalis.  They spread by direct contact. It appears at times of fatigue 

 
Figure 179 - Herpes Simplex (Labialis) 

 
 
 
 

 
 

 
 
Herpes Zoster is caused by the chicken pox virus 

(varicella). It stays dormant in the dorsal root 
ganglion of the nervous system and becomes 
active with occasions of fatigue (like simplex). The 
main difference between the two is that Zoster 
follows the course of the nerve supplying the 
dermatome. 
 
Figure 180 - Herpes Zoster - Shingles 
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Fungal infections 

 
Tinea Pedis or Athlete’s 
foot. A fungal infection, 
frequently infecting in 
between the toes. Powders 
are available, but is very 
treatable with Citricidal 
(grapefruit seed extract)  

 
Figure 181 - Tinea Pedis - Athlete's 

Foot 

 
 
 
 
Tinea Corporis (ringworm) 

 
Ringworm 

Superficial  fungal infection  of the arms and 
legs, especially on  glabrous (hairless) skin, 
however it may occur on any part of the body. 

Figure 182 - Tinea Corporis - Ringworm 

 
 
 
 

Bacterial Infections 

 
Acne vulgaris - infection of the hair 

follicles and sebaceous glands of the 
skin. There are frequently blackheads, 
and pustules. The infection is usually due 
to staphylococcal infection. It is 
commonly seen in teenagers and usually 
disappears by the mid-twenties. 

Figure 183  - Acne Vulgaris 

 
 
 
 
Acne rosaceae - A chronic inflammatory disorder of the skin, 

usually occurring in the late thirties or later. It is characterised 
by a butterfly shape of reddened, scaly and sometimes infected 
skin. Very occasionally it occurs elsewhere on the body. 

 
Figure 184 - Acre Rosaceae 
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Impetigo  is a highly  

Contagious  bacterial  skin  infection  most common 
among pre-school children. People who play close 
contact sports such as  rugby,  American football and  
wrestling  are also susceptible, regardless of age. 
Impetigo is not as common in adults. The name derives 
from the  Latin  impetere  ("assail"). It is also known as 
school sores. It is primarily caused by  Staphylococcus 
aureus, and sometimes by  Streptococcus pyogenes.  

 
    Figure 185 - Impetigo 

 
 
 
 
Folliculitis  is the  inflammation  of one or more  hair 

follicles. The condition may occur anywhere on the  skin. 
Most  carbuncles,  furuncles, and other cases 
of Folliculitis develop from Staphylococcus 
aureus and  Pseudomonas aeruginosa. 
Folliculitis starts when hair follicles are 
damaged by friction from (tight) clothing, an 
insect bite, blockage of the follicle, shaving, or 
braids too tight and too close to the scalp. In 
most cases of Folliculitis, the damaged follicles 
are then infected with the bacterium 
Staphylococcus. 

                                 
Figure 186 - Folliculitis 

 
 

Boils 

A  boil, also called a  furuncle, is a deep  folliculitis,  infection  

of the hair follicle. It is always caused by infection by the  
bacterium Staphylococcus aureus, resulting in a painful 
swollen area on the  skin  caused by an accumulation of  pus 
and dead tissue  

    Figure 187 - Boil - Furuncle 

Pigmentation disorders 

 
Vitiligo  is a condition that causes  
depigmentation  of patches of  skin. It occurs 
when  melanocytes, the cells responsible for  
skin pigmentation, die or are unable to 
function. The cause of vitiligo is unknown, but 
research suggests that it may arise from 
autoimmune, genetic,  oxidative stress, neural, 
or viral cause 

  Figure 188 - Vitiligo 
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 Albinism  (also called  achromia,  

achromasia, or  achromatosis) is a  congenital 
disorder  characterized by the complete or 
partial absence of  pigment  in the skin, hair 
and eyes due to absence or defect of an 
enzyme involved in the production of  melanin 

 
  Figure 189 - Albinism 

 

 

 

 
     

 Figure 190 - Chloasma; Melasma 

Chloasma also known as Melasma  (also 
known as "Chloasma faciei"  or the  mask of 
pregnancy  when present in  pregnant 
women) is a tan or dark skin discoloration. 
Although it can affect anyone, melasma is 
particularly common in women, especially 
pregnant women and those who are taking 
oral or patch contraceptives or hormone 
replacement therapy (HRT) medications. It 
is also prevalent in men and women of Native American 
descent (on the forearms) and in men and women of 
German/Russian and Jewish descent (on the face) 
 

Ephelides also known as Freckles  are clusters of 

concentrated  melanin  which are most often visible on 
people with a fair  complexion. A freckle is also called an 
"ephelis". Freckles do not have an increased number of 
melanin producing cells (melanocytes).  

   Figure 191 - Ephelides - Freckles 

 
  
 
 
Lentigo 
 

A lentigo (plural: 
lentigines) is a 
small pigmented spot on the skin with a clearly-
defined edge, surrounded by normal-appearing skin. 
It is a harmless (benign) hyperplasia of melanocytes 
which is linear in its spread. This means the 
hyperplasia of melanocytes is restricted to the cell 
layer directly above the basement membrane of the 
epidermis where melanocytes normally reside. 
                                              
Figure 192 - Lentigo 
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Mole (Nevus) 

Moles (a  melanocytic nevus, also known as "nevocytic 
nevus") are a type of  lesion  that contains  nevus cells  
(melanocytes). The most common types of moles are  
skin tags, raised moles and flat moles.  Benign  moles 
are usually circular or oval and not very large, though 
some can be larger than the size of a typical pencil 
eraser. Some moles typically produce dark, coarse  
hair. Common mole hair removal procedures include 
plucking, cosmetic waxing,  electrolysis,  threading  
and cauterization. 

 
    Figure 193 - Mole - Naevus 

 

 

 

 

 

 

 

Port Wine Stain 

A  port-wine stain  or  naevus flammeus  is a 

vascular  birthmark  consisting of superficial and 
deep dilated  capillaries  in the  skin  which 
produces reddish to purplish discoloration of the 
skin. They are so called for their colour, 
resembling that of  port wine. It is part of the 
family of disorders known as vascular 
malformations, specifically an arteriovenous 
malformation 

Figure 194 - Naevus Flammeus - Post Wine Stain 

 
General disorders 

UV damage  to skin can cause 
increased ageing of the skin, 
DNA damage (possibly leading 
to increased  likelihood of  skin 
cancer (like melanoma). It is 
thus a side effect of sun bed 
use, and the desire to ‘look 
good’. 

 
Figure 195 - UV Damage 
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Figure 196 - Urticaria - 'Nettle Rash' 

Urticaria  (from the Latin  urtica,  
nettle)  (or  hives) is a kind of skin 
rash notable for pale red, raised, 
itchy bumps. Hives is frequently 
caused by  allergic  reactions; 
however, there are many non-
allergic causes. Most cases of hives 
lasting less than six weeks (acute 
urticaria) are the result of an allergic 
trigger. Chronic urticaria (hives 
lasting longer than six weeks) is 
rarely due to an allergy. The 
majority of patients with chronic 
hives have an unknown (idiopathic) 
cause; perhaps as many as 30–
40% of patients with chronic 
idiopathic urticaria will, in fact, have an autoimmune cause. Acute viral infection is another 
common cause of acute urticaria. Less common causes of hives include friction, pressure, 
temperature extremes, exercise, and sunlight. 
 
 

Figure 197 - Contact Dermatitis 

Allergic reaction, or contact 

dermatitis is a term for a  skin  
reaction (dermatitis) resulting from 
exposure to  allergens  (allergic  
contact dermatitis) or  irritants  
(irritant contact dermatitis).  
Phototoxic  dermatitis occurs when 
the allergen or irritant is activated 
by sunlight. Inflammation of the 
affected tissue is present in the  
epidermis  (the outermost layer of 
skin) and the outer  dermis  (the 
layer beneath the epidermis). Unlike  contact urticaria, in which a rash appears within 
minutes of exposure and fades away within minutes to hours, contact dermatitis takes days 
to fade away. Even then, contact dermatitis fades only if the skin no longer comes in contact 
with the allergen or  

Irritant. Contact dermatitis results in large, burning, and itchy rashes, and these can take 
anywhere from several days to weeks to heal. Chronic contact dermatitis can develop when 
the removal of the offending agent no longer provides expected relief 
   
Comedone  (a  blackhead)  is a yellow or 

blackish bump or plug on the skin. A 
blackhead is a type of  acne vulgaris. 
Contrary to the common belief that it is 
caused by poor hygiene, blackheads are 
caused by excess oils that have 
accumulated in the  sebaceous gland’s 
duct. The substance found in these bumps 
mostly consists of  keratin  and modified  
sebu m (an oily secretion of the sebaceous 

Figure 198 - Comedone - blackhead 
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gland), which darkens as it oxidizes. Clogged  hair follicles, where blackheads often occur, 
reflect light irregularly to produce a blackhead's "black" hue. For this reason, the blockage 
might not necessarily look black when extracted from the pore, but may have a more yellow-
brown colour as a result of its  melanin  content 
 

Milia: A  Milium  (plural  milia), also called A  
milk spot  or an  oil seed, is a  keratin-filled  
cyst  that can appear just under the  epidermis  
or on the roof of the mouth.  Milia are 
commonly associated with newborn  babies  
but can appear on people of all ages. They are 
usually found around the nose and eyes, and 
sometimes on the genitalia, often mistaken by 
those affected as warts or other STDs. Milia 
can also be confused with stubborn  
whiteheads.  

In children, milia often disappear within two to 
four weeks. In  adults they may require removal 
by a  physician or ae sthetician 

 
 
 
 
 

Figure 199 - Milia - milk spots 
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The Respiratory System 

  
Most of the energy required by the cells of the body is derived from chemical reactions, 
which can only take place in the presence of oxygen (O2). The main waste product of these 
reactions is carbon dioxide (CO2). The respiratory system provides the route by which 
oxygen enters the body and carbon dioxide is excreted. The exchange of gases between the 
blood and the lungs and through to the cells is called external respiration and the utilisation 
of the oxygen within  the cells is called internal (cellular) respiration. 

 

Figure 200 - The Respiratory System 

The organs of the respiratory system are: 

 Nose 

 Pharynx 

 Larynx 

 Trachea 

 Two bronchi (one bronchus to each lung) 

 Bronchioles (smaller air passages) 

 Alveoli (small air sacs where gaseous exchange takes place) 

 Two lung sand their coverings (the pleura) 

 Muscles of respiration – intercostal muscles  and the diaphragm 

 

The respiratory tract is divided into two: the upper and lower 

 



 

 

Compiled by Laurence Hattersley 2016 

129 

 

The Upper Respiratory Tract 

The upper airway is formed by the nose, mouth, pharynx and larynx. It serves as a 
passageway for air being inspired and expired, filters, warms and moistens the inhaled air, 
and provides the protective reflexes of sneezing and the closing off of the larynx to prevent 
aspiration of fluids and solids (via the epiglottis).  

Nose: The nose has a highly vascularised and ciliated mucous membrane lining which 
moistens, warms and filters inhaled air. 

 
Pharynx: This is a muscular tube lined with mucous membrane extending from the  base of 
the skull to the sixth cervical vertebra. 

 
Larynx:  The larynx is composed of muscle tissue and cartilage and is  lined with  mucous 

membrane. It functions as an air passage and contains the vocal cords. 

 
The Lower Respiratory Tract 

The lower tract consists of the trachea, bronchi and two lungs. 

Trachea: The trachea continues from the larynx above and divides into the right and left 

bronchi below. The trachea, main bronchi and smaller bronchi are supported by C-shaped 
incomplete rings of cartilage with a gap behind. They are lined by ciliated epithelium 
containing goblet cells, which secrete mucus. 

 
Bronchi:  Each bronchus enters a lung where it branches like a tree to form the bronchial 
tubes. These in turn divide to form secondary and tertiary bronchi, and finally bronchioles, 
which are about 1mm in diameter. The bronchioles  sub-divide, progressively becoming 
smaller. When no more branching takes place it becomes a terminal bronchiole, which gives 
rise to a spray of microscopic tubes known as alveolar ducts  and each duct terminates in 
clusters of microscopic sacs called alveoli.  Alveoli consist only of a thin layer of flattened 
epithelial cells, which are surrounded by blood capillaries, and here oxygen and carbon 
dioxide are exchanged by diffusion.  
 

The Lungs: There are two lungs. Each lung is made up mainly of bronchial tubes with their 
successive branches, alveoli and many blood vessels. The right lung has three lobes and 

Figure 201 - Alveoli 
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the left lung has two lobes. Each lung is enclosed in an adherent serous membrane called 
the visceral pleura.  A second layer lines the thoracic wall and is called the parietal pleura. 

 
The Mechanism of Respiration 

 
This is the process by which the lungs expand to take in air and contract to expel it. The 
cycle of  respiration, which occurs about 15 times a minute, consists of three phases:  

 Inspiration 

 Expiration 

 Pause 

 
Inspiration is the active phase during which air moves into the lungs. Expiration, in normal 
breathing, is a passive phase during which air moves out of the lungs.  Inherent within this 
mechanism is the difference in pressures between the thoracic and abdominal cavities; the 
pressure of the abdominal cavity is greater than that of the thoracic. In inspiration the chest 
has to work against the pressure  of the abdomen to pull air into the lungs, but uses this 
pressure in the process of exhalation.   

 
Muscles of Respiration 

 

The primary muscles  of respiration are: 

 The Diaphragm:  this  is a dome shaped muscle, which separates the thoracic and 

abdominal cavities. 

 The Intercostal Muscles: (external and internal) There are 11 pairs of intercostal 
muscles and they are located in the spaces between the 12 pairs of ribs. 

 Accessory muscles of respiration. Any muscle that attaches onto a rib is 
potentially a muscle of respiration, and includes: the scalenes, quadratus lumborum, 
Serratus posterior (superior and inferior) sternocleidomastoid, and pectoralis minor. 

Figure 202 - Muscles of 
Respiration 
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Inspiration 

The diaphragm flattens down and the  external  intercostal muscle contract, pulling the ribs 
up and out, increasing the thoracic space; this causes  air to flow in to the lungs with their 
consequent expansion, causing inspiration. 

Expiration 

Relaxation of the respiratory muscles  and the natural elasticity of the lung tissue  reverse 
the above process. The elastic alveoli,  which were stretched, now recoil. The pressure of 
the air in the lungs is now greater than the atmospheric air, and this causes air to move  out 
of the lungs, producing expiration. 

Definitions 

Respiration:  This is the process of supplying oxygen to and removing carbon dioxide from 
the tissues. These gases are carried in the blood, oxygen from the lungs to the tissues and 
carbon dioxide from the tissues to the lungs. The gas exchanges in the lungs are called 
external respiration  and those in the tissues are called internal respiration. 

Alveoli:  These are the functional units of the lungs. Exchange of oxygen and carbon dioxide 
takes place through the walls of the alveoli and the walls of the pulmonary capillaries. 

Tidal Volume: This is the amount of air that moves in and out with each normal breath. 

Eupnoea: Normal, quiet respiration 

Hyperpnoea: Increased respiration with stress or exercise 

Dyspnoea: Difficulty in breathing e.g. with asthma 

Inspiratory Reserve Volume: This is the maximal additional volume of air that can be 
inspired at the end of a normal inspiration. 

Expiratory Reserve Volume:  This is the maximal additional quantity of air that can be 

expired at the end of a normal expiration. 

Vital Capacity: This is the volume of air that can be moved in a single breath. 

Residual Volume: This is the amount of air that remains in the  lungs after maximal 
expiration; also called dead space air. 

Total Lung Capacity: This is the lung volume at its maximum (i.e., after a maximal 
inspiration). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 203 - Spirogram of respiration 
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Average Composition of Air 

 

 
Laminar flow 

Laminar flow is descriptive of how a gas or fluid flows along a pipe. It flows fastest in the 
centre of the tube, becoming gradually slower towards the outside of the tube, where the gas 
is in contact with the inner layer of the tube itself; hence there are ‘layers’ (laminae) of flow. 
There is an equation which describes this flow 

 
F α r4 

 
This equation explains that  the flow along the tube is proportional to the forth power of the 
radius. This is meaningless until you consider it in a dynamic situation; if there is  a very 
small  change in the radius, it will create a very big change in the rate of flow; this can be a 
cause of some disorders. 

Exercise and the respiratory system 

The function of the respiratory tree is to provide oxygen for the tissues and to remove carbon 
dioxide; during exercise pulmonary respiration increases linearly for about 60-90% of the 
individual’s capacity. When there is increased oxygen consumption at a cellular level, there 
is a consequent increase in blood carbon dioxide. This is detected in the respiratory centre 
in the brain stem, which initiates an increase in the rate of respiration. 
 

Disorders of the Respiratory System 
Viral infections 
E.g. colds and influenza 
 
Allergic rhinitis 
This is an inflammation of the nasal mucosa due to an allergy, e.g. house dust mite, pollen 
cats and feathers. 
 
Sinusitis 

This is an inflammation of the frontal and/or maxillary sinuses; it can be caused by allergy 
infection or stress.   
 
Asthma 

Asthma is a general term for difficulty in breathing. Bronchial asthma is the result of the 
constriction of smooth muscles in the bronchial and bronchiolar walls, accompanied by 
inflammation and excess mucus secretion. The condition has various causes including 
exercise, stress, idiopathic and  caused by an allergic reaction. Medication allows the 
smooth muscle to relax (Ventolin/Salomol) and suppression of inflammation (Becotide). This 
is not to be confused with cardiac asthma (see later). 
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Pneumonia 

Pneumonia is the term generally used to indicate infection and inflammation of lung tissue. It 
can be caused by a number of factors – chemicals, bacteria, viruses, protozoa or fungi –but 
the usual infective agent is a Streptococcus bacterium. Pneumonia most readily attacks 
people who are already weakened by illness or whose lungs are damaged. 

 
Bronchitis 

This is general term denoting inflammation of the bronchi and can be caused by a bacterial 
infection. It is usually preceded by a common cold or influenza or may complicate measles 
or whooping cough in children. 

 
Emphysema 

This is a dilatation of the terminal bronchiole. This with a breakdown of the walls separating 
the alveolar sacs, resulting in a bulla, has various effects of the respiration of the person. It 
causes persistent dyspnoea. The normal arrangement of alveolar sacs creates very small 
spaces which can be held open by the nature of the lung and by the surface tension of the 
fluids; however, with the formation of bullae, these will have a tendency towards collapsing. 
Because of this the person will artificially maintain an increasing chest capacity, using all the 
accessory muscles of respiration. There is reduced tidal volume, an increased chest 
diameter and a constant need  for medication. There is a genetic disposition to this 
condition. 

 

Cystic fibrosis (CF) is an inherited chronic disease that primarily affects the lungs and 
digestive system of about 1200 children and adults in the Ireland (70,000 worldwide). A 
defective gene and its protein product cause the body to produce unusually thick, sticky 
mucus that:  

 Clogs the lungs and leads to life-threatening lung infections 

 Obstructs the pancreas and stops natural enzymes from helping the body break 
down and absorb food 

 Bile secreted by the liver to aid in digestion may block the bile ducts, leading to liver 
damage. Over time, this can lead to scarring and nodularity (cirrhosis) 

 

Chronic Obstructive Pulmonary  Disease 

Previously known as chronic obstructive airways  disease, this is a term that includes the 
chronic respiratory disease processes listed above. 
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The Circulatory System 

 
The circulatory system consists of the heart and the vascular system: 

 Arteries, arterioles, capillaries 

 Capillaries 

 Venules, veins 

 Lymphatics  

 Blood 

 Lymph 

Its function is to transport gases, cells and chemicals around the body. It actually consists of 
two circulations: one taking blood to and from the lungs (pulmonary circulation) and to and 
from the body (systemic circulation) 

 
Figure 204 - Cardiovascular system 

 
The blood is transported in a continuum of vessels. All vessels going away from the heart 
are called arteries; all vessels going towards the heart and called veins 

Arteries  

These are tubes that have a strong muscular wall. They have three layers: 

 Tunica interna  (endothelial layer) 

 Tunica media  (muscle layer) 

 Tunica Externa or adventitia (fibrous connective tissue)  
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Arterioles 

These are very small arteries that delivery blood to the capillaries. The main difference 
between these and arteries is that the flow in arterioles is non-pulsatile  

 

Capillaries 

These are microscopic blood vessels whose walls are only one cell thick. It is here where 
the exchange of gases and other materials between the blood and tissues takes place.   
 
Venules and veins 

Venules are small vessels that continue on from the capillaries and merge to form veins. 
Their structure is similar to an artery, but the tunica interna and media are thinner; the lumen 
of a vein is also larger than a compatible artery. Veins also have valves to prevent backflow 
of blood. 

 
Lymphatics 

These vessels are similar to veins in structure, but with thinner walls and more valves. They 
begin as blind ended tubes with pressure sensitive valves,  only allowing fluid in. 
 
  

Figure 205 - Structure of arteries and veins 
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The Heart 

The heart is a roughly cone shaped, hollow muscular organ. It is about 10cms long and is 
the size of the owner’s fist. The heart is located in the thoracic cavity between the lungs 
(mediastinum). It lies obliquely and a little more to the left than the right. 

 
Structure of the Heart 

The heart is formed of three layers. 

 Endocardium  is the epithelial layer  that lines the cavities of the heart and is 

continuous with the lining of the blood vessels. 

 Myocardium  is a strong layer of cardiac muscle  making up the bulk of the heart. It 

is supplied with blood by the coronary arteries and is drained by the coronary veins 
and coronary sinuses. 

 Pericardium  is an outer covering of connective tissue  and serous epithelium. It 

forms a double layered sac enclosing the heart.  

 
Internal structure of the Heart 

The cavity of the heart is divided into four chambers. A vertical partition called the septum 
divides the heart in two. Each side is further divided into a thin walled atrium above and a 
thick walled  ventricle  below. The valve separating the right atrium from the right ventricle is 
called the tricuspid valve  (3 flaps). The valve separating the left atrium from the left ventricle 
is called the bicuspid valve  or the mitral valve  (2 flaps). The valves prevent regurgitation of 
blood from the ventricles into the atria. Attached to these valves are fine tendinous cords 
(chordae tendinae)  which insert on the free border of each flap and originate in small pillar of 
muscle projecting from the ventricular wall (papillary muscles). 
  

Figure 206 - Cross section through the heart 
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The Flow of Blood through the Heart 

 
See the heart as a continual flow mechanism, with a pump in it. The two largest veins in the 
body, the superior and inferior venae cavae, empty their contents into the right atrium. This 
deoxygenated  blood flows  through the tricuspid valve into the right ventricle.  

 
The atrium contracts and pushes more blood into the right ventricle. Essentially, they are 
both filling up with blood, and the atrial contraction pushes that bit more  blood into the 
ventricle, stretching the muscular wall a bit to facilitate a more powerful contraction there.  

 
When the right ventricle contracts the blood  is pumped into the pulmonary artery (the only 
artery in the body to carry deoxygenated blood). The pulmonary valve (tricuspid valve) 
guards the opening of the pulmonary artery, to prevent any backflow into the heart. After 
leaving the heart, the pulmonary artery divides into the right and left pulmonary arteries; 
these then carry the blood to each lung where an exchange of gases take place.  

 
The  now oxygenated blood is carried from the lungs in two pulmonary veins that empty 
their contents into the left atrium. The same flow and contraction situation occurs here, the 
atrium pushing it  through the bicuspid valve into the left ventricle. From here it is pumped 
into the aorta, which is guarded by the aortic valve.   

It is important to see that the heart works as a unit, with both atria contracting at the same 
time, and similarly both ventricles contracting both at the same time.  

Conduction system in the heart 

 
Cardiac muscle, and its rhythm, is unique in that it has its own inherent rhythm without an 
internal nerve supply. It receives a nerve supply form the ANS, which can affect its rate, but 
remember cardiac muscle is inherently myogenic and has its own rhythm anyway. In fact the 
atria and ventricle have different rates of contraction, but the overall rhythm is controlled by  
the sino-atrial (SA) node at the top of the right atrium. It is specialized muscle tissue which 

depolarizes faster than all the others, hence defines the rhythm.  It is from the SA node  that 
the impulse flows over the surface of the atria and down special conduction pathways to the 
apex of the heart. Likewise these pathways are not nerves but specialized muscle fibres  
(Purkinje fibres). This ensures that the atria contract from the top down and the ventricles 
contract from the bottom up. 

 

Figure 207 - Schematics of Conduction Pathways in 

the Heart 
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This design of conduction pathway matches the direction of contraction of the cardiac 
muscle. The end result of all this is that blood is 'wrung' out of the heart and not just 
squeezed. 
 

Heart Sounds 

 
Two sounds are produced in quick succession in each cardiac cycle. These are followed by 
a brief pause before being repeated in the next cycle. Through the stethoscope the heart 
sounds are heard as a lubb-dupp, and are produced by closure of the heart valves. The first 
heart sound is produced by the closing if both atrioventricular valves just before ventricular 
systole (contraction). The second heart sound is produced by the closing of the aortic and 
pulmonary valves just before ventricular diastole (relaxation). Another way of ‘seeing’ this is 
by the electrocardiogram (ECG), which is ‘looking’ at the heart, via an electronic telescope . 

 The P wave is the wave flowing over the top of atria, contracting them from the top 
down 

 The QRS complex is the impulse passing down the Purkinje complex to the apex of 
the heart, causing them to contract from the apex up towards the pulmonary artery 
and aorta 

 The T wave is the period of rest (diastole) when the muscle repolarises itself, ready 
for the next contraction (systole). 

 

   
Figure 208 - ECG with Stages of Cardiac Cycle 
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Arteries & Veins 

Arteries are thick walled vessel to withstand the pressure inside . They divide in smaller 
arteries and then, finally,  into arterioles; the smallest vessels of all are capillaries. The walls 
of capillaries are only one cell thick; this allows  gases to pass across them.  

  

 
Figure 209 - Schematic Showing Continuance of Arteries - Capillaries - Veins  

The capillaries  come together to form small 
vessels called venules, which link together to form 
veins and finally arrive back to the superior & 
inferior vena cava and drain into the right atrium. 
Veins have thinner walls than arteries and can 
only tolerate low pressures.  

This point presents a problem in getting blood to 
flow against gravity up from the legs. The solution 
is that veins have valves in them to stop backflow 
and to break up the head of pressure; in addition 
to this, they are wrapped up between the muscles 
the contraction of which squeezes the veins, 
acting as a secondary pump.  

   Figure 210 - Calf Pump 

 

 Blood Pressure 

 
It has already been said that arteries and veins are essentially different in structure.  

Arteries have thick muscular walls to withstand the pressure, but as one quality of muscles 
they are elastic and allow for expansion. This allows for a continuous, pulsatile flow, in the 
arteries, ending  in a non-pulsatile  flow of blood  through to the capillaries. 

 
F α r4 
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This formula represents the flow of a gas or fluid along a tube  at a continuous rate. The rate 
of flow along a tube is proportional to the 4th power of the radius of the tube. Basically this 
show that  a very small  change in the radius results in a very big change in the rate of flow.  

 

In normal circumstances, when the heart contracts it pushes a fixed volume of blood into a 
tube. It is the muscular elasticity of the wall that allows it to expand to accommodate this 
volume of blood. The healthy tonus  of the wall then gently contracts to push the blood on 
(almost as a secondary pump); this can be felt as the 'pulse'. If, however,  there is an excess 
tension in the arterial wall, it will act to reduce the rate of flow and increase the pressure 
therein (hypertension- high blood pressure)  and the heart will have to work harder to push 
the blood through the arteries.  This is occurring especially in hardening of the arteries 
(arteriosclerosis). Here there is little or no elasticity of the larger vessels and so  no 
accommodation in them. So imagine the work the heart has to do to expel all the blood  (and 
how it feels about it?). 

Blood pressure  may be defined as the force,  or the pressure, which blood exerts on the 
walls of the blood vessels.  There are two pressures measured:    

 

 Systolic blood pressure – this is when the left ventricle contracts and pushes blood 

in to the aorta; i.e. it is the maximum pressure  experienced by the arteries. In adults 
it is about 120mmHg. 

 Diastolic blood pressure – this is when the heart is resting, following the ejection.  

The same principle  of flow applies to veins. Veins have a much thinner wall, with much of 
blood.  It is sometime arbitrarily called the minimum, but it is really the resting the pressure in 
the artery. In an adult this is about 80mmHg. These figures vary according to the time of the 
day, state of mind, fitness, health less muscle but more fibrous tissue. As there is no pump, 
per se, there is no pulsatile motion of the blood, only continuous flow. However, the same 
mathematics regarding flow applies.  Hence if the  fibrous tissue stretches due to excess 
pressure, or if there is valve failure, the radius of the vein increases and the flow decreases. 
If the flow gets too slow then the blood can coagulate and form a clot (thrombus). This can 
eventually occlude a vein.  The function of the valves is to prevent backflow, but they are 
also there to break up the head of pressure; blood has to get from the leg back up to the 
heart again, without an in-built pump. Hence the body puts in valves to break up the head  of 
pressure, so no part of the vain will 
need to experience any significant 
pressure. The body tries to help this, by 
creating a calf pump 

 
 

Figure 211 - Calf Pump Muscle Action 
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Composition of Blood 
 

  
 

Figure 212 - Blood Cells and Their Origin in the Bone Marrow 

Blood has the function of delivering oxygen, nutrients, hormones and enzymes to all parts of 
the body; and of removing carbon dioxide and waste products from them. It also regulates 
pH, body temperature, prevents haemorrhage and combats disease.  

 
Blood contains different cells, which have different functions.  

 Erythrocytes  (red cells) - carry O2 and CO2 via haemoglobin. 

 Leukocytes (white cells) – concerned with defence against foreign matter. 

 Platelets – concerned with coagulation (clotting) of blood. 
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The Lymphatic System 

 
The lymphatic system consists of thin walled vessels starting as blind-ended capillaries. Like 
veins it has valves to ensue unidirectional flow. Generally, it has two functions: 

 Drains excess fluid from the interstitial space (in the tissues) and returns it to the 
cardiovascular system (via the subclavian veins) 

 It is involved in the production and maturation of lymphocytes, therefore has an 
important role in the workings of the immune system 

 
There is a close relationship between the lymphatic system and blood, which is reflected in 
their similar function and fluid movement. 

 
Lymph 

 
Lymph is a transparent, colourless or slightly yellow liquid that is formed in the tissues. It is a 
fluid that normally occurs in the interstitial (extravascular, intercellular) space. Blood in the 
capillaries loses fluid into the tissue spaces around them. This exudate forms the lymph. It 
has two main functions: 

 It provides nutrients to the cells, and 

 Removes waste products 

 

 
Figure 213 - Schematic of Vascular System 
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There are various factors that allow fluid to escape out to the interstitial space: 

 Arterial pressure; here greater than osmotic pressure (with the osmotic pressure 
pulling the water back in again) 

 Capillary permeability 

 Balance of extracellular sodium and intracellular potassium 

 Volume of water in the body 

 
There are various factors affecting fluid draining away from the interstitial space: 

 Osmotic pressure greater than venous pressure 

 Capillary permeability 

 Patency of veins and lymphatics 

 
Lymph passes into the lymphatics. These start as lymph capillaries, then accumulate and 
drain into the lymph nodes (see later).  

These nodes are  

 Important sites of immune response  

 Contain lymphocytes. These recognize any foreign bodies and respond  to it as 

necessary.  

If there was an infection, e.g. in a limb; the infection would drain into the lymphatic system 
and thence to the regional lymph nodes. Here the lymphocytes would recognize the foreign 
material and institute an appropriate immune reaction. It would also cause a generalized 

systemic reaction, sending immune cells to the site of infection. Hence there is a local 
reaction at the site of infection, a reaction at the local draining lymph nodes to prevent 
infection passing into circulation, and a generalized systemic ‘alarm’ of some immune cells 

to check if any did get past the local defences.  

 
Lymphatics have valves, like veins, to prevent 
backflow; they all converge into two main 
channels: 

 Thoracic duct: from the head, neck, 

chest, left arm and all the body below the 
diaphragm 

 Right thoracic duct: upper right side of 

the body 

 
Figure 214 - Schematic Showing Areas of Body draining into 

Right and Left Subclavian Veins 
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Disorders of the Circulatory System 

 
Anaemia - The term anaemia implies a reduction in the oxygen carrying capacity of the 

blood. It may be primary, but frequently is secondary to some other disorder, like a dietary 
deficiency. Signs and symptoms include general fatigue, shortness of breath,  anorexia, 
pallor, headache, faintness, and palpitation.   

 
Figure 215 - Symptoms of Anaemia 

 

 

 

It can be caused by: 

 
 Iron deficiency 
 B12 or B9 deficiency  

(pernicious anaemia) 
 Genetic disorder  

(sickle cell anaemia, 
thalassemia)  

 Blood 
loss (haemorrhagic) 
possibly from 
bleeding from the gut 

 Abnormal blood 
breakdown 
(haemolytic) 

 

Iron deficiency anaemia  

can be caused by: 

 An  insufficient dietary intake 

 Chronic  or acute blood loss 

 Impaired  intestinal absorption 

 An  increased requirement 
 

Pernicious anaemia  (Vitamin B12 deficiency/Addisonian Anaemia)  which is treated with 

intramuscular injections of B12,  
Due to:  

 Non-absorption of vitamin B12  
o From the body not producing intrinsic factor from the parietal cell in the stomach, 

hence the complexes do not form and so B12 is not absorbed. 
o Irritable bowel disease or syndrome, affecting that part of the small intestine 

where B12 is absorbed  

 Rarely, inadequate dietary intake. 

 Inadequate vitamin B9 (folate): B12 and B9 activate each 
other in the body 

 

Sickle Cell Anaemia 

This is caused by a genetic defect and results in 
polymerisation of the haemoglobin, causing the red blood 
cells to turn into a rigid sickle shape. This can cause the cells 

Figure 216 - Sickle cell anaemia 
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to jam and block small capillaries; causing the sufferer great pain. 
    

Leukaemia 

This is a disease in which there is excessive uncontrolled production of leukocytes in an 
immature (blast) form. They continue to proliferate and remain immature and are unable to 
perform their normal functions. The disease is classified according to which type of 
leukocyte is involved and whether it is acute or chronic. Acute leukaemia is seen most 
frequently in children and young adults. 

 
Acute Cardiac Failure 

A sudden reduction in the output of blood from both ventricles causes acute reduction in the 
oxygen supply to all the tissues. Common causes are 

1. Severe damage to an area of cardiac muscle 
2. Pulmonary embolism. 
3. Severe cardiac arrhythmia. 
4. Severe malignant hypertension. 

 

 

Ischaemic Heart Disease 

A narrowing or obstruction in 
the coronary arteries reduces 
the blood supply to the 
myocardium. This results in a 
deficiency in oxygen and 
nutrients to the muscle. Acute 
myocardial infarction is the 
most serious and acute form 
of ischaemic heart disease. A 
coronary artery becomes 
blocked and the myocardial 
area, which it supplies, suffers 
oxygen deficiency and 
necrosis. The occlusion may 
be preceded by angina or it 
may occur suddenly without 
any warning. 

 

 

 
Figure 217 - Ischaemic Heart Disease 

 

 

 

 

Deep Venous Thrombosis (DVT) 

 
A thrombus  (static blood clot) usually occurs in the deep veins of the lower limbs. It can 
occur if there is inadequate blood flow through the veins. Here the slow blood flow causes 
stasis and blood clotting. It can have serious complications: 
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 Pulmonary Embolism - an embolism is a mobile blood clot, and can occur if a piece 

dislodges, or breaks of a larger clot; form here it will pass up the veins (their 
diameter getting larger) and then enter the pulmonary arteries (now getting smaller) 
where it can jam and block 

 Post-phlebitic syndrome – p h l e b i t i s  i s  a n  i n f la m m a t i o n  o f  a n  a r t e r y  

a n d  consists of oedema, pain and skin changes due t o destruction of venous 
valves. 

 

  
Figure 218 - DVT - Deep Venous Thrombosis 

Phlebitis 

Inflammation of veins; causing pain and heat usually below the knees  
 
 
Aneurysm 

This is a weakened section of an artery or vein 
that causes it to bulge. If this ruptures it can 
cause sudden death.  

 
Figure 219 - Aortic Aneurysm  

 

 

 

 

 
 

 

AIDS  (Acquired immunodeficiency syndrome)   

A condition thought to result from infection from the Human Immunodeficiency Virus (HIV), 
which is carried in bodily fluids and can be transmitted by blood semen and cervical fluids. 

 

Haemochromotosis 

A condition where there is too much iron in the body. It results in iron being deposited in 

the tissues, especially the liver and pancreas; it results in a bronze colouration of the skin. 
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Haemophilia 

A genetic disease is sex linked and carried by both sexes but only symptomatic in men; the 
man lacks a clotting factor in his blood and thus his blood cannot clot. 

 
Septicaemia 

Blood poisoning from infection 
 
Haemorrhoids 

Dilatation of the veins around the 
rectum and anus; can be caused by 
liver disease or by constipation 
(straining). 

 
Figure 220 - External Haemorrhoids 

 
 
Arteriosclerosis 

Hardening of the arterial blood vessel wall; this 
reduces it compliance. 

 
Figure 221 - Arteriosclerosis 

Atherosclerosis 

A build-up of fat (cholesterol and triglycerides) on the 
inner surface of the arteries; it can upset laminar flow 
and predispose to clot formation. It can even lead to 
necrosis and death of the tissue it supplies; this is 
especially significant if it occurs in the coronary blood 
vessels of the heart. These two terms are frequently 
interchangeable.  
     

Cardiovascular Accident (CVA)  

Also known as a stroke, it is a bleed 
from a blood vessels or a blood clot in 
an artery causing part of the brain to 
deprived of oxygen; this causes that part 
of the brain to die. 

 
Figure 222 - Section of Brain Showing CVA - 

Stroke 

 

 

Hypotension 

Low blood pressure. This can be 
significant just in terms of getting up, 
resulting in dizziness if fainting. If it occurs in the heart the myocardium can die; the blood 
can only supply the myocardium during diastole (in between beats when the heart muscle is 
at rest) but if the pressure is insufficient a myocardial infarction can occur. 
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Hypertension 

This is high blood pressure. There are two types: 

 Primary (no known reason) 

 Secondary (from a secondary identifiable cause, e.g. renal insufficiency, 
phaeochromcytosis (an adrenal tumour secreting too much adrenaline) 

 

 

Angina pectoris 

Acute pain in the chest from reduced blood flow to the 
cardiac muscle; it may or may not be associated with 
coronary heart disease.  

 
 

Arrhythmias 

Irregular heartbeat. It can be from an irregular sinus 
rhythm or a blockage affecting the conduction pathways 
in the heart 

 
 

Infective endocarditis 

This is an inflammation of the membranes lining the 
inside of the heart 
       

  

 
 
 
Varicose Veins 

These are areas of dilatation along a vein. 
They can be caused by valve failure, 
pathology elsewhere (e.g. haemorrhoids 
and oesophageal varices from hepatic 
congestion), or can run in families. They 
appear as ‘lumpy, blue’ areas.   

 
Figure 224 - Varicose Veins 

 
 

  

Figure 223 - Angina symptoms 
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The Immune System 

 
The immune system consists of all the tissues, cells (functioning in those tissues and in the 
blood) and chemicals produced by those cells. 

 
Figure 225 - Origin of Blood Cells 

 
Tissues involved in the immune system 

 
Lymphoid tissue: 

Bone Marrow: 

 Red marrow –  found mainly in flat  bones (skull, sternum, ribs) and the ends of long 
bones 

 Yellow marrow – found in shafts of long bones; consists primarily of fatty tissue, but 
can change in red if required (e.g. in anaemia  when more red blood cells are 
needed) 

 
Stem cells: 

 These occur in the bone marrow 

 These can do anything they need to do 

 They have unlimited capacity to reproduce to produce  
o More stem cells  
o Specialised replacement cells (i.e. another specific type of cell) 
o All the red and white blood cells 

 Stem cells are present in all tissues and reproduce and specialise as required 



 

 

Compiled by Laurence Hattersley 2016 

150 

 

 They persist throughout  

 

Thymus: 

The thymus is a lymphoid gland that produces T-cells. 
These are concerned with removal of abnormal cells: 
intracellular infection, grafts, and viruses 

 Retrosternal (behind sternum) 

 Described as the immune university 

 Is present at 8th week of foetal gestation 

 Here, immune cells are taught to recognise 
antigens (Ag) 

 Antigens can’t get in to the thymus; they (or 
fragments of them) need to be presented by 
other immune cells  

Figure 226 - Thymus Gland 

 Spleen: 

 Under diaphragm; on the left, up and behind the stomach 

 It filters the blood and, if abnormal cells/chemicals are detected, they are removed 

 Detects blood infections 
 It collects and moves lymph from the tissues back to the venous system for  
 En- route, the lymph passes through the lymph nodes/tissue 
 Lymph nodes contain white blood cells which scan and check the lymph as it flows  
 Any infection (draining from the infection site) will create a reaction in the lymph  
 Lymphoid tissue in the Gastrointestinal Tract are localised in areas called  Peyer’s 

patches (about 70% of the body's immune system is in the gut) 

 

 

Lymph nodes: 

These are swelling found along the course of the lymphatics  

 They are found as part of lymphatic system circulation (entering the blood system at 
the subclavian veins) 

 They through nodes resulting in swelling (lymphadenopathy) 

 They occur in the gut as Peyer's patches (aka MALT – mucosal associated 
lymphoidal tissue), which helps deal with ingested infections. 

Figure 227 - Spleen 
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Figure 228 - Lymph Node 

 

The lymph node receives lymph via the afferent lymph vessels. It then passes through the 
follicles, which contain the leucocytes. It is here where the immune cells are found. These 
are very 'touchy-feely' cells, ‘scanning’ for any foreign matter  and an immune reactions 
takes place to prevent it spread to the  general body.  Here, though, can be included the 
appendix and tonsils also. 

 
The  overall function of the immune system is to help maintain homeostasis by protecting 
the internal environment of the body from invading organisms  or potentially toxic 
chemicals.  

 

 

Before the immune system becomes  involved, the body has physical barriers: 

 

Skin -  2 square metres 

Mucous membranes -  400 square metres 

 

If anything does invade the internal environment of the body, an immune reaction will occur. 
The function of this immune reaction is to remove the foreign substance and re-establish 
homeostasis.   
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There are two stages of the immune reaction: 

 Innate 

 Adaptive 

 
Innate 

This is a general non-specific reaction, i.e. acute inflammation, and occur s  external to the 
cells. It is immediate (i.e. within seconds), and is the beginning of a chain of events. 
Effectively, something has happened to the body; the body doesn’t know what has 
happened and has to find out what that is and to elicit the appropriate healing reaction. 

 

This has five symptoms: 

a) Redness  
b) Heat 
c) Swelling (oedema) 
d) Pain 
e) Loss of function  

 
What chain of events now happens to cause this? 

 The blood vessels to the area dilate – more  blood to the area 

 The blood vessels away from the area constrict -keeping any foreign cells and 
material in the area, and causing swelling to dilute any potential toxins 

 Immune cells are there  and send out chemical messengers for more specific cells 

 Activation of immune cells there 

 Identifies the intruders  (foreign cells, material, chemicals) and takes information to 
the thymus gland (for example) for educational purposes 

 This reaction is  self-limiting  (or should be) 

The cells involved here are mainly the phages; macrophages and dendritic cells  in the 
peripheral tissues and monocytes and neutrophils in the blood.  The act of ‘eating’  foreign 
matter is called phagocytosis  (see later)  

 
Adaptive 

This is a specific response, i.e. it identifies the  invading organism (virus, bacteria and 
parasites), attacks and removes it via phagocytosis and antibody and chemical production 

All cells need things. They have binding sites on the cell surface to bind with whatever it 
needs; then a channel opens up, takes it in and then the channel is closed again. 

 
Viruses – Bind to a cell. To do this they must have a 'key' and achieve this by having a site 

that binds with the surface binding site on the cells. It then injects its DNA into it and then 
takes over the cell. They then use that cell to make more viruses. They can remain 

dormant for months/years until the conditions are ‘right’, however the body can’t see this 
because they are inside  the host cell. For viruses to survive they need to keep the host 
alive. 

 
Innate and adaptive responses are supposed to work hand in hand; therefore they need 
good and clear communication.  
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Figure 229 - Cells of the Immune Response 

Innate Adaptive 

Macrophages B-cells 

Dendritic cells T-cells 

Natural Killer Cells  

Monocytes  

Mast cells  

Eosinophils  

Basophils  

Neutrophils  

Complement System  

Cells have intelligence, as do proteins; they  can make decisions and the ability to act upon 
them. This action depends upon their function 

Phagocytosis 

Phagocytosis is the ability of certain cells to engulf other and destroy them internally. 

Cells that phagocytose: 

 Macrophages 

 Dendritic cells 

 Neutrophils 

 Monocytes  

Phagocytosis consists of: 

 Attachment (of the phagocyte with the bacteria) 

 Engulfment (ingestion – in a capsule/vesicle) 

 Digestion -by lysosomes 

 Excretion – occasionally bits can be recycled, else excreted. Also pieces of antigenic 

material are taken to the thymus for education 
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Some bacteria can avoid destruction by upsetting the system, e.g. Pneumococcus – resists 
attachment, therefore no breakdown 

Staphylococcus Aureus – resists digestion; the lysosomal enzymes eventually cause the 

death of the phagocyte, which then lyses and releases the Staph again. 

 
White Blood Cells 

White blood cells  c o u l dn ' t  b e  i de n t i f i e d  a t  f i r s t  un d e r  t h e  m i c r o s c op e ,  
t h e y  were first identified by the type of stain they took up. The names stuck, but it gives us 
no information as to their function: 

 
Neutrophils  (take up neutral stain)  

First line  of defence against bacterial 
infection 

 Phagocytosis 
 Phagocytose Ag/Ab complexes 
 Enzyme production (lysozyme)  - bacterial destruction 

Eosinophils  (take up acid stain)  

Leave blood capillaries and enter interstitial 
fluid 
Combats inflammation in allergic responses 

Effective against parasites  

High Eosinophils count suggests allergic reaction or parasitic 
infection 

Basophils  (take up alkaline stain)  

These are also involved in allergic reaction 
and inflammation.  

Leave capillaries and enters tissues 

Liberates heparin, histamine, serotonin  (5HT), which intensify the 
allergic reaction,  therefore involved in allergic reactions 

Monocytes  

Take longer to get there, compared to Neutrophils, but arrive in 
larger numbers. Develop into macrophages and pass out into the 
peripheral tissues: 

Their primary function is Phagocytosis 

 Bacteria etc.  

 Clear up cellular debris 

 
Lymphocytes 

Types: B, T and Natural Killer Cells 
(NKC) – all major combatants in 
immune response: 

 B cells change into plasma cells; produce antibodies 
against bacteria and toxins 

 T cells; attack intracellular infections, viruses, fungi, 
transplanted cells,  cancers and some bacteria 

 Natural Killer Cells; attack wide variety of infectious 
microbes and certain spontaneously arising tumour cells  

Figure 230 - Neutrophil 

Figure 231 - Eosinophil 

Figure 232 - Basophil 

Figure 233 - Monocyte 

Figure 234- Lymphocyte 
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Natural killer cells  

 
The vesicles in their cytoplasm have chemicals that 
promote blood clotting 
Their life spans are 5 –9 days 
and are  removed by 
macrophages in the liver 
 
WBC and other nucleated body cells have proteins 
called Major Histocompatibility 

(MHC) antigens, protruding from the surface plasma membrane  out  into the extracellular 
fluid cell identity markers. These are unique to each person (except identical twins). RBC 
have blood group antigens, but don’t have MHC antigens.  

The MHC define whether a transplant is rejected or accepted.   

WBC can only phagocytose a certain amount of material before it interferes with its own 
metabolic activities, hence its life span is only a few days; with a bacterial infection, but a few 
hours. Some B and T cells remain in the body for years. 
 
Leucocytosis   

This is an  increase in the numbers of WBC with a normal protective response to stresses: 
invading microbes, stress, exercises, anaesthesia and surgery; hence it indicates infection 
or inflammation. Because each cell has a different function, assessing relative numbers 
indicates what sort of infection it is.  

 
Leucopenia 

An abnormally low WBC count. Never beneficial; because of radiation, shock, 
chemotherapy. 

 
WBC develop in red bone marrow: 

 Lymphoid stem cells – T and B cells 

 
Platelets 

 

 

From 
Pluripotent stem cells 

Myeloid stem cells develop into  megakaryoblasts, 
which then develop into megakaryocytes. These are 
huge cells the splinter and fragment into 2-3000 
fragments and enter the bloodstream as platelets. 
They have no nucleus. They are involved in blood 
clotting by creating a platelet plug from where the 
blood clot forms. This seals the wound and stops bleeding 

 
Oedema 

This is an excess of fluid in the tissues and arises because there in an increase of fluid 
leaking out of circulation. It occurs in inflammation 

 
 
 

Figure 235 - Natural killer 
cells 

Figure 236 - Platelets from megakaryocyte 
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Causes of oedema: 

1. Increased capillary permeability from: 
a. Allergy, general or local. If general, it tends to be in the upper half of the body.  
b. Other symptoms: runny nose, sneezing, wheezing, diarrhoea, urticaria. 
c. Inflammation 

2. Increased sodium in extracellular space 
a. Increased sodium in food/drugs 
b. Disturbed sodium/potassium balance caused by some kidney disorders 

3. Increased fluid volume: 
a. Usually secondary to increased sodium levels 
b. Water retention because of kidney problems, leading to decreased urine 

output 
c. Hormonal imbalances (premenstrual water retention, HRT or oral 

contraceptives) 
4. Decreased plasma osmotic pressure  because of decreased protein in blood 

a. Kidney disease leading to loss of blood protein (in urine). Oedema here is 
general 

b. Liver disease leading to reduced protein production and low blood protein 
c. Malnutrition – low protein intake 
d. Malabsorption of protein, despite normal diet, e.g. coeliac disease. 

5. Reduced flow in lymphatic and venous system: 
a. Venous blockage because of thrombosis/tumour. This will cause unilateral 

oedema,  
b. and with thrombosis the affected limb is painful and swollen 
c. Varicose veins because of defective valves. This can be bilateral with blue  
d. Distended varicosities. May be coloured skin over the ankles 

6. Lymphatic system blockage because of tumour or parasitic infection (elephantiasis).  
a. Here the oedema in non-pitting with possible lymphatic gland enlargement. If 

it  a tumour, the oedema is one-sided. 

 
Disorders 

To understand disorders of the lymphatic system, it helps to: 

 list the main structures of the lymphatic system 

 state the main groups of lymphatic glands in the body 

 describe areas that drain to these main glands 

 describe the functions of the lymphatic glands as related to the immune system –
lymphocyte production and development 
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Lymphatic gland enlargement: 
 
Mild cases 

Acute inflammatory diseases, e.g. tonsillitis 

Chronic inflammatory disease, e.g. glandular fever 

Lymphoma:  t w o  t y p e s :  

 Hodgkin’s 

 Non -Hodgkin’s (see below) 

Lymphosarcoma 

Leukaemia 

 

Severe cases 

AIDS – Acquired immunodeficiency syndrome 

Here a person experiences a tell-tale assortment of infections due to the destruction of their 
immune cells through human immunodeficiency virus. AIDS is the end-stage of HIV. A 
person with HIV could be symptom free for years, even though the virus is active. In the 20 
years after the first cases where reported in 1981, 22 million people died of AIDS.  

Worldwide up to 40 million people have HIV. 
 
Allergic reactions 

People frequently confuse allergy with 
intolerance; an allergic reaction will cause 
severe distress or be life-threatening. 
Common allergens include certain foods: 
milk, peanuts, shellfish, eggs, antibiotics, 
(penicillin, and tetracycline),  vaccines 
(pertussis, typhoid), venoms (bee stings, 
wasp, and snake), cosmetics, plants 
chemical (poison ivy, pollen, dust, moulds) 
and even microbes.  

  

 

 

 

 

 

 

Figure 237  - Tonsillitis 
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Infectious mononucleosis 

This is an infectious disease caused by the 
Epstein-Barr virus (EBV). It occurs mainly in 
children and a young adult via intimate oral 
contact – hence is also called the ‘kissing 
disease’.  

 
   
 
 
 
 
 

 

 
Figure 238 - Infectious Mononucleosis 

 

 

 

Lymphomas 

These are cancers of the lymphatic organs. Most have no known cause; includes Hodgkin’s 
disease and non-Hodgkin’s lymphomas. 
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Systemic Lupus Erythematosus  (SLE) 

This is a chronic autoimmune disease affecting multiple organ systems. It mostly occurs in 
females between the ages of 15 – 25, more often in blacks than whites. Its cause isn’t 
known.  Symptoms include joint pain, slight fever, weight loss, oral ulcers, enlargement of 
lymph nodes and spleen, rapid hair loss and a ‘butterfly rash’ across the cheeks and bridge 
of the nose. 

   

Figure 239 - Systemic lupus erythematosus 
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The Digestive System (The Gastrointestinal System) 

The Digestive System is the collective name used to describe the alimentary canal, some 
accessory organs  and a variety of digestive processes, which take place in the canal to 
prepare food taken in the diet for absorption. 
 

Figure 240 - Diagram of the Digestive System 

 

Digestion 

This is the process by which food is broken down so that it may be absorbed and  utilised by 
the body.  It is where large molecules are broken down into smaller ones. It should be 
understood in terms as the breaking down of macromolecules, polymers, into smaller units, 
monomers. The purpose of this is to create the basic building blocks of anything in the body. 

 
 

The basic functions  of  the gastrointestinal tract are: 

1. Ingestion- taking food into the body (eating). 
2. Movement  of food along the GIT by muscle action. 
3. Digestion – the breakdown of food by both mechanical and chemical means. 
4. Absorption – the uptake of digested food into the blood for distribution to the cells. 
5. Defaecation – the elimination of indigestible substances from the body. 
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Organs of the Digestive System 

 
Alimentary Canal– This is a tube of at least 7 metres  length, through which food passes. It 

consists of the mouth, pharynx, oesophagus, stomach, small intestine, large intestine, 
rectum and anus;  even though it is entirely enclosed within the body, it is classified as an 
external environment (being a highly controlled one). These provide an enclosed 
environment for the mechanical and chemical breakdown of food. Mechanical breakdown is 
by the teeth and the muscular action of the wall of the GIT.  

 
Accessory Organs of Digestion – The accessory organs are located outside the alimentary 
tract. Their secretions pass along ducts to enter the tract. They consist of three pairs of 
salivary glands, the pancreas, the liver and the biliary tract. 

 
The Mouth 

The mouth is lined with mucus membrane and mostly surrounded with muscle.  

The  Teeth are embedded in sockets in the upper and lower jaws and are used to 
mechanically break down the food. There are the incisors (for cutting), the canines (for 
tearing), and the molars (for grinding). 

There are 3 pairs of salivary glands in the mouth, which secrete saliva. The flow of saliva is 
controlled by the autonomic nervous system in response to food in the mouth or to the sight 
or smell of food. Saliva is produced by three pairs of salivary glands (parotid, 
submandibular and sublingual), and contains the enzyme  salivary amylase, which is 
mildly alkali and begins the digestion of starches  to  simple sugars.  

 
Figure 241 - Salivary glands 

The Pharynx 

After mastication the bolus of food is pushed back into the pharynx, which is the space at the 
back of the mouth and nose) by the tongue. In the swallowing process a small flap called the 
epiglottis  covers the trachea to prevent food going down to the bronchi and lungs.  
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The Oesophagus 

The oesophagus is some 25cms long and lies on the  front of the vertebral column and 
behind the trachea and heart. It is lined with stratified, non-keratinised, squamous 
epithelium. It acts to protect the oesophagus by being rubbed off as the food moves past, 
but is replaced by more cells.  At its top end there is the cricopharygeal sphincter, to prevent 
air passing into the stomach with inspiration.  Once past the epiglottis  food is pushed 
through the GIT by peristalsis.  

 

 

This is a contraction of the circular muscle in the wall of the  gut; it is myogenic in nature and 
appears  as a wave moving along it, thus pushing the bolus of food  along. Just above the 
stomach  there is a ring of muscle called the gastroesophageal  (cardiac) sphincter, which 
prevents gastroesophageal reflux (heartburn). A sphincter is a ring of muscle, which acts to 
close an orifice. There are a few along the length of the GIT to prevent backflow and ensure 
flow in one direction. 

The Stomach 

 
 The stomach is a “J” shaped 
muscular sac (essentially a dilatation 
of the GIT), continuous with the 
oesophagus above  at the cardiac  
or gastroesophageal sphincter  
(lower oesophageal sphincter) and 
the duodenum below.  

 Figure 243 - The Stomach 

 

 

There are four  main areas of the 
stomach:  

 Cardiac 

 Fundus 

o The word fundus is 
used in a number of other bags or sacs in the body (e.g. the bladder, the gall 
bladder, the uterus) and is always the part furthest away from the exit 

  Body  

 Pylorus  

 

 

 

Figure 242  - Peristalsis 
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The cardiac area is the entrance to the stomach, the fundus is the top, and the pylorus is at 
the distal end; the main area for digestion is the pylorus, with the fundus and the body 
functioning more of a ‘hopper’, a waiting/storage area, for food prior to digestion. The 
muscular wall consists of three layers of muscle (longitudinal, circular and oblique) to churn 
the food and assist with the mixing of chyme  and enzymes; the muscles are relaxed when 
the stomach is empty and fold in upon themselves forming rugae. At the distal end of the 
stomach is the pyloric sphincter, which defines the end of the stomach and the beginning of 
the duodenum. It stays contracted until the food is sufficiently digested to be ‘passed on to’ 
the next section.  

The stomach wall contains gastric glands which secrete a clear  colourless fluid of high 
acidity (low pH) that contributes to chemical digestion and changes the food to a more fluid 
consistency. The gastric juices contain: 

 
Water – 97-99% 

 Mineral salts. Secreted by gastric glands. 

 Mucus – secreted by  goblet  cells in the glands and on the stomach surface. Mucus 

prevents mechanical injury to the stomach wall by lubricating its contents and 
prevents chemical injury by acting as a barrier  between the stomach wall and the 
gastric juices (remember, the stomach wall is essentially muscle – protein – and can 
be digested by the enzymes secreted into it).   

  Hydrochloric Acid  

o Acidifies the food and stops the action of ptyalin. 
o Kills many bacteria, which may be harmful. 
o Provides the acid environment needed for the effective  digestion by pepsin. 
o Pepsinogen - activated  into pepsin  by hydrochloric acid and this then begins 

the digestion of proteins breaking them up into smaller molecules. 
o Intrinsic factor – necessary for the absorption of vitamin B12. 
o Rennin – an enzyme which is important for the digestion of milk in children. It 

helps produce a milk curd, which allows milk to be retained in the stomach for 
longer while it is digested by pepsin. 

Figure 244 - The 4 regions of the stomach 
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o Gastric Lipase – this is produced in small amounts and begins the digestion of 
fats. 

 

The stomach empties its contents into the small intestine 2-6 hours after eating. The activity 
in the stomach is twofold 

 Mechanical 
o The action of the muscles in the wall of the stomach also contribute to further 

grinding of food 
o Enzymic breakdown  

 an  enzyme is a substance which acts as a catalyst, facilitating  the 
course of a reaction (here, the breakdown of large molecules into 
smaller ones) without being altered itself in the reaction (this means 
that it can used over and over again) 

Figure 245 - Enzymic Action 

 
The Small Intestine 

The small intestine consists of three main sections: 

 The duodenum 

 The jejunum 

 The ileum 

 

The Duodenum  

This begins at the pyloric sphincter  and ends at the ilio-coecal valve, where it joins the 
colon. It is a little over 5 meters long. It is 25cms long and curves around the head of the 
pancreas. The pancreatic duct and bile duct enter the duodenum at the sphincter of Oddi. Its 
main function is to neutralise the acids coming out of the stomach this being achieved by the 
Brunner's glands, which produce lots of bicarbonate.  
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Figure 246 - The Duodenum, with the Pancreas lying in its Loop 

The rest of the small intestine has a brush border on its inner layer of mucous membrane. 
The surface area for increased circular folds and by villi. Villi  (or singular – villus)  are 

microscopic finger like projections from the mucosal surface, lined with columnar epithelium. 

Figure 247 - Small Intestine with Brush Border Consisting of Villi 

They contain a network of blood and lymph capillaries into which nutrients are absorbed 
from the intestine. Between the villi are intestinal glands, which secrete intestinal juice, which 
further contribute to digestion. In the mucous membrane there are lymph nodes called 
Payer’s  Patches  which are essentially lymphoid tissue and help combat ingested infection.  
Acid chyme passes into the small intestine  where  it is mixed first with pancreatic juice  and 
bile  and then with intestinal juice. 
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Digestion in the Small Intestine 

 
Pancreatic Juice – This enters the duodenum at the ampulla of the bile duct. It is now 

strongly alkaline from the bicarbonate pumped out by the Brunner's glands and consists of; 

 Water. 

 Mineral salts. 

 Enzymes– Trypsinogen, pancreatic amylase  and lipase. 

 
Trypsinogen – this is activated by enterokinase (contained in the intestinal juice), which 

converts it into trypsin. This enzyme digests protein to peptides and amino acids. Pancreatic 
Amylase – This digests all remaining starches to simple sugars. 

Pancreatic lipase – This converts fats to fatty acids and glycerol. 

 
Bile – Bile is produced by the liver and released by the gall bladder. It contains; 

 Water. 

 Mineral salts. 

 Mucus. 

 Bile salts. 

 Bile pigment –bilirubin. 

 Cholesterol. 

The bile salts (acting like washing up liquid) emulsify the fats in the small intestine, i.e., 
reduce the size of the globules. Bilirubin is a waste product of the breakdown of erythrocytes  
in the liver. It is altered by bacteria in the intestine and excreted in urine and faeces. The 
presence of bile in the small intestine is also necessary for the absorption of Vitamin K (a fat 
soluble vitamin) 

 
Intestinal Juice – This is secreted by the glands of the small intestine and consists of water, 

mucus and the enzyme enterokinase  (activates trypsinogen). 

90% of all absorption takes place in the small intestine via the villi. The other 10% takes 
place in the large intestine. All digested sugars and amino acids are absorbed into the blood 
and are transported to the liver via the hepatic portal vein. All digested fats are absorbed into 
the lymphatic system and enter the blood stream at the right subclavian vein. 

 
The Pancreas 

The pancreas is a pale grey gland weighing about 60 grams and about 12-15 cm long. It 
consists of a broad head, a body and a narrow tail. It lies behind the stomach, the head lying  
in the curve of the duodenum, with the body and tail up and to the left towards the spleen. 
The function of the pancreas is to produce pancreatic juice. Throughout the substance of the 
gland are collections of a different type of cell. These cells form the Islets of Langerhans 
and will be covered more in the endocrine section.  They secrete the hormones insulin and 
glucagon, which pass directly into the blood and are  concerned with blood sugar regulation. 
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The Liver 

 
The liver is the largest organ in the body and is located just under the  ribs and diaphragm 
on the right of the abdomen.  It is supplied by 5 vessels: the hepatic artery and portal 
vessels from the stomach, spleen, pancreas, and small intestines. Its functions are; 

 Carbohydrate metabolism – the liver is a storage site for glycogen, and if the blood 

is low in glucose it will  break this down and release it into the blood.  Conversely it 
can take glucose out of the blood and store it as glycogen. It can also convert other 
sugars absorbed (fructose, galactose) to glucose, and can convert certain amino 
acids into glucose (in starvation), and lactic acid into glucose following anaerobic 
exercise. 

 Lipid metabolism – hepatocytes store some triglycerides; break down some fatty 

acids (for ATP synthesis); synthesise lipoproteins (to transport fatty acids, 
triglycerides and cholesterol to  and from the body’s cells);  synthesise cholesterol; 
and use cholesterol to make bile salts 

 Protein metabolism – hepatocytes synthesise most plasma proteins (globulins, 

albumin, prothrombin and fibrinogen); they also remove the amino group (-NH2) from 
amino acids so that they can used for ATP production of converted to glucose and 
fats; they also convert the toxic waste (from the –NH2) into urea, which is excreted in 
urine. 

 Processing of drugs and hormones -    the liver detoxifies substances such as 
alcohol. Or secretes drugs (penicillin, sulphonamides and erythromycin) into bile. It 
also inactivates thyroid hormones and steroid hormones like oestrogen and 
Aldosterone. 

 Excretion of bilirubin – bilirubin is derived from the haem (of haemoglobin) of old 
blood cells, absorbed into the liver and secreted into bile. Most of bilirubin in 
metabolised by the small intestine by bacteria (making the faeces brown and urine 
yellow) 

 Storage of vitamins and minerals -  the liver stores vitamins (A, B12, D, E and K) 

and minerals (iron and copper), which are released when needed. 

 Activation of vitamin D – The skin, liver and kidneys participate in the synthesis in 

the active form of vitamin D 

Figure 248 - Liver, showing its relations to gall 

bladder and stomach 



 

 

Compiled by Laurence Hattersley 2016 

168 

 

 

The Gall Bladder 

This is a pear shaped sac found under the right costal 
angle on the edge of the liver. Its function is to store 
and concentrate bile, which is made by the liver.  The 
bile duct connects the gall bladder with the duodenum 
at the sphincter of Oddi. Bile is pumped into the 
duodenum when fatty food is eaten. It acts to 
homogenise fats (break them down into very small 
particles; this create a very large surface for enzymes 
to digest the fats).  
 

Figure 249 - The Gall Bladder, Lying on the Underside of the Liver 

The Large Intestine 

 
Figure 250- The Large Intestine - Colon 

 

The large intestine begins at the caecum  in the right iliac fossa and terminates at the  
Rectum  and anus. Its lumen is larger than that of the small intestine, around which it forms 
an arch. 

  

The large intestine is divided into; the caecum (with the appendix attached) 

 The ascending colon 

 The transverse colon 

 The descending colon 

 The sigmoid  or pelvic colon 

 The  rectum   

It ends at the anus.  

The wall of the large intestine is supported along its length by circumferential taut bands, 
called haustra. The primary function of the large intestine is absorption of water. Of every 
1000mls that enter the  body, 90% is absorbed. 

There is an active  bacterial colony here (E. Coli, aka gut commensals)  which with we have 
a symbiotic relationship; they perform  various functions including the synthesis of Vitamins 
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B and K. 
 

Disorders of the Digestive System 

 
Heartburn  

 
This is caused by a reflux of the stomach acids back up into the oesophagus. As was said, 
the stomach produces mucus to protect itself from these acids, but the oesophagus has no 
such protection, so it is burned. This results in oesophagitis, or heart burn, experienced as 
retrosternal pain. If this condition persists it can predispose to cancer.    
 
Dyspepsia 

Subjectively known as stomach ache; it is commonly caused by eating too fast, or by eating 
foods ‘that don’t agree with you’. There can be associated factors like hyperacidity (too much 
acid), or an overactive muscle, causing spasms and cramps. 

 

Peptic ulcers 

This is when there is a breakdown of the 
protective mucosa lining the stomach. It is 
frequently associated with stress (Hans Selye 
[The Stress of Life] noted that there were always a 
trilogy of symptoms with stress: hypertrophy of the 
adrenal cortex, involution of the thymus and peptic 
ulcers), but can be associated with a bacterium –

Helicobacter pylori; this results in a bare area and 
cavity (an ulceration), usually on the lesser 
curvature of the stomach. They are diagnosed  by 
symptoms and barium meal (a contrast medium 
for X-rays). They are usually representative of 
long term stress, a chronic condition, and are slow 
in healing. 
 
 

Figure 251 - Heartburn; gastro-oesophageal reflux 

Figure 252 - Peptic (stomach) ulcer 
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Gallstones 

These are stones of crystallised cholesterol that form in the Gall bladder. They can cause 
symptoms locally, but mainly cause symptoms when they pass into the bile  duct, which can 
cause blockage; this can cause a back-pressure into the liver causing jaundice  and 
pancreatitis. They can cause 
pain locally (around the 
8th costal cartilage at the 
front), or referred pain in the 
right shoulder.  If severe they 
can be removed surgically. 
Though the gall bladder flush 

is a simple home remedy. 

 
Figure 253 - Gall Bladder Cut Open 

to Show Gallstones 

 

 Hepatitis 

 

 Hepatitis A  
(infectious hepatitis) – caused by Hep A virus from faecal contamination of food, toys, 
clothes, surfaces etc. by the faecal-oral route (ingested). It is a mild disease of 
children and young adults causing loss of appetite, malaise, nausea, diarrhoea and 
fever; jaundice then appears. It does not do any lasting damage 

 Hepatitis is an inflammation of the liver. Various types have been recognised: 
Hepatitis B  (serum hepatitis) – caused by hep B virus and spread by bodily fluids 
(blood products, unsterile syringes, sexual activity, saliva and tears).  It can be 
present for years or decades and can cause cirrhosis and cancer. People with it can 
become carriers (have it and can transmit it, but don’t have any symptoms). 

 Hepatitis C (non-A, non-B) – caused by Hep C virus; it is similar to B and is spread by 
contaminated blood products 

 There are hepatitis D and E as well – these are also of virus origin. 

 

Cirrhosis 

This refers to a liver that is distorted or 
scarred due to chronic inflammation. A 
lot of the functional cells are replaced 
by fibrous or fatty tissue. Symptoms of 
it include jaundice, oedema of the legs, 
uncontrolled bleeding, and increased 
sensitivity to drugs. It may be caused 
by hepatitis, certain chemical, 
parasites and alcoholism.  

 

 

 
Figure 254 - Cirrhosis of Liver 
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Diverticulosis 

This is a condition affecting the colon. In the area between the haustra can form an area of 
weakness, causing a section of the colon wall to prolapse outwards, this evaginations is 
known as  a diverticulum. If this becomes inflamed, it is known as  

Diverticulitis. It is usually a condition that affects older people, or who are less active. It 
suggests an increased tonus of the gut wall increasing pressure on the contents. 

 
 

  
 
Irritable bowel syndrome/disease 

A disease of the GIT in which a person reacts to stress showing symptoms like abdominal 
cramping and pain, constipation and diarrhoea.  The difference between the syndrome and 
the disease is that with the disease there are pathological changes on endoscopic 
examination. 

 
 Colitis 

Inflammation of the mucosa of the colon in which 
water resorption is reduced; it produces watery, 
bloody faeces, and dehydration and salt depletion 
in severe cases.  

 
Crohn’s disease 

An inflammation of the distal ileum and proximal 
colon.  

  Figure 256 - Crohn's Disease 

 
 
 
 
 
 

Figure 255 - Diverticular disease 
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Coeliac disease 

Coeliac disease is an inflammatory condition in the gut resulting from an allergy to gluten, 
the binding substance in wheat products (e.g. pasta and bread). The pictures here (below) 
show a section of normal gut with healthy villi. The other shows evidence of inflammation, 
with swelling and blunting of the villi.  

 

   
 

Figure 257 - Coeliac Disease, Showing Blunting of Villi from Inflammation 

Cancer 

Cancer can affect also any part of the GIT, of which benign ones are more common. Of the 
malignant types the most common is colorectal cancer, occurring low in the gut. It ranks 
second to lung cancer in males, and 
third to lung and breast cancer in 
females. These are many affecting 
factors, environmental and genetic for 
example; but protection has been 
suggested by use of  dietary  fibre, 
retinoids, calcium, selenium and other 
antioxidants.  

Signs and symptoms include: changes 
in bowels habits (diarrhoea, 
constipation), cramping, abdominal pain  
and bleeding (obvious or occult). Any of 
these should be investigated.  

 
Figure 258 - Cancer of the Large Intestine 
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The Endocrine System 

 
Figure 259 - Key Endocrine Glands 

 

Main points 

 The principles of the endocrine system 

 The major endocrine glands (i.e. not all) 

 The major hormones produced by these glands 

 The effects of those hormones 

 Disorders 

 
The body has two regulatory systems involved in the delivery of messages and the 
coordinating of bodily functions: the nervous and endocrine systems.  The nervous system 

affects the body’s functions through impulses delivered down neurons.  The endocrine 
system, however, affects the body’s activities via chemical messengers (hormones) released 
directly into the blood.  As they are released into the blood, they can influence virtually every 
cell in the body and, generally speaking, have the effect of changing the body’s cellular 
activity. 

 
Whereas the nervous system is fast (acting over a few milliseconds), hormones can take up 
to several hours to affect a response;  also the effect of hormones is much more sustained. 

 

The endocrine system has 3 distinguishing features: 

1. The speed of response is slow 
2. Information is conveyed to the target tissue by a third party – the hormone 
3. The endocrine system is self-regulating; i.e. it feeds back on the secreting gland, 

controlling the amount of hormone in the blood. 
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The main endocrine glands are: 

1)  Pituitary  

2)  Thyroid 

3)  Parathyroid 

4)  Suprarenal 

5)  Pancreas 

6) Ovaries and testes 

7) Pineal 

8)  Thymus 

9) Placenta 

The Pituitary 

The pituitary is situated in the head ‘hanging’ from the base of the hypothalamus and resting 
on the sphenoid bone (in the Sella Turcica) that forms part of the floor of the brain.  It is 
about as large as a pea and is attached to the hypothalamus via the stalk, or infundibulum.  

Figure 260 - Pituitary Gland 

The pituitary regulates so many function in the body it has been called the ‘master gland’.  It 
formed embryonically from two sections; one coming down from the brain (the posterior part) 
and the other growing up from the roof of the mouth (the anterior part). It receives its own 
blood supply, but within the infundibulum there are a specific set of blood vessels connecting 
it to the hypothalamus.   

 

It has two parts: 

 Anterior pituitary (Adenohypophysis) 

 Posterior pituitary (Neurohypophysis) 
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The anterior pituitary  produces 

1. Growth hormone (GH) 
a. This  controls general body growth via action on the skeleton, skeletal muscle 

and nervous tissue.   
2. Prolactin 

a. Initiates milk production in the mammary glands of lactating mothers 
3. Adrenocortical Trophic hormone (ACTH) 

a. Stimulates the adrenal cortex to produce its hormones 
4. Melanocyte stimulating hormone (MSH) 
5. Thyroid stimulating hormone (TSH) 

a. Stimulates the thyroid to produce hormones 
6. Follicle stimulating hormone (FSH) 

a. Stimulates the ovaries to produce ova (eggs) 
b. Stimulates the testes to produce sperm 

7. Luteinizing hormone (LH) 

a. In the female,  it stimulates the ovaries to release the ova and prepares   the 
endometrium of the uterus for implantation; it also stimulates the corpus 
luteum in the ovary. (The corpus luteum produces progesterone and prepares 
the mammary glands for milk production) 

b. In the male  it stimulates the production of testosterone in the testes. 

 
The posterior pituitary  produces: 

 Oxytocin – this stimulates the muscle in the wall of the uterus in childbirth (therefore 

produced initially at this time).  It also stimulates milk ejection from the mammary 
glands during breastfeeding.  

 Anti-diuretic hormone  (ADH aka vasopressin) – this reduces the volume of urine 

produced by stimulating water resorption in the distal convoluted tubule and 
collecting duct in the kidney.  It also acts to increase blood pressure directly by 
causing constriction of the walls of arterioles. 

 
 
In the anterior pituitary, the hormones are produced and stored in situ, but are only released 
when ‘told to’ by the hypothalamus, via releasing factors coming down the connecting 
vessels.  In the Neurohypophysis, the hormones are synthesized in the hypothalamus and 
are stored in the posterior pituitary and released when required. 
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Disorders: 

 
GH – Reduced secretion of this causes pituitary dwarfism, as opposed to genetic dwarfism, 

caused by under-secretion of growth hormone (officially as dwarf is anyone shorter than 4ft 
10ins). Pituitary dwarfism is different to achondroplasia (circus’ dwarfism): 

 In pituitary dwarfism all the body parts are in 
proportion to each other.   

 In achondroplasia is genetic with the head and 
body are relatively normal, but the limbs are 
short 

 
GH – over secretion  causes gigantism. Gigantism is 

anyone over 6ft 4in 

 
   Figure 261 - Gigantism 

 
 
   
 
 
 
 
 
GH - production  of growth hormone after growth has 
stopped (i.e. all epiphyses have fused) in adulthood 
causes acromegaly; it shows as increased thickening of 
the skull, increased size of the jaw and broader hands) 

 
 
 A picture showing ‘before and 
after’ effect of acromegaly (Jaws 
from the James Bond films) 

 
Figure 262 - Acromegaly 



 

 

Compiled by Laurence Hattersley 2016 

177 

 

TSH – increased production, with a resultant increased release of thyroid hormones and 

increase in metabolic rate causes  Graves’ disease. This will increase the rate of all 
metabolic functions in the body. Symptoms include: increased heart rate, breathing, tremor, 
possible swelling of the gland and exophthalmos (bulging eyes)  

 
FSH– reduced production of this can cause sterility via  an inability to produce eggs or 
sperm 

 
LH– lack of this also causes sterility, via an inability to produce eggs or sperm 

 
Prolactin– increased production causes gallactorrhoea (inappropriate milk production) and 

amenorrhea (absence of menstrual cycles) in women, and impotence (inability to attain an 
erection) and infertility in males 

 
Pineal Gland 

This is situated at the roof of the third ventricle of the brain; its function is still unclear, 
though. It produces melatonin; more of this at night, and less in strong sunlight. The 
presence of increased amounts of melatonin causes sleepiness, and may contribute to the 
body’s biological clock. 

 
 
ACTH– increased ACTH 
release caused 
increased release of 
glucocorticoids, causing 
Cushing’s syndrome. 

 
Figure 263 - Cushing's 
syndrome symptoms 
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ADH– Reduced ADH output causes diabetes insipidus 

 
Disorders: 

Seasonal Affective Disorder (SAD) – a type of depression arising during the winter months, 

because there is less light. Some broad spectrum lights are thought to help this. 

 
The Thyroid gland 

The thyroid gland consists of two glands, one each side of the trachea, just below the larynx.  
The two lobes are joined by the isthmus, across the front of the trachea. 

  
      

 Figure 264 - The Thyroid Gland 

 
It produces three hormones: 

 Thyroxin (T4) 

 Tri-iodothyronine (T3) (Of these 

two the latter is more potent and 
faster acting) 

 Calcitonin 

T3 and T4 have 3 effects: 

 Regulation of metabolism– by 
stimulating carbohydrate breakdown 
and protein synthesis. 

 Regulation of growth and 
metabolism.  It therefore works with 
GH in children to stimulate tissue 
growth (especially in the nervous 
system) 

 Regulation of the activity of the nervous system and reactivity.  It produces an 
increase in: blood flow, an increase in rate and force of heartbeat, an increase in 
blood pressure, an increase in gut motility and an increase in nervousness. 

 
Calcitonin– with parathyroid hormone (see below) maintains homeostasis of ionic calcium 

and phosphate in the blood. It lowers blood calcium by increasing calcium storage in bone, 
and reducing osteoclast (bone breakdown) activity 

 
Disorders: 

Hypersecretion of T3 and T4– causes Grave's  disease: thyroid enlargement (goitre), 
exophthalmos, increased heat production, heat intolerance, increased sweating, and weight 
loss despite healthy appetite, tremor and nervousness. 
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Figure 265 - Graves’ disease 

Hyposecretion - T3 and T4 are vital for development of the brain and nervous system in the 
foetus and children, so this causes cretinism: dwarfism, severe mental retardation; in adults 
it causes myxoedema:  puffiness of  the face, slow heart rate, low body temperature, 
sensitivity to cold, weakness, lethargy, weight gain and being less alert.   

Figure 266 - Myxoedema - Before and After Treatment 

 

 

 

Parathyroid glands 

There are 4 parathyroids, 2 on each side 
on the posterior surface of the thyroid 
gland.  

 

 

 

They produce parathyroid hormone (aka 
PTH or parathormone).  This increases the 
levels of calcium and phosphate in the 
blood by: 

Figure 267 - Position of Parathyroids 
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 Increasing their absorption from the gut 

 Releasing them from bone (i.e. from storage) 

 Stimulating the reabsorption of calcium and phosphate in the kidney  

 
Disorders: 

 Hyposecretion – causes muscles twitches and spasms, leading to tetany.  

 Hypersecretion – results in osteitis fibrosa cystica, from demineralisation and causes 
them to become brittle. 
 

Thymus Gland 

This is a bi-lobed lymphatic organ situated in the mediastinum (behind the sternum, between 
the lungs). It is particularly large in infants;  it reduces significantly in size by adulthood: 

   

Strictly speaking it is not an endocrine gland, it is involved in the immune system, but 
releases hormones as well; these hormones are mainly to proliferate and help mature T 
cells, but evidence exists that they also help retard the aging process.  

Suprarenal (adrenal) glands 

There are two suprarenal glands, one top of 
each kidney.  Each gland has two parts: 

 Adrenal cortex (outer)  

 Adrenal medulla (inner) 

 
Figure 268 - Adrenal (Suprarenal) Gland 

 
 

 

 

 

Adrenal cortex 

This produces: 

Aldosterone – this acts via the kidney to increase the amount of sodium in the blood by 

reabsorbing it from the urine (increasing the salt content of the blood causes a consequent 
reabsorption of water [to dilute it], hence increasing blood volume and blood pressure). 

 

Glucocorticoids (steroids) 

 These stimulate the conversion of fat and protein to glucose (gluconeogenesis)  

 They help the body cope with stress; via gluconeogenesis and making us more alert, 
thus helping us cope with stressful situations 

 They are anti-inflammatory – but at the same time they slow healing and reduce the 
body’s ability to fight disease. 

 

Adrenal medulla 

This produces adrenalin  (mainly), which is a sympathomimetic, i.e. it has the same actions 
as the sympathetic nervous system: 

 Increases blood pressure (via increased heart rate and vasoconstriction) 

 Increased rate of respiration  

 Dilates the bronchioles 
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 Increases the efficiency of muscle contraction 

 Increases blood glucose level 

 Increases cell metabolism 

 Increases sphincter tone 

 Decreases the rate of digestion 

It can be seen from these that the general effect is to prepare the body for the ‘fight or flight’ 
response. 

 

Disorders of adrenal: 

Addison’s disease 

 
Figure 269 - Addison's disease, Showing Darker Colouration of Buccal Mucosa from Friction with the Teeth. It can 

also be seen on the Bridge of the Nose (with Glasses) and on the Shoulders, from Bra Straps 

This is from hyposecretion of glucocorticoids and aldosterone. It manifests as mental 
lethargy, anorexia, vomiting, weight loss, hypoglycaemia and muscular weakness. Reduced 
Aldosterone elevates blood potassium and reduces blood sodium; it lowers blood pressure, 
causes dehydration, decreased cardiac output and arrhythmias 
 

Cushing’s syndrome – is from an over production of glucocorticoids; 

 Weight gain, particularly around your midsection and upper back 

 Fatigue 

 Muscle weakness 

 Rounding of your face (moon face 

 Fatty pad or hump between your shoulders (buffalo hump) 

 Pink or purple stretch marks (striae) on the skin of your abdomen, thighs, breasts and 
arms 

 Thin and fragile skin that bruises easily 

 Slow healing of cuts, insect bites and infections 

 Depression, anxiety and irritability 

 Loss of emotional control 

 Thicker or more visible body and facial hair (hirsutism) 

 Irregular or absent menstrual periods in females 

 Decreased libido 

 Erectile dysfunction in males 

 Bone loss, leading to fractures over time 
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Phaeochromocytoma – A tumour of the adrenal medulla resulting in increased adrenaline; 

rapid heartbeat,  headache, high blood glucose (and in urine), elevated basal metabolic rate, 
flushing, nervousness, sweating and reduced GIT movements. It effectively puts the person 
into a persistent ‘fight of flight’ response, which can exhaust of kill of not treated.  
 

 
Figure 271 - Phaeochromocytoma - Tumour of 

the Adrenal Medulla 

 
  
 
 
 

 

 

 

Pancreas 

The endocrine part of this gland is clusters of cells over its surface (Islets of  

Langerhans). In the adult it produces two hormones: its storage as glycogen and fat) 

(From all the above it can be seen that there are three  hormones which increase blood 
glucose (adrenalin, glucocorticoids and glucagon), but only one  that decrease s it –insulin) 

 
 Glucagon – increases blood glucose 
 Insulin – decreases  blood glucose (by taking it out of circulation and stimulating  

 
Disorders: 

Glucagon – can be caused by a tumour and results in hyperglycaemia unless insulin can 

keep pace 

Insulin – a deficiency in insulin production (or a resistance to its efficacy) causes  

Diabetes mellitus  (melli=honey). There are two types 

Figure 270- Cushing's Syndrome, 

Showing 'Moon Face' and Striae on the 

Skin 
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 Type I - thought  to be autoimmune. Causes atherosclerosis and other 

cardiovascular disorders, ischaemic heart disease, peripheral neurovascular disease 
and gangrene.  

 Type II diabetes – aka ‘late, or mature, onset diabetes’, and constitutes probably 90% 

of all cases. It usually occurs in people over 40 and overweight; here blood glucose 
can be usually controlled by diet, exercise and weight loss. 

The Ovaries 

These are paired oval-shaped bodies found in the pelvis cavity. They produce the female 
sex hormones oestrogen  and progesterone 

Oestrogen: 

 Stimulates the development and maintenance of female secondary sexual 
characteristics: fat distribution in breasts, hip, mons pubis and abdomen, voice pitch 
and broad pelvis.  

 Acts synergistically with oestrogen to prepare the endometrium for implantation  

 Lowers blood cholesterol 

 

Progesterone  is produced by the corpus luteum: and the mammary glands for lactation  
 
They both act back on the hypothalamus to reduce FSH releasing factors, hence reducing 
the output of FSH and LH from the anterior pituitary. This inhibition provides the basis for 
birth control pills.  

They also produce inhibin, a hormone that acts back on the pituitary, suppressing FSH and 
LH; and also relaxin, a hormone that is released in the last trimester of pregnancy and acts  
to relax ligamentous structures, the cervix and the symphysis pubis to aid childbirth vis-à-vis 
the passage of the head down the birth canal.  
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The Menstrual Cycle 

The duration of the menstrual cycle is 24 – 35 days, but 28 days is regarded as ‘normal’ 
(hence the word ‘menses’ = month).  

Figure 272 - Phases of Hormone Levels over the Menstrual Cycle, Along with Change in the Endometrium 

It is divided into certain phases: 

 
The menstrual phase 

This lasts roughly the first 5 days of the cycle (Fig. 95), day 1 traditionally defined as the 
beginning of the cycle; the menstrual flow consisting of 50-150ml of blood. It occurs because 
of declining amounts of oestrogen and progesterone causes the uterine spiral arteries to 
constrict, shutting off the blood supply to the endometrium. It is cast off and comes out via 
the vagina; also at this time, about 20 or so follicles begin to enlarge. 
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Preovulatory phase 

This occurs between menstruation and ovulation; it lasts between days 6 – 13. The 20 or so 
follicles continue to grow and begin to secrete oestrogen and inhibin. By about day 6 one 
follicle has outgrown  all the others and becomes the dominant one; the oestrogen and 
inhibin suppress the release of FSH, so the other follicles stop developing and undergo 
atresia. The developing follicle now becomes mature (Graafian follicle) and increases its 
oestrogen production under the influence of LH, and at maturity is about 2cm in diameter.  

Oestrogens are the primary ovarian hormones before ovulation; the menstrual and  

Preovulatory phases are called the follicular  phase.  

 
The oestrogens produced by the follicle pass into the blood and stimulate the repair of the 
endometrium; its thickness doubling to 4 - 6mm, hence is called the proliferative  phase  of 
the uterus. 

 
Ovulation 

The rupture of the Graafian follicle results in the release of the secondary oocyte (egg –cell) 
into the pelvic cavity and occurs on day 14. At this time the body temperature increases by 
0.4 – 0.6° F, from a small increase in progesterone prior to ovulation; also the cervix rise and 
dilates, the mucous plug becoming clear and stretchy.  

Figure 273 - Anatomy of Female Reproductive System 

 
Postovulatory phase 

This lasts for 14 days and represents the time between ovulation and the next menses. After 
ovulation, LH stimulates the ruptured follicle to develop into the corpus luteum (yellow body); 
during its 2-week life span it secretes progesterone and some oestrogen. In the ovary, if the 
egg is fertilized (usually during its passage down the fallopian tube), the corpus luteum last 
longer than 2 weeks; it is maintained by human chorionicgonadotrophin (hCG), a hormone 
produced by the chorion of the embryo as early as 8 –12 days after fertilization. The chorion 
develops into part of the placenta and hCG in blood and urine is a test for pregnancy.  

As pregnancy progresses, the placenta secretes oestrogens to support the pregnancy, and 
progesterone to support pregnancy and breast development for lactation. With the 



 

 

Compiled by Laurence Hattersley 2016 

186 

 

development of the placenta, the function of the corpus luteum becomes minor. In the 
ovaries this is called the luteal phase. 
 
If hCG does not rescue the corpus luteum, it degenerates into a scar called the corpus 
albicans (white body); the consequent lack of oestrogen and progesterone then causes 
menstruation. The reduction of oestrogen and progesterone and inhibin promote the release 
of releasing factors for FSH and the cycle starts all over again. 

 
 

Hormones Action 

Gastrointestinal tract 

Gastrin 

Promotes secretion of gastric juices 

And movements of GIT 

Gastric Inhibitory  Peptide Inhibits secretion of gastric juices 

Decreases  GIT movement, stimulates insulin production 

Secretin Stimulates secretion of pancreatic juice and bile 

Cholecystokinin Stimulates secretion of gastric juices, regulates release of 
bile; creates feeling of fullness after food 

 

Kidney 

Erythropoietin 

Increases rate of red cell production in bone marrow 

 

Calcitriol  (vit. D) 

 

Renin 

Aids in absorption of calcium and phosphorus from GIT 
 
From juxtaglomerular apparatus, it activates angiotensin 
in the blood; this increases blood pressure if the pressure 
to the kidney is too low 

Heart 

Atrial natriuretic peptide 

Decreases blood pressure by stimulating excretion of 
sodium from kidney 

Prostaglandins Involved in pro-inflammatory  

Stimulates  white blood cell chemotaxis and immune 
responses 
Situations 

Affect smooth muscle contraction, glandular secretions, 
blood flow, reproductive processes, platelet function, 
respiration, nerve impulse transmission, fat metabolism  

Leukotrienes 

 

 

The Testes  

These are found in the scrotum and produce testosterone. This and dihydrotestosterone and 
called androgens). It stimulates  

 The descent of the testes, 

 Regulates the production of sperm and 

 The formation and maintenance of male secondary sexual characteristics, e.g. pubic 
hair and beard growth, increased size of muscles and deepening of the voice 

Stimulates the closure of the epiphyses of long bones. 

 Contributes to male sexual behaviour and libido 
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They also produce inhibin which acts to switch off spermatogenesis, when the necessary 
rate is established. 

 
Figure 274 - Diagram Demonstrating Hormones in Male 
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The Urinary System 

 
The Urinary System consists of: 

 2 kidneys 
 2 ureters 
 1 bladder 
 1 urethra 

Figure 275 - Anatomy of Urinary System 
 

The primary function of the urinary system is to help maintain homeostasis by controlling the 
volume and composition of the blood. The kidney is essentially a high-pressure filtration 
system, reabsorbing what the body needs to keep, and eliminating the rest. The eliminated 
materials are collectively called urine –urine consists of water, solutes, toxic wastes 
(ammonia, urea etc.)     

The kidneys are located behind the abdominal peritoneum (retroperitoneal), extending from 
the 12th thoracic vertebra to the 3rd lumbar vertebra. The right kidney is a little lower than the 
left, owing to the position  (and size)  of the liver above it. They are bean shaped glands with 
the concave border towards the vertebrae. Near the centre of the concave portion are ducts, 
one from  each kidney, called ureters. 

The ureters connect the kidneys with the bladder. They are between 10 –12 inches long and 
carry the urine from the kidneys to the bladder for storage for excretion. The bladder is 
situated in the pelvic cavity, behind the pubic bones. It is a hollow muscular organ, which 
serves as a reservoir for urine. 
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Figure 276 - Kidney Structure 

The functional unit of the kidney is the  nephron  (Fig. 276), and each kidney has between 
1.0 – 1.5 million nephrons. Each nephron consists of: 

 Glomerulus 

 Bowman’s capsule 

 Reabsorption tubule  (with a proximal convoluted tubule, a loop of Henle, a distal 
convoluted tubule) 

 Collecting duct 

 
 
 

Figure 277 - The Nephron with its 
Associated Blood Vessel 
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The glomerulus, at the beginning of the nephron,  is a knot of capillaries with an afferent 
arteriole  and an efferent arteriole. The pressure in the afferent arteriole is higher than that in 
the efferent arteriole;  hence it is a  high-pressure filtration  system as fluid is forced out. 
The glomerulus is surrounded by  the  Bowman’s capsule and substances such as water, 
salts, glucose urea etc., are pushed through the semi-permeable walls of the capillaries into 
the Bowman’s capsule; from here  it passes into the reabsorption tubule. Blood cells and 
proteins are too large to pass through. 

 
 

Figure 278 - The Glomerulus 

 

Reabsorption in the tubules is an active process, with the tubules being lining by cuboidal 
epithelium, Substances absorbed in the tubule are: 

 sodium chloride 

 bicarbonate 

 glucose 

 potassium 

 amino acids 

The rate of absorption  has a capacity -  (a maximum it  can reabsorb in any unit time); this 
capacity is the renal threshold. An example of this is glucose. All the glucose is normally 
reabsorbed, but if there is an excess  of glucose in the blood, as in diabetes  mellitus, the 
reabsorption process can work at capacity \but still not be able to reabsorb all the glucose.  

This results in the presence of glucose in the urine. 

 
Water reabsorption by the tubule is partly controlled by the antidiuretic hormone  (ADH), 

which works on the collecting duct.  If the osmotic pressure  (i.e. its concentration) of the 
blood rises, as in dehydration, ADH is released and more water is reabsorbed by the tubule. 
If the osmotic pressure falls  (i.e. it is more dilute), the amount of ADH released into the 
blood is reduced and more dilute urine is produced. 

 
The end product, urine, passes into the collecting duct and onto the renal pelvis. From here 
it drains into the ureter and is carried by gravity and  peristalsis to the  bladder. The bladder 
is elastic, muscular sac, which dilates as it fills with urine. 
 
The volume of urine produced daily is between 1-2 litres, but depends on: 

 Blood pressure – the filtration rate in the glomerulus depends on the blood pressure. 



 

 

Compiled by Laurence Hattersley 2016 

191 

 

 Blood concentration – i.e. from fluid intake; drugs (alcohol) 

 Temperature – high temperatures cause the body to sweat more, so there is less 
bodily fluid and the kidneys will reabsorb more and there will be less urine produced. 

 Mental state – stress can increase blood pressure and therefore the filtration rate. 

 
Disorders of the Urinary System 

 
Nephritis – Inflammation of the kidney. There are various types: 

 Pyelonephritis – this is an inflammation of the whole kidney 

 Pyelitis – inflammation of the renal pelvis and calyces (the area collecting the urine 
before it passes into the ureter); if this is chronic it can cause scarring and impede 
flow 

 Glomerulonephritis – this is inflammation of the glomeruli. It can be caused by an 
allergic reaction to toxins of a Streptococcal infection of elsewhere (e.g. the throat).   
The glomeruli become so inflamed, swollen and engorged with blood it upsets the 
membranes and allows blood cells and proteins to enter the filtrate, causing 
haematuria and proteinuria. The glomeruli can also become damaged, leading to 
renal failure. 

 
 
Cystitis – Inflammation of the urinary bladder. Bacterial infection, chemicals or mechanical 

injury can cause it.  It causes burning or painful micturition, with urgency, frequency and low 
back pain. It is  more frequent in females because of the shorter, wider,  urethra. 

 
Urinary Tract Infection – Infection of part of the urinary system. Bacteria are found in urine 

(normally sterile) and can cause urethritis, cystitis or pyelonephritis. It manifests as painful 
micturition, urgency, frequency and low back pain. More frequent in males. 

 
Renal Failure – Essentially, when the kidney stops working and id defined as no urine 

production for 24 hours 

 Acute – results from low blood volume, decreased cardiac output or  damage. 

 Chronic – progressive decrease in function; usually irreversible and caused by 
inflammation or trauma. 

 
 

Kidney Stones  (renal calculi) 

Insoluble stones forming from solidification of crystals of urine salts (uric acid, calcium 
oxalate and calcium carbonate). They can cause severe pain, especially when one is 
passing down the ureter. 
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Figure 279 - Kidney stone in ureter 

 
Figure 280 - Kidney stone after being passed in urine 
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The Male Reproductive System 

 
The role of the  male  reproductive system  is: 

 To produce sperm 

 To discharge sperm into a woman’s vagina during sex 

 To produce sex hormones which maintain the  male reproductive  organs 
 

Figure 281 - The Anatomy of the Male Reproductive System 

 
The external reproductive structures 

Most of the male reproductive system is located outside of the man’s body. The external 
structures of the male reproductive system are the penis, the scrotum and the testicles. 

Penis 

The penis is the  male organ for sexual intercourse. It has three parts:  

 The root, which attaches to the wall of the abdomen 

 The body or shaft  

 The glans which is the cone-shaped end of the penis 
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o The glans, which also is called the head of the penis, is covered with a loose 
layer of skin called foreskin. (This skin is sometimes removed in a procedure 
called circumcision.) 
 

Figure 282 - Male Reproductive System 

The opening of the urethra, the tube that transports semen and urine, is at the tip of the 
glans penis. The penis also contains a number of sensitive nerve endings. 

The body of the penis is cylindrical in shape and consists of three internal chambers.  

These chambers are made up of special, sponge-like erectile tissue. This tissue contains 
thousands of large spaces that fill with blood when the man is sexually aroused. As the 
penis fills with blood, it becomes rigid and erect, which allows for penetration during sexual 
intercourse. The skin of the penis is loose and elastic to accommodate changes in penis size 
during an erection. 

Semen, which contains sperm, is expelled (ejaculated) through the end of the penis when 
the man reaches sexual climax (orgasm). When the penis is erect, the flow of urine is 
blocked from the urethra, allowing only semen to be ejaculated at orgasm. 

Scrotum 

The scrotum is the loose pouch-like sac of skin that hangs behind the penis. It contains the 
testicles (also called testes), as well as many nerves and blood vessels. The scrotum has a 
protective function and acts as a climate control system for the testes. For normal sperm 
development, the testes must be at a temperature 1-4oC cooler than the body temperature. 
Special muscles in the wall of the scrotum allow it to contract and relax, moving the testicles 
closer to the body for warmth and protection or farther away from the body to  cool the 
temperature. 
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Testicles (testes) 

The testes are oval organs about the size of 
large olives that lie in the scrotum, secured at 
either end by a structure called the spermatic 
cord. Most men have two testes. The testes 
are responsible for making testosterone, the 
primary male sex hormone, and for generating 
sperm. Each testis is divided into 250 - 300 
lobules containing coiled masses of tubes 
called seminiferous tubules. These tubules are 
responsible for producing the sperm cells 
through a process called spermatogenesis. 

 

Epididymis 

The epididymis is a long, coiled tube (about 6m 
long) that rests on the backside of each testicle. Its functions are: 

 The transport and storage of the sperm cells that are produced in the testes.  

 I t also helps bringing the sperm to maturity, since the sperm that emerge from the 
testes are immature and incapable of fertilization.  

During sexual arousal, contractions force the sperm into the vas deferens and along its 
length to the outside 
 

  

Figure 284 - Spermatozoa 

 
 

 

 

 

Figure 283 - Testis and Epididymis 
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What are the internal reproductive organs? 

The internal organs of the male reproductive system, also called accessory organs, include 
the following: 

 Vas deferens — the vas deferens is a long, muscular tube that travels from the 

epididymis into the pelvic cavity, to just behind the bladder. The vas deferens 
transports mature sperm to the urethra in preparation for ejaculation 

 Ejaculatory ducts — these are formed by the fusion of the vas deferens and the 

seminal vesicles. The ejaculatory ducts empty into the urethra. 

 Urethra — the urethra is the tube that carries urine from the bladder to outside of the 

body. In males, it has the additional function of expelling (ejaculating) semen when 
the man reaches orgasm. When the penis is erect during sex, the flow of urine is 
blocked from the urethra, allowing only semen to be ejaculated at orgasm. 

 Seminal vesicles — the seminal vesicles are sac-like pouches that attach to the vas 

deferens near the base of the bladder. The seminal vesicles produce a sugar-rich 
fluid (fructose) that provides sperm with a source of energy and helps with the 
sperms’ motility (ability to move). The fluid of  the seminal vesicles makes up most of 
the volume of a man’s ejaculatory fluid, or ejaculate. 

 Prostate gland — the prostate gland is a walnut-sized structure that is located below 

the urinary bladder in front of the rectum. The prostate gland contributes additional 
fluid to the ejaculate. Prostate fluids also help to nourish the sperm. The urethra, 
which carries the ejaculate 
to be expelled during 
orgasm, runs through the 
centre of the prostate gland. 

 Bulbourethral glands — the 

bulbourethral glands, or 
Cowper’s glands, are pea-
sized structures located on 
the sides of the urethra just 
below the prostate gland. 
These glands produce a 
clear, slippery fluid that 
empties directly into the 
urethra. This fluid serves to 
lubricate the urethra and to 
neutralize any acidity that 
may be present due to 
residual drops of urine in the 
urethra. How does the male 
reproductive system 
function? 

 

 

 

The entire male reproductive 
system is dependent on hormones, 
which are chemicals that stimulate 
or regulate the activity of cells or  organs. The primary hormones involved in the functioning 
of the male reproductive system are follicle-stimulating hormone (FSH), luteinizing hormone 
(LH) and testosterone. 

Figure 285  - Hormonal 

Control of the Testes 
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FSH and LH are produced by the pituitary gland located at the base of the brain. FSH is 
necessary for sperm production (spermatogenesis), and LH stimulates the production of 
testosterone, which is necessary to continue the process of spermatogenesis. Testosterone 
also is important in the development of male characteristics, including muscle mass and 
strength, fat distribution, bone mass and sex drive. 

Disorders 

Infertility is a term doctors use if a man hasn’t been able to get a woman pregnant after at 

least one year of trying. Male infertility can result from physical problems, hormone 
problems, and lifestyle or environmental factors.  About a third of the time, infertility is 
because of a problem with the man. One third of the time, it is a problem with the  woman. 
Sometimes no cause can be found. 

 
Approximately 15 percent of couples are infertile. This means they aren't able to conceive a 
child even though they've had frequent, unprotected sexual intercourse for a year or longer. 
In about half of these cases, male infertility plays a role. 

Male infertility is due to low sperm production, misshapen or immobile sperm, or blockages 
that prevent the delivery of sperm. Illnesses, injuries, chronic Infertility -  health problems, 
lifestyle choices and other factors can play a role in causing male infertility. 

 Not being able to conceive a child can be stressful and frustrating, but a number of 
male infertility treatments are available. Approaches can include treatment for the 
male partner, the female partner, or both. 

 
Symptoms 
 
The main sign of male infertility is the inability to conceive a child.  Often, there are no other 
obvious signs or symptoms. In some cases, however, an underlying problem such as an 
inherited hormonal imbalance or a condition that blocks the passage of sperm may cause 
signs and symptoms. Male infertility symptoms may include: 

Problems with sexual function — for example, difficulty reaching orgasm (delayed 
ejaculation) or difficulty maintaining an erection (erectile dysfunction) 

Pain, swelling or a lump in the testicle area. 

Decreased facial or  body hair or other signs of a chromosomal or hormonal abnormality 

Causes  of infertility  

 
Male fertility is a complex process. For the partner pregnant, the male  be able to produce 
healthy sperm that can reach, penetrate and fertilize  the  partner's egg. For this to occur: 

 They must produce healthy sperm.  Initially, this involves the growth and formation of 
the male reproductive organs during puberty. At least one of the  testicles must be 
functioning correctly, and the  body must produce testosterone and other hormones 
to trigger and maintain sperm production. 

 Sperm have to be carried into the semen.  Once sperm are produced in the testicles, 
delicate tubes transport them until they mix with semen and are ejaculated out of the 
penis. 

 There needs to be enough sperm in the semen.  If the number of sperm in  semen 
(sperm count) is low, it decreases the odds that one of the sperm will fertilize the 
partner's egg. A low sperm count is fewer than 20 million sperm per millilitre of 
semen. 

 Sperm must be shaped correctly and able to move.  If the movement (motility) or 
shape (morphology) of the  sperm is abnormal, the sperm may not be  able to reach 
or penetrate the  partner's egg. 
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Medical causes 

Problems with male fertility can be caused by a number of health issues and medical 
treatments. Some of these include: 

  
 Varicocele.  -  A varicocele is a swelling of the veins that drain the testicle. This may 
prevent normal cooling of the testicle, leading to reduced sperm count and fewer 
moving sperm. 

 Infection.  Some infections can interfere with sperm production or sperm health, or 

can cause scarring that blocks the passage of sperm. These include some sexually 
transmitted diseases (STDs), including Chlamydia and gonorrhoea; inflammation of 
the prostate (prostatitis); inflamed testicles due to mumps (mumps orchitis); and 
other infections of the urinary tract or reproductive organs. 

 Retrograde ejaculation.  This occurs when semen enters the bladder during orgasm 
instead of emerging out the tip of the penis. Various health conditions can cause 
retrograde ejaculation, including diabetes, multiple sclerosis, spinal injuries, and 
surgery of the bladder, prostate or urethra. Retrograde ejaculation can also be 
caused by certain medications —particularly medications for enlarged prostate, such 
as terazosin (Hytrin), tamsulosin (Flomax) and olealfuzosin (Uroxatral). 

 Lack of ejaculation.  Some men with spinal cord injuries or certain diseases can't 
ejaculate semen, even though they still produce sperm. 

 Antibodies that attack sperm.  Anti-sperm antibodies are immune system cells that 
mistakenly identify sperm as harmful invaders and attempt to eliminate them. This is 
especially common in men who've had a vasectomy. 

 Tumours.  Cancers and non-malignant tumours can affect the male reproductive 
organs directly, or can affect the glands that release hormones related to 
reproduction (such as the pituitary gland). In some cases, surgery to treat tumours 
can affect male fertility. 

 Undescended testicles.  In some males, during foetal development one or both 
testicles fail to descend from the abdomen into the sac that usually contains the 
testicles (scrotum). 

 Hormone imbalances.  Infertility can result from disorders of the testicles themselves 
or an abnormality affecting the glands in the brain that produce testosterone and 
other hormones that control the testicles (the hypothalamus or pituitary glands). Low 
testosterone (male hypogonadism) and other hormonal problems have a number of 
possible underlying causes. 

 Sperm duct defects.  The tubes that carry sperm (sperm ducts) can be damaged by 
illness or injury. Some men are born with a blockage in the part of the testicle that 
stores sperm (epididymis) or a blockage of one or both of the tubes that carry sperm 
out of the testicles.  Men with cystic fibrosis and some other inherited conditions may 
be born without sperm ducts altogether. 

 Chromosome defects.  Inherited disorders such as Klinefelter's syndrome — in which 
a male is born with two XXY chromosomes instead of XY— cause abnormal 
development of the male reproductive organs. 

  Problems with sexual intercourse.  These can include trouble keeping or maintaining 
an erection sufficient for sex (erectile dysfunction), premature ejaculation, painful 
intercourse, or psychological or relationship problems that interfere with sex. 

 Celiac disease.  A digestive disorder caused by sensitivity to gluten, celiac disease 
can cause male infertility. Fertility may improve after adopting a gluten-free diet. 

 Certain medications.  Testosterone replacement therapy, long-term anabolic steroid 
use, cancer medications (chemotherapy), certain antibiotics, some ulcer medications 
and certain other medications can impair sperm production and decrease male 
fertility. 
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 Impotence - the inability to gain or maintain an erection. This can be psychological 
from pudendal nerve lesions (long distance cyclists), or maybe a symptom of obesity 
or type II diabetes. 

 
 
Prostate disorders  

 Prostatitis – Inflammation of the prostate, frequently from an infection, usually caused 
by bacteria 

 Benign prostatic hyperplasia, or BPH - an enlarged prostate, which may cause 
dribbling after urination or a need to go often, especially at night. Usually occurs in 
older men. 

 Prostate cancer - a common cancer that responds best to treatment when detected 
early. Can manifest as an enlarged prostate  or as blood in urine 

 
 

Disorders: 

 STDs– sexually transmitted diseases are a group of conditions spread by sexual 

contact, e.g. Chlamydia, gonorrhoea, syphilis, and genital herpes. 
o Chlamydia – caused by the bacterium Chlamydium Trachomatis and is the 

most prevalent STD (20,000 young men and women are rendered sterile by 
this annually in the USA). This cannot reproduce outside the body, and can 
only do so inside cells. Symptoms in men are urethritis (with pain on 
urination), and frequency. In females symptoms are inflammation of the cervix 
with mucous and pus discharge; it  

o Gonorrhoea – caused by Neisseria Gonorrhoea, it causes painful urination 
with pus. 

o Syphilis – caused by Treponema Pallidum,  it has various stages beginning 

with the chancre  at the point of infection. This heals within 5 weeks, and from 
6 – 24 weeks there is a rash, fever and aches and pains in muscles and 
joints. Then it enters a ‘latent period’ that can last for 20 years, during which it 
invades the organ systems of the body, causing degeneration – the tertiary 
stage.  

o Genital herpes – caused by type II herpes simplex virus; causes painful 

blistering at point of infection. It appears and disappears recurrently several 
times a year. 

 
 

Male disorders: 

 Testicular cancer – occurs between the ages of 15 and 34 and is of commoner 

cancers in young men. Cause is unknown; and arises in the sperm producing cells. 
Early signs are a mass in the testis, associated with pain. 

 Prostate disorders – these are inflammatory, benign or malignant and all can 
obstruct the flow of urine (because it wrap around the urethra). 

 Impotence – inability to maintain an erection or to ejaculate. Causes are many: 

insufficient neurotransmitters, diabetes mellitus, syphilis, vascular problems, 
testosterone deficiency, drugs, and psychological factors. 

 Sterility – inability to fertilize egg; not impotence. Fertility requires sufficient numbers 

of viable sperm, unobstructed transport of them through ducts and safe deposition in 
the vagina. The tubules are the most sensitive to x-rays, infections, toxins, 
malnutrition and high scrotal temperatures. 
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The Female Reproductive System 

 
Figure 286 - Anatomy of Female Reproductive System 

The female reproductive system is designed to carry out several functions. It produces the 
female egg cells necessary for reproduction, called the ova or oocytes. The system is 
designed to transport the ova to the site of fertilization. Conception, the fertilization of an egg 
by a sperm, normally occurs in the fallopian tubes. After conception, the uterus offers a safe 
and favourable environment for a baby to develop before it is time for it to make its way into 
the outside world. If fertilization does not take place, the system is designed to menstruate 
(the monthly shedding of the uterine lining). In addition, the female reproductive system 
produces female sex hormones that maintain the reproductive cycle. 

During menopause the female reproductive system gradually stops making the female 
hormones necessary for the reproductive cycle to work. When the body no longer produces 
these hormones a woman is considered to be menopausal. 

 
 
The female anatomy 

The female reproductive anatomy includes internal and external structures. 

Figure 287 - Female Reproductive System - Eternal and Internal 

The function of the external female reproductive structures (the genital) is twofold: To enable 
sperm to enter the body and to protect the internal genital organs from infectious organisms. 
The main external structures of the female reproductive system include: 
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 Labia majora:  The labia majora enclose and protect the other external reproductive 

organs. Literally translated as "large lips," the labia majora are relatively large and 
fleshy, and are comparable to the scrotum in males. The labia majora contain sweat 
and oil-secreting glands. After puberty, the labia majora are covered with hair.   

 Labia minora:  Literally translated as "small lips," the labia minora can be very small 

or up to 2 inches wide. They lie just inside the labia majora, and surround the 
openings to the vagina (the canal that joins the lower part of the uterus to the outside 
of the body) and urethra (the tube that carries urine from the bladder to the outside of 
the body). 

 Bartholin’s glands:  These glands are located next to the vaginal opening and 
produce a fluid (mucus) secretion 

 Clitoris:  The two labia minora meet at the clitoris, a small, sensitive protrusion that 

is comparable to the penis in males. The clitoris is covered by a fold of skin, called 
the prepuce, which is similar to the foreskin at the end of the penis. Like the penis, 
the clitoris is very sensitive to stimulation and can become erect. 

The internal reproductive organs include 

 Vagina:  The vagina is a canal that joins the cervix (the lower part of uterus) to the 
outside of the body. It also is known as the birth canal. 

 Uterus (womb):  The uterus is a hollow, pear-shaped organ that is the home to a 

developing fetus. The uterus is divided into two parts: the cervix, which is the lower 
part that opens into the vagina, and the main body of the uterus, called the corpus. 
The corpus can easily expand to hold a developing baby. A channel through the 
cervix allows sperm to enter and menstrual blood to exit. 

 Ovaries:  The ovaries are small, oval-shaped glands that are located on either side 

of the uterus. The ovaries produce eggs and hormones. 

 Fallopian tubes:  These are narrow tubes that are attached to the upper part of the 

uterus and serve as tunnels for the ova (egg cells) to travel from the ovaries to the 
uterus. Conception, the fertilization of an egg by a sperm, normally occurs in the 
fallopian tubes. The fertilized egg then moves to the uterus, where it implants to the 
uterine wall. 

 
What happens during the menstrual cycle? 

Females of reproductive age (anywhere from 11-16 years) experience cycles of hormonal 
activity that repeat at about one-month intervals. (Menstru  means "monthly"; hence the term 
menstrual cycle.) With every cycle, a woman’s body prepares for a potential pregnancy, 
whether or not that is the woman’s intention. The term  menstruation  refers to the periodic 
shedding of the uterine lining. 

The average menstrual cycle takes about 28 days and occurs in phases: the follicular phase, 
the ovulatory phase (ovulation), and the luteal phase. 

There are four major hormones (chemicals that stimulate or regulate the activity of cells or 
organs) involved in the menstrual cycle: follicle-stimulating hormone, luteinizing hormone, 
oestrogen, and progesterone. 

Follicular phase 

Follicular Phase of the Menstrual Cycle 

This phase starts on the first day of your period. During the follicular phase of the menstrual 
cycle, the following events occur: 
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 Two hormones, follicle stimulating hormone (FSH) and luteinizing hormone (LH), are 
released from the brain and travel in the blood to the ovaries. 

 The hormones stimulate the growth of about 15 to 20 eggs in the ovaries, each in its own 
"shell," called a follicle. 

 These hormones (FSH and LH) also trigger an increase in the production of the female 
hormone oestrogen. 

 As oestrogen levels rise, like a switch, it turns off the production of follicle-stimulating 
hormone. This careful balance of hormones allows the body to limit the number of 
follicles that mature. 

 As the follicular phase progresses, one follicle in one ovary becomes dominant and 
continues to mature. This dominant follicle suppresses all of the other follicles in the 
group. As a result, they stop growing and die. The dominant follicle continues to produce 

oestrogen. 

Ovulatory Phase of the Menstrual Cycle 

The ovulatory phase, or ovulation, starts about 14 days after the follicular phase started. The 
ovulatory phase is the midpoint of the menstrual cycle, with the next menstrual period 
starting about two weeks later. During this phase, the following events occur: 

 The rise in oestrogen from the dominant follicle triggers a surge in the amount of 
luteinizing hormone that is produced by the brain. 

 This causes the dominant follicle to release its egg from the ovary. 

 As the egg is released (a process called ovulation), it is captured by finger-like 
projections on the end of the fallopian tubes (fimbriae). The fimbriae sweep the egg into 
the tube. 

 Also during this phase, there is an increase in the amount and thickness of mucus 
produced by the cervix (lower part of the uterus). If a woman were to have intercourse 
during this time, the thick mucus captures the man's sperm, nourishes it, and helps it to 

move towards the egg for fertilization. 

Luteal Phase of the Menstrual Cycle 

The luteal phase of the menstrual cycle begins right after ovulation and involves the 
following processes: 

 Once it releases its egg, the empty follicle develops into a new structure called the 
corpus luteum. 

 The corpus luteum secretes the hormone progesterone. Progesterone prepares the 
uterus for a fertilized egg to implant. 

 If intercourse has taken place and a man's sperm has fertilized the egg (a process called 
conception), the fertilized egg (embryo) will travel through the fallopian tube to implant in 
the uterus. The woman is now considered pregnant. 

 If the egg is not fertilized, it passes through the uterus. Not needed to support a 
pregnancy, the lining of the uterus breaks down and sheds, and the next menstrual 

period begins. 

http://www.webmd.com/brain/picture-of-the-brain
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Figure 288 - Menstrual cycle 

How many eggs does a woman have? 

During foetal life, there are about 6 million to 7 million eggs. From this time, no new eggs are 
produced. 

The vast majority of the eggs within the ovaries steadily die, until they are depleted at 
menopause. At birth, there are approximately 1 million eggs; and by the time of puberty, only 
about 300,000 remain. Of these, 300 to 400 will be ovulated during a woman's reproductive 
lifetime. The eggs continue to degenerate during pregnancy, with the use of birth control 
pills, and in the presence or absence of regular menstrual cycles. 

Disorders of the female reproductive system 

Menstruation, or period, is a woman's monthly bleeding. Every month, your body prepares 
for pregnancy. If no pregnancy occurs, the uterus sheds its lining. The menstrual blood is 
partly blood and partly tissue from inside the uterus, or womb. It passes out of the body 
through the vagina. Periods usually start around age 12 and continue until  menopause,  at 
about age 51. Most periods last from three to five days. 
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A female  should consult your health care provider if 

 They haven't started menstruating by age 16 

 Their periods stop suddenly  

 They have  bled excessively, or for more days than usual 

 They  suddenly feel sick after using tampons 

 They  bleed between periods 

 They  have severe pain during your period 

 Premenstrual syndrome, or PMS, is a group of symptoms that start before the period. 
It can include emotional and physical symptoms 

 Amenorrhoea – a complete  absence of periods 

 Primary amenorrhea  is when a young woman has not yet had a period by age 16. 

 Secondary amenorrhea  describes someone who used to have a regular period but 
then it stopped for at least three months (this can include pregnancy). 

 This problem is much more common than primary amenorrhea. Common causes 
include many of those listed for primary amenorrhea, as well as  pregnancy, certain 
contraceptives,  breastfeeding, mental stress, and certain medications. 

 Hormonal problems involving the hypothalamus, pituitary, thyroid, ovary, or adrenal 
glands can also cause amenorrhea. 

 Women who have very low body weight sometimes stop getting their periods as well. 

 Women with  premature ovarian failure  stop getting regular their periods before 
natural  menopause. 

 Endometriosis  is a problem affecting a woman's uterus - the place where a baby 
grows when she's pregnant. Endometriosis is when the kind of tissue that normally 
lines the uterus grows somewhere else. It can grow on the ovaries, behind the uterus 
or on the bowels or bladder. Rarely, it grows in other parts of the body. 

 The primary symptom of endometriosis is pelvic pain, often associated with your 
menstrual period. Although many women may experience cramping during their 
menstrual period, women with endometriosis typically describe menstrual pain that's 
far worse than usual. They also tend to report that the pain has increased over time. 

 
 
 
 
Symptoms of dysmenorrhoea 

Common signs and symptoms of endometriosis may include: 

 Painful periods (dysmenorrhoea). Pelvic pain and cramping may begin before and 
extend several days into your period and may include lower back and abdominal 
pain. 

 Pain with intercourse.  Pain during or after sex is common with endometriosis. 

 Pain with bowel movements or urination.  You're most likely to experience these 
symptoms during your period. 

 Excessive bleeding.  You may experience occasional heavy periods (menorrhagia) or 
bleeding between periods (menometrorrhagia). 

 Infertility.  Endometriosis is first diagnosed in some women who are seeking 
treatment for infertility. 

 Other symptoms.  You may also experience fatigue, diarrhoea, constipation, bloating 
or nausea, especially during menstrual periods. 
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Menorrhagia (heavy menstrual bleeding) 

Definition 

Menorrhagia is the medical term for menstrual periods in which bleeding is abnormally 
heavy or prolonged. Although heavy menstrual bleeding is a common concern among 
premenopausal women, most women don't experience blood loss severe enough to be 
defined as menorrhagia. 

 
With menorrhagia, every period you have causes enough blood loss and cramping that you 
can't maintain your usual activities. If you have menstrual bleeding so heavy that you dread 
your period, talk with your doctor. There are many effective treatments for menorrhagia. 

 
Symptoms  of menorrhagia 

  
Soaking through one or more sanitary pads or tampons every hour  for several 
consecutive hours 

 Needing to use double sanitary protection  to control your menstrual flow 
 Needing to wake up to change sanitary protection  during the night 
 Bleeding for a week  or longer 
 Passing large blood clots  with menstrual flow 
 Restricting daily activities  due to heavy menstrual flow 
 Symptoms of anaemia,  such as tiredness, fatigue or shortness of breath 

 

Causes 

 

In some cases, the cause of heavy menstrual bleeding is unknown, but a number of 
conditions may cause menorrhagia. Common causes include: 

 

 Hormonal imbalance.  In a normal menstrual cycle, a balance between the 

hormones oestrogen and progesterone regulates the build-up of the lining of the 
uterus (endometrium), which  is shed during menstruation. If a hormonal imbalance 
occurs, the endometrium develops in excess and eventually sheds by way of heavy 
menstrual bleeding. 

 Dysfunction of the ovaries.  If ovulation does not occur in a menstrual cycle 

(anovulation), progesterone is not produced. This causes hormonal imbalance and 
may result in menorrhagia. 

 Uterine fibroids.  These noncancerous (benign) tumours of the uterus appear during 

your childbearing years. Uterine fibroids may cause heavier than normal or prolonged 
menstrual bleeding. 

 Polyps.  Small, benign growths on the lining of the uterine wall (uterine polyps) may 

cause heavy or prolonged menstrual bleeding. Polyps of the uterus most commonly 
occur in women of reproductive age as the result of high hormone levels. 

 Adenomyosis.  This condition occurs when glands from the endometrium become 

embedded in the uterine muscle, often causing heavy bleeding and painful menses. 
Adenomyosis is most likely to develop if you're a middle-aged woman who has had 
children. 

 Intrauterine device (IUD).  Menorrhagia is a well-known side effect of using a non-

hormonal intrauterine device for birth control. When an IUD is the cause of excessive 
menstrual bleeding, you may need to remove it. 

 Pregnancy complications. A single, heavy, late period may be due to a miscarriage. 

If bleeding occurs at the usual time of menstruation, however, miscarriage is unlikely 
to be the cause. An ectopic pregnancy — implantation of a fertilized egg within the 
fallopian tube instead of the uterus —also may cause menorrhagia. 
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 Cancer.  Rarely, uterine cancer, ovarian cancer and cervical cancer can cause 

excessive menstrual bleeding. 

 Inherited bleeding disorders.  Some blood coagulation disorders — such as von 

Willebrand's disease, a condition in which an important blood-clotting factor is 
deficient or impaired — can cause abnormal menstrual bleeding 

 Medications.  Certain drugs, including anti-inflammatory medications and 
anticoagulants, can contribute to heavy or prolonged menstrual bleeding. Improper 
use of hormone medications also can cause menorrhagia. 

 Other medical conditions.  A number of other medical conditions, including pelvic 

inflammatory disease (PID), thyroid problems, endometriosis, and liver or kidney 
disease, may be associated with menorrhagia 

 Pelvic Inflammatory Disease (PID) – a collective term for any extensive infection of 

the pelvic organs; causes abdominal tenderness, cervical tenderness, and ovarian or 
fallopian tube tenderness, fever, pelvic abscess, and purulent discharge 

 Thrush - Candida  is the scientific name for yeast.  Candidiasis, also known as a 

"yeast infection", is a common fungal infection that occurs when there is overgrowth 
of the fungus called Candida. Candida is always present in the body in small 
amounts. Usually, your immune system keeps yeast under control. If you are sick or 
taking antibiotics, it can multiply and cause an infection.  However, when an 
imbalance occurs, such as when the normal acidity of the vagina changes or when 
hormonal balance changes, or even excess feminine hygiene, Candida can multiply. 
When that happens, symptoms of candidiasis appear. 

 
Symptoms of genital candidiasis  

 Women with VVC usually experience genital itching or burning, with or without a 
"cottage cheese-like" vaginal discharge.  

 Candida  yeasts usually live in the mouth, gastrointestinal tract, and vagina without 
causing symptoms. Symptoms develop only when  Candida  becomes overgrown in 
these sites.  

Rarely,  Candida  can be passed from person to person, such as through sexual intercourse. 
 

Figure 289 - Candida Infection 

Fibroids 

Uterine fibroids are the most common non-cancerous  (benign) tumours in women of 
childbearing age. Fibroids are made of muscle cells and other tissues that grow in and 
around the wall of the uterus, or womb. The cause of fibroids is unknown. Risk factors 
include being African-American or being overweight. 

 
Many women with uterine fibroids have no symptoms. If you have symptoms, they may 
include 
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 Heavy or painful periods or bleeding between periods 

 Feeling "full" in the lower abdomen 

 Urinating often 

 Pain during sex 

 Lower back pain 

 Reproductive problems, such as infertility, multiple miscarriages or early labour 

 
Most women with fibroids can get 
pregnant naturally. For those who cannot, 
infertility treatments may help. Treatment 
for uterine fibroids includes medicines 
that can slow or stop their growth, or 
surgery. If you have no symptoms, you 
may not even need treatment. 

 Figure 290 - Large Fibroid 

 
 
Ovarian cysts 

 
A cyst is a fluid-filled sac. In most cases a 
cyst on the ovary does no harm and goes 
away by itself. Most women have them sometime  during their lives. Cysts are rarely 
cancerous in women under 50. Cysts sometimes hurt -but not always. Often, a woman finds 
out about a cyst when she has a pelvic exam. 

 
If you're in your childbearing years or past menopause, have no symptoms, and have a fluid-
filled cyst, you may choose to monitor the cyst. You may need surgery if you have pain, are 
past menopause or if the cyst does 
not go away. Birth control pills can 
help prevent new cysts.  

 
 

Figure 291 - Surgical Removal of Large 
Ovarian Cyst 

 
  

 

 

A health problem that may involve 
ovarian cysts is polycystic ovarian 
syndrome (PCOS). Women with 
PCOS can have high levels of male hormones, irregular or no periods and small ovarian 
cysts. 
 
Cervical Cancer 

 
The cervix is the lower part of the uterus, the place where a baby grows during pregnancy.  
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Cervical cancer is caused by several types of a virus called human  

Papillomaviruses (HPV). The virus spreads through sexual contact. Most women's bodies 
are able to fight HPV infection. But sometimes the virus leads to cancer. You're at higher risk 
if you smoke, have many children, use birth control pills for a long time, or have HIV 
infection. 

 
  

Cervical cancer may not cause any symptoms at first, but later, you may have pelvic pain or 
bleeding from the vagina. It usually takes several years for normal cells in the cervix to turn 
into cancer cells. Your health care provider can find abnormal cells by doing a Pap test -
examining cells from the cervix under a microscope. By getting regular Pap tests and pelvic 
exams you can find and treat changing cells before they turn into cancer. 

 
A vaccine for girls and young women is said to protect against the four types of HPV that 
cause most cervical cancers. 

 

Ovarian cancer  usually happens in women over age 50, but it can also affect younger 
women. Its cause is unknown. Ovarian cancer is hard to detect early. 

The sooner ovarian cancer is found and treated, the better your chance for recovery. But 
ovarian cancer is hard to detect early. Many times, women with ovarian cancer have no 
symptoms or just mild symptoms until the disease is in an advanced stage and hard to treat.  

 

Symptoms of ovarian cancer may include: 

 Heavy feeling in pelvis 

 Pain in lower abdomen 

 Bleeding from the vagina 

 Weight gain or loss 

 Abnormal periods 

 Unexplained back pain that gets worse 

 Gas, nausea, vomiting, or loss of appetite 

 

Treatment is usually surgery followed by treatment with medicines called chemotherapy. 

 
Breast cancer  affects one in eight women during their lives. Breast cancer kills more women 
in the United States than any cancer except lung cancer. No one knows why some women 

Figure 292 - Photos showing a normal cervix 

(left) and a cancer (right) 
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get breast cancer, but there are a number of risk factors. Risks that you cannot change 
include 

 

 Age - the chance of getting breast cancer rises as a woman gets older 

o Genes - there are two genes, BRCA1 and BRCA2, which greatly increase the 
risk.  

 Personal factors -beginning periods before age 12 or going through menopause 

 

Women who have family members with breast or ovarian cancer may wish to be tested, after 
age 55 

 
Other risks include being overweight, using hormone replacement therapy (also called 
menopausal hormone therapy), taking birth control pills, drinking alcohol, not having children 
or having your first child after age 35 or  having dense breasts. 

 
Symptoms of breast cancer may include a lump in the breast, a change in size or shape of 
the breast or discharge from a nipple. Breast self-exam and  mammography  can help find 
breast cancer early when it is most 
treatable. Treatment may consist of 
radiation, lumpectomy,  mastectomy, 
and chemotherapy and hormone 
therapy. 
 
 

Figure 293 - Late Stage Breast Cancer 

 
   
 
 
 
 

Men  can have breast cancer, too, but the number of cases is small. 


